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NOTICE OF PREPARATION 

To: California State Clearinghouse 
California Responsible Agencies 
California Trustee Agencies 
Other Interested Public Agencies  
Interested Parties and Organizations 
Affected Property Owners within 1,000 feet of the Project Site 

Subject: Notice of Preparation (NOP) of an Environmental Impact Report (EIR) for the Cabin Creek 
Biomass Facility Project (Placer County, California) 

Lead Agency: Placer County 
Community Development Resource Agency, Environmental Coordination Services 
3091 County Center Drive, Suite 190, Auburn, CA 95603 
Contact: Maywan Krach, Community Development Technician 
Phone: (530) 745-3132/Fax: (530) 745-3080  Email: cdraecs@placer.ca.gov

Project Title:  Cabin Creek Biomass Facility Project (PCPJ 20110376) 

Project Applicant: Placer County  

Project Location: Eastern Regional Materials Recovery Facility and Transfer Station: 900 Cabin Creek Road, 
Truckee, Placer County, California 96161.  Assessor’s Parcel Number (APN): 080-070-016 

Project Description:  Placer County is proposing to construct a two-megawatt (MW) wood-to-energy biomass 
facility at the Eastern Regional Materials Recovery Facility (MRF) and Transfer Station that would use a gasification 
technology. The entire Eastern Regional MRF and Transfer Station site is approximately 290 acres and includes four 
County-owned parcels (APNs: 080-010-031, 080-010-033, 080-070-017, and 080-070-016). The proposed project 
would be located on a two-acre site in the southernmost area of property and entirely within APN 080-070-016. 
The site is located within the unincorporated portion of Placer County, California, approximately two miles south of 
Interstate 80 (I-80) at 900 Cabin Creek Road, 0.30 miles west of State Route (SR) 89. The site is in Section 28, 
Township 17 North, Range 16 East, Mount Diablo Baseline and Meridian. Site access is via Cabin Creek Road, off of 
SR 89.  

The proposed project would include construction of an approximately 11,000 square-foot, two-story structure that 
would house the power generating and emissions control equipment, two 400 square-foot pads to accommodate 
transformer and phase-shifting equipment, and an approximately one acre material storage area. The storage area 
would include a 7,000 square-foot open air pole canopy structure to allow materials drying before use in the energy 
generation process. Additional on-site improvements would include six to eight parking spaces, a paved vehicle 
circulation area that includes new driveways on Cabin Creek Road and the access road to Tahoe Area Regional 
Transit (TART) and County Department of Public Works facilities located on the site, an aggregate base haul road 
south of the material storage area, storm water treatment facilities (including an infiltration trench and detention 
basin), retaining walls, and utility improvements/extensions.   

Biomass materials (processed woody chips utilized as fuel for the plant) would be processed (ground and screened) 
at the locations from which they are removed (such as U.S. Forest Service fuels reduction sites) and delivered via 
haul truck to the project site. No additional wood material processing would occur at the site beyond that which is 
already occurring in association with current Eastern Regional MRF and Transfer Station wood waste handling 
activities.  As needed, additional fuel for the plant (potentially during winter months) could include wood waste 
materials (forest waste biomass) already being processed at the Eastern Regional MRF and Transfer Station. Under 
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current MRF operating conditions, processed wood waste materials are hauled from the site to more distant 
biomass facilities (such as Sierra Pacific Industries biomass facility in Lincoln, California) and other sites for reuse 
(such as ski slope stabilization). Thus, the proposed project could enable biomass materials to be used on site, 
thereby reducing the facility’s current hauling requirements.   

Placer County Planning Services Division is initiating the preparation of an environmental impact report (EIR) 
prepared in accordance with the California Environmental Quality Act (CEQA), the State CEQA Guidelines, and 
Placer County’s Environmental Review Ordinance. The U.S. Department of Energy (DOE) is contributing federal 
grant funding for the proposed project. It is anticipated that the EIR will be prepared to satisfy the substantive 
environmental review requirements of an environmental assessment (EA) pursuant to the National Environmental 
Policy Act (NEPA). If DOE determines that an environmental impact statement (EIS) is required for NEPA purposes, 
separate and subsequent noticing and scoping will be conducted pursuant to NEPA. If DOE determines that the 
project, as mitigated, will not have significant effects on the environment, DOE may adopt a finding of no significant 
impact (FONSI) for the project. Notwithstanding DOE’s involvement, the environmental document will be referred 
to as an EIR.  

Placer County needs to know your views as to the scope and content of the environmental information which is 
germane to your interests or statutory responsibilities in connection with the proposed project. If you represent an 
agency, and you will be relying on the EIR when considering a permit action or other approval for the project, it is 
requested that you notify Placer County of those permit actions and provide the name of a contact person at your 
agency so that the County can coordinate accordingly throughout the environmental review process. 

A brief description of the project and alternatives likely to be evaluated in the EIR, and a summary of the probable 
environmental effects of the proposed project are attached hereto, and/or are available for review on the Placer 
County website at: http://www.placer.ca.gov/Departments/CommunityDevelopment/EnvCoordSvcs/EIR.aspx.  

This NOP is being circulated for a period of 45 days, which exceeds the minimum circulation period specified in the 
State CEQA Guidelines Section 15082(b). Therefore, your response is requested at the earliest possible date, but no 
later than Monday, January 23, 2012. Please send your comments to Maywan Krach at Placer County by mail, fax, 
or email to the address shown above under “Lead Agency.”   

The Placer County Planning Services Division will hold one public scoping meeting in connection with the proposed 
project. The scoping meeting will be held to receive comments from the public and other interested parties and 
agencies regarding the issues that should be addressed in the EIR. The scoping meeting will be held on Wednesday, 
January 11, 2012, at 1:00 PM in the Community Room at Squaw Valley Public Service District, 305 Squaw Valley 
Road, Olympic Valley, California 96146.  

If you have further questions or require additional information, please contact Maywan Krach at Placer County by 
mail, fax, or email at the address shown above under “Lead Agency.” 

http://www.placer.ca.gov/Departments/CommunityDevelopment/EnvCoordSvcs/EIR.aspx�
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CABIN CREEK BIOMASS FACILITY PROJECT 
PLACER COUNTY, CALIFORNIA 

PROJECT INFORMATION 

PROJECT OVERVIEW AND LOCATION 

Placer County is requesting approval of a Conditional Use Permit to construct a two-megawatt (MW) wood-to-
energy biomass facility at the Eastern Regional Materials Recovery Facility (MRF) and Transfer Station (formerly 
Eastern Regional Landfill). The entire Eastern Regional MRF and Transfer Station site is approximately 290 acres 
and includes four County-owned parcels (APNs: 080-010-031, 080-010-033, 080-070-017, and 080-070-016).  
The proposed project would be located on a two-acre site in the southernmost area of property and entirely 
within APN 080-070-016. The site is located within the unincorporated portion of Placer County, California, 
approximately two miles south of Interstate 80 (I-80) at 900 Cabin Creek Road, off of State Route (SR) 89 
(Exhibits 1 and 2). The site is in Section 28, Township 17 North, Range 16 East, Mount Diablo Baseline and 
Meridian. The site is zoned Forestry-Special Purpose (FOR-SP). Exhibit 3 illustrates a preliminary layout of project 
buildings, parking areas, driveways, and other proposed improvements. The Eastern Regional MRF and Transfer 
Station site is not listed on the California Department of Toxic Substances Control’s Hazardous Waste and 
Substances Site List prepared pursuant to California Government Code Section 65692.5.  

Biomass materials (fuel for the plant) would be processed (ground and screened) at the locations from which 
they are removed (such as U.S. Forest Service fuels reduction sites) and delivered via haul truck to the project 
site. No additional wood material processing would occur at the site beyond that which is already occurring in 
association with current Eastern Regional MRF and Transfer Station wood waste handling activities.  These 
current activities include:  As needed, additional fuel for the plant (potentially during winter months) could 
include wood waste materials (forest waste biomass) already being processed at the Eastern Regional MRF and 
Transfer Station. Under current MRF operating conditions, processed wood waste materials are hauled from the 
site to more distant biomass facilities (such as Sierra Pacific Industries biomass facility in Lincoln, California) and 
other sites for reuse (such as ski slope stabilization). Thus, the proposed project could enable biomass materials 
to be used on site, thereby reducing the facility’s current hauling requirements. 

PROJECT OBJECTIVES 

The proposed project is an element of the broader Placer County Biomass Program. The Placer County Biomass 
Program identifies the need to reduce fire danger, reduce air pollution from opening burning, create green 
energy, and create future economic growth. The Placer County Board of Supervisors created a Biomass Policy 
Team and adopted a Strategic Plan in 2007 for Wildfire Protection and Biomass Utilization. Specifically, the 
Biomass Program was created to coordinate Placer County’s efforts to: (1) determine the feasibility of removing 
woody biomass from forest lands in the county; and (2) examine the options for using excess biomass to 
generate economically-sustainable forms of energy or other beneficial products. Elements of the Biomass 
Program are being implemented through federal funding and grants administered by the U.S. Forest Service 
(USFS), Placer County Air Pollution Control District (PCAPCD), the Sierra Nevada Conservancy, and the U.S. 
Department of Energy (DOE). The overall Placer County Biomass Program involves coordination with the 
California Department of Forestry and Fire Protection, the U.S. Environmental Protection Agency, the California 
Tahoe Conservancy, California State Parks, the North Tahoe Fire Protection District, the California Energy 
Commission, the University of California at Davis, and Liberty Energy (which purchased Sierra Pacific Power 
Company’s electrical assets in California in 2010). As part of the Biomass Program, material managed by Placer 
County is already being processed and transported to biomass facilities and for use in ski slope stabilization.  
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Source: Ascent Environmental, Inc. 2011 

 
Exhibit 1 Regional Location 
  



Cabin Creek Biomass Energy Facility Project Project Information 

Ascent Environmental, Inc. 3 of 15 

 

Source: Adapted from Placer County 2011  

 
Exhibit 2 Project Vicinity  
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Source: Adapted from Wood Rodgers 2011 

 
Exhibit 3 Preliminary Site Plan  
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Placer County is proposing to construct a biomass energy production facility in eastern Placer County. This 
facility would provide a new source of renewable electrical energy from waste biomass materials, provide a 
demonstration model of sustainable forest waste collection and processing, and assist in continued forest 
treatment activities. 

The County’s objectives of the Cabin Creek Biomass Facility Project are to: 

 Construct and operate a small scale, sustainable, and low-impact biomass power plant at a location close to 
the source material; 

 Improve regional air quality and reduce greenhouse gas emissions associated with open burning of biomass 
waste; 

 Support healthy forest management practices that improve watershed health and wildlife habitat through 
planned forest thinning operations designed to reduce catastrophic wildfire risks; 

 Contribute to California’s renewable energy production goals through the operation of a woody biomass 
power plant that provides a long-term renewable electrical supply and reduces dependency on fossil fuels 
used to generate electricity for local consumption; 

 Provide a local source of reliable, consistent power to minimize electricity disruptions; 
 Reduce transportation costs and related air pollution associated with the current practice of trucking woody 

biomass to distant utilization facilities and/or disposal sites; 
 Demonstrate the Public Private Partnership (PPP) model that includes partnerships between local, state, and 

federal agencies and local businesses for renewable energy development and forest health initiatives; 
 Provide new employment opportunities in surrounding areas; and  
 Utilize existing appropriately zoned land for enhancement of public utility supply while minimizing impacts 

to commercial, residential, recreational, and open-space uses. 

ENVIRONMENTAL SETTING AND PROJECT DESCRIPTION 

LAND USE OVERVIEW 

CURRENT LAND USES 

The Eastern Regional MRF and Transfer Station site was originally operated as a sanitary landfill. In 1995, the 
landfill was closed and the current transfer activities began full operation. The facility and closed landfill are 
located on a portion of the 290-acre area comprised of four parcels owned by the County (see Exhibit 2). Much 
of the 290-acre area is undeveloped with structures.  About one-third of the site is coniferous forest. The 
transfer facility consists of two separate areas connected by the main on-site haul road. The southern portion of 
the facility contains the scale house, the MRF/Transfer Station building, the buy-back area, and the household 
hazardous waste receiving and storage building on approximately 8.7 acres. The northern 24.2 acres of the 
facility contains the wood and inert materials processing and storage area. The closed landfill occupies 
approximately 65.6 acres of the parcel. An approximately 32-acre area is currently being reclaimed as a part of 
the landfill post-closure plan (reclamation area).  

Also located on the Eastern Regional MRF and Transfer Station site are three modular residences (occupied by 
the facility caretakers), Placer County Department of Public Works (DPW) road maintenance facilities, and Tahoe 
Area Regional Transit (TART) facilities.  

The two-acre project site includes one of the three employee residences, which would be removed as part of the 
project. The site is otherwise undeveloped and includes forested land. 
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PROPOSED LAND USES 

The proposed project would include construction of a +11,000 square-foot, two-story structure that would 
house the power generating and emissions control equipment,  two 400 square-foot pads to accommodate 
transformer and phase shifting equipment, and an approximately one acre material storage area (Exhibits 2 and 
3). The storage area would include a 7,000 square-foot open air pole barn structure to allow materials drying 
before use in the energy generation process. Additional on-site improvements would include six to eight parking 
spaces, a paved vehicle circulation area that includes new driveways on Cabin Creek Road and the access road to 
the TART/DPW facilities located on the site, an aggregate base haul road south of the material storage area, 
storm water treatment facilities (including an infiltration trench and detention basin), retaining walls, and utility 
improvements/extensions. 

ADJACENT LAND USES 

The project site is bound on its southern and eastern sides by National Forest System (NFS) land, which is 
managed by the USFS. Land immediately to the north and west of the project site includes existing Eastern 
Regional MRF and Transfer Station property.  SR 89 is located to the east of the project site, and the Truckee 
River runs parallel to SR 89 on the east side of the highway. The closest off-site residences are approximately 
3,400 feet to the east, across SR 89 and on the west side of the Truckee River. 

PROJECT CHARACTERISTICS 

The following provides an overview of the technology, fuel supply, and operational characteristics of the 
proposed project. 

ENERGY COMPONENT: GASIFICATION TECHNOLOGY  

Gasification systems generate electricity through combustion of “syngas” in an internal combustion (IC) engine 
or turbine. Gasification is the thermochemical conversion of organic woody biomass into a synthetic gas (syngas) 
under controlled conditions of heat and oxygen. The syngas formed by gasification is composed primarily of 
hydrogen (H2), methane (CH4), and carbon monoxide (CO), and is similar to natural gas. Gasification also 
produces carbon char (also known as biochar). Biochar is charcoal created by pyrolysis (decomposition of 
organic material by heating in the absence of oxygen and water) of biomass, and differs from charcoal only in 
that its primary use is not for fuel, but potentially for bio-sequestration or atmospheric carbon capture and 
storage. There is currently an emerging market for biochar for use as both a soil amendment and for bio-
sequestration purposes.   

The syngas can be used as a primary fuel in electrical generating units such as a reciprocating internal 
combustion (IC) engine or in a gas turbine. It can also be used as fuel to produce steam or hot water for heating 
and/or manufacturing processes. Exhibit 4 illustrates a typical process diagram for a gasification system. 

Gasification is a newer technology for electricity generation. The earliest uses of gasification date back to the 
production of city gas from coal in the late 1800s for use as a heating and/or lighting gas. Gasification has been 
in commercial use for more than 50 years with the production of syngas (as a substitute for natural gas). More 
recently, gasification has been applied to power generation at a few large integrated gasification combined cycle 
plants within and outside of the U.S.  
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Source: TSS Consultants 2010 

 
Exhibit 4 Gasification System Schematic 

 

Small-scale gasification systems (< 3 MW) are currently in use in the United States, British Columbia, Austria, 
Denmark, Finland, France, India, Italy, Switzerland, and elsewhere. The nearest small-scale plants using 
gasification technology for electrical energy generation include: (1) a 500-kilowatt (kW) facility in Merced, 
California; (2) a 1 MW facility in Oakdale, California (under construction); (3) a 250-kW facility in Kamloops, 
British Columbia; and (4) a 50-kW facility in Winters, California.  

Placer County has not identified a preferred manufacturer of gasification system equipment.  Placer County 
maintains a vendor database with over 35 companies that develop and produce gasification systems. The 
County has on multiple occasions solicited technical information from its vendor database that has been used to 
develop the proposed project. If the project is approved, the County would select the manufacturer later in the 
process. Proposed structures have been designed to accommodate the range of available technologies. 
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WASTE HEAT COMPONENT 

The County is evaluating options to utilize waste heat generated as a byproduct of the electrical generation 
process as part of the proposed project. Some technologies include the use of additional equipment that can 
convert waste heat into electricity. It is expected that such equipment could be housed in the proposed power 
generation building. Also the waste heat that is generated could supply heat to melt snow for the facility’s paved 
and concrete areas, such as the material storage area access road, parking spaces, and sidewalk areas. Waste 
heat could also be used to provide heat to buildings within the Eastern Regional MRF and Transfer Station 
complex in the future. 

WOODY BIOMASS FUEL SUPPLY 

The proposed fuel supply for the proposed project would be solely woody biomass, derived from a variety of 
sources including forest-sourced material (hazardous fuels residuals, and forest thinning and harvest residuals) 
and clean urban-sourced material (tree trimmings and pine needles, and clean construction and demolition 
wood).  The facility would be certified as a renewable energy facility by the California Energy Commission (CEC) 
based on the proposed sole use of renewable woody biomass as its fuel source. 

As stated in California Public Resources Code (PRC) Section 25743(f), the CEC categorizes facilities generating 
electricity from biomass energy as in-state renewable electricity generation facilities if they report to the CEC 
the types and quantities of biomass fuels used and certify to the satisfaction of the Commission that the fuel 
utilization meets certain requirements. Facilities using wood and wood wastes must demonstrate that the fuel 
sources meet all of the following requirements:  

 have been harvested pursuant to an approved timber harvest plan prepared in accordance with the Z'berg-
Nejedly Forest Practice Act of 1973 (Chapter 8 [commencing with Sec. 4511] of Part 2 of Division 4, 
California PRC);  

 have been harvested for the purpose of forest fire fuel reduction or forest stand improvement; and 
 do not transport or cause the transportation of species known to harbor insect or disease nests outside 

zones of infestation or current quarantine zones, as identified by the California Department of Food and 
Agriculture or the California Department of Forestry and Fire Protection, unless approved by those agencies. 

Forest-sourced material for the proposed project would generally include: 

 residuals as a result of forest fuels reduction and defensible space activities; and 
 timber harvest residues including limbs, treetops and unmerchantable logs generated as byproducts of 

commercial timber harvest activities.  

High-quality recoverable urban wood for the proposed project would generally include the following materials 
currently processed at the Eastern Regional MRF and Transfer Station: 

 tree trimmings and green waste; and  
 clean (untreated) construction and demolition wood from building/remodeling activities.  
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To generate two MW of power using a gasification system, the plant would consume between approximately 
14,000 and 17,000 bone dry tons (BDT) of woody biomass fuel annually depending on the technology ultimately 
chosen.1

FUEL DELIVERY, SITE ACCESS, AND PARKING 

 This material would be delivered to the project site already processed (chipped and ground). The 
woody biomass fuel supply is anticipated to originate from within and around the Lake Tahoe Basin, generally 
within a 20-mile radius from the project site and up to a one-hour drive. Costs associated with transport of 
woody biomass limits the market area for fuel acquisition. However, fuel sources could come from longer 
distances if economics allow. All material to be used in the power generating facility would be required to meet 
County fuel specifications. 

Trucks hauling fuel to the site would use SR 89 and Cabin Creek Road to access the site.  The proposed project 
would include installation of a six to eight parking spaces, an aggregate base haul road south of the material 
storage area, and a paved vehicle circulation area. 

The County has evaluated a variety of truck types that could haul materials to the site. Each BDT of wood chips is 
approximately equivalent to 200 cubic feet or 7.41 cubic yards. Because forest thinning operations do not occur 
during the winter months, material would be delivered to the site on weekdays during the months of May 
through November for a total of approximately 152 days. Depending on the design capacity of the vehicle 
selected by the County (expected to be between 20 and 93 cubic yards) and assuming up to 17,000 BDT of 
woody biomass fuel would be consumed annually, the number of truck deliveries on a typical weekday would be 
between 42 truckloads (if a smaller 20 cubic yard truck is used) and 9 truckloads (if a 93 cubic yard chip van truck 
is used).  These are all new vehicles trips to the ERL site.  For those occasions when a back-up winter supply is 
needed, woody biomass fuel suitable for energy production will be obtained onsite at the existing ERL 
operations.  Because these materials are already being delivered to the ERL for processing under the current 
solid waste facilities permit, no new truck trips will be generated for the back-up winter supply. 

Material transported to the site would be unloaded and stored on site, some in the covered materials storage 
structure and most piled on open ground in the materials storage area. On-site equipment would include a 
diesel-fueled wheeled loader used to move unloaded material into piles in the storage building and then to push 
material into the system that feeds the gasification equipment. Woody biomass fuel would be compacted during 
storage in the material storage area to avoid spontaneous combustion of the material. 

FACILITY OWNERSHIP AND EMPLOYMENT 

Ownership of the proposed biomass facility at the Eastern Regional MRF and Transfer Station is uncertain at this 
time, but may include a partnership between Liberty Energy and Placer County or a new energy partner. It is 
assumed that a private partnership would be established for the proposed biomass facility. 

The project is expected to create six new jobs. Because electrical generation at the facility would occur 24 hours 
per day, it is estimated that one to three employees would be on the site at all times, and up to three employees 
at any one time. Placer County also estimates that an additional eight jobs would be created off-site to collect, 
process, and transport biomass fuel to the facility.  

MATERIALS HANDLING AND STORAGE 

Material transported to the site would be unloaded and stored in the covered materials storage structure as 
well as the uncovered storage area. On-site equipment would include a diesel-fueled wheeled loader used to 

                                                           
1  A “bone dry ton” refers to an amount of wood that weighs 2,000 pounds at zero percent moisture content. Conversely, a “green ton” refers to 

2,000 pounds of undried biomass material. Moisture content must be specified if green tons are used as a measure of fuel energy. 
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move material into piles in the storage building (and uncovered storage area) and then to push material into the 
system that feeds the gasification equipment. The adjacent proposed one-acre storage area would be expected 
to accommodate storage for approximately four to five months.  Woody biomass fuel would be compacted 
during this longer term storage in the fuel yard to avoid spontaneous combustion of the biomass.  The loader 
would also be used to load the biochar into outgoing haul trucks (see below). Should more material be needed 
(beyond the four to five months) during the winter, chipped material would be hauled from the wood debris 
area at the Eastern Regional MRF and Transfer Station facility located within the same complex. 

Hazardous materials storage on the site would include: (1) diesel fuel in a 250-gallon, above ground storage tank 
with secondary containment that would be used for the wheeled loader; (2) urea reagent used in the nitrogen 
oxide (NOx) emissions control system for the power generating facility (if required by the PCAPCD; and 3) 
propane if necessary for the start-up of the gasification technology chosen for the project. 

BIOCHAR PRODUCTION 

Gasification of forest-sourced woody biomass can produce approximately three to five percent biochar per 
volume of woody biomass input. Therefore, the 14,000 to 17,000 BDT of woody biomass used in the power 
generation process would yield an estimated 420 to 850 tons of biochar per year, or between 8 and 16 tons per 
week.  

BIOCHAR HANDLING 

Biochar would be transferred directly from the gasification vessel into a biochar containment tank housed within 
the power generating building. Assuming approximately 800 pounds of biochar per cubic yard, the removal of 
biochar from the site is anticipated to require off-haul and disposal of between 20 and 40 cubic yards of biochar 
per week, which could be accomplished using two to four 10 cubic yard truckloads per week. The biochar would 
be fully contained within the trucks so that no biochar would be exposed to wind during its transport. No 
biochar would be stored in open piles on the site.  

Biochar generated at the site would either be reused in one of several non-disposal applications (e.g., charcoal, , 
soil amendment, or as a potential bio-sequestration of carbon agent), or disposed of at an appropriately 
permitted facility (e.g., Lockwood Regional Landfill in Sparks, Nevada). 

OPERATING HOURS 

The proposed project would operate 24 hours per day, approximately 330 days per year, with fuel deliveries and 
unloading activities limited to daytime hours throughout the late spring, summer and fall months. Truck 
deliveries would likely occur on weekdays only and be limited to the months of May through November. While 
the delivery process may be limited by weather conditions during the winter months, the daily activity of moving 
material from the onsite material storage area to the biomass facility could proceed each day. 

WATER/WASTEWATER REQUIREMENTS 

The proposed project would receive water from three existing aboveground water tanks (with capacities of 
60,000 gallons, 150,000 gallons, and 250,000 gallons) that serve the existing Eastern Regional MRF and Transfer 
Station and TART/DPW facilities in the southern portion of the site, and wood and inert processing activities (via 
water trucks) on the northern part of the site. The tanks are located within an off-site easement that crosses 
National Forest Service lands immediately west and uphill from the Eastern Regional MRF and Transfer Station 
property. Water is supplied to the County-owned tanks by an on-site, 100 gallon per minute groundwater well 
and pump located near the existing buildings and scale house. A gasification system would require water at a 
continuous flow of up to five gallons per minute (gpm), and up to 7,200 gallons per day (gpd). The project would 
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also include a restroom and fire suppression equipment that would require water service.  No new water 
storage is proposed and no new wells are needed for operational needs. 

Wastewater service is provided to the southern part of the site by the Tahoe City Public Utility District (TCPUD). 
Existing sanitary sewer lines serve the existing Eastern Regional MRF and Transfer Station operations and 
TART/DPW facilities in the southern portion of the site. Wastewater may require pretreatment before discharge 
to the TCPUD sewer main that connects to the Tahoe-Truckee Sanitation Agency (T-TSA) sanitary sewer system. 
T-TSA’s sanitary sewer lines extend along SR 89 to a treatment facility located east of the Town of Truckee.  

ELECTRICITY REQUIREMENTS 
An existing overhead power line that extends from Liberty Energy’s 60-kV transmission line on the east side of 
the Truckee River brings electricity to the Eastern Regional MRF and Transfer Station site to power the existing 
Eastern Regional MRF and Transfer Station, the TART/DPW facilities, and on-site caretaker residences. The 
proposed project would include extension of the existing electrical line across the site, which may be 
undergrounded, to bring electricity to the proposed biomass facility. (Note: the exact location of the proposed 
extension is unknown at this time, but will be included in the EIR).  

The project would also require a connection to the existing power line to bring power generated at the site to 
the electrical grid. Based on preliminary discussions with representatives of Liberty Energy (which owns and 
maintains the lines), the existing power line would have capacity to accommodate electricity generated at the 
project site. The proposed project would likely require the construction of transformer and phase shifting pads 
and equipment that would be used to transfer power at the correct voltage to the grid, but no off-site electrical 
improvements (i.e., power line extensions) would be required. 

RELEVANT PLANNING INFORMATION 

Placer County will use the EIR to consider the environmental effects, mitigation measures, and alternatives 
when reviewing the proposed project for approval. Placer County maintains discretionary authority over the 
primary project approvals. A partial list of the discretionary approvals follows: 

 Conditional Use Permit (Placer County) 
 Improvement Plans/Drainage Report (Placer County) 
 Building Permit (Placer County) 

Other potential permits and/or approvals that may be required for development of the proposed project 
include, but are not limited to, the following: 

 Authority to Construct/Permit to Operate (PCAPCD) 
 Encroachment Permit (Placer County) 
 Sewer and Water Connection Permits (TCPUD) 
 Construction/Industrial Storm Water Permit (Lahontan Regional Water Quality Control Board) 
 Fire Protection Agency Pre-Approval (Truckee Fire Protection District) 

The project is also required to comply with the existing Solid Waste Facilities Permit for the Eastern Regional 
MRF and Transfer Station, or seek amendments thereto, and any applicable greenwaste and composting 
regulations administered by the California Department of Resources Recycling and Recovery’s (CalRecycle) solid 
waste local enforcement agency (LEA). While the issuance of these permits and/or approvals is not contingent 
upon EIR certification, the applicable permitting agencies may review information contained in the EIR as part of 
the approval process. 
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PROBABLE ENVIRONMENTAL EFFECTS 

This section provides a brief discussion of the probable environmental effects associated with the proposed 
project. For any potentially significant effects that are identified, mitigation measures will be recommended.  

The following subject areas will be analyzed in the EIR:  

LAND USE AND PLANNING 

Land use impacts to be addressed in the EIR include changes to on-site land uses, compatibility with surrounding 
land uses, and General Plan consistency. 

AIR QUALITY, GREENHOUSE GAS EMISSIONS (GHG), AND CLIMATE CHANGE 

The proposed project would result in short-term construction emissions, long-term operational emissions, and 
cumulative air quality changes. The proposed project will be designed to comply with all federal, state, and 
PCAPCD laws, regulations, and rules pertaining to air quality. Specifically, the proposed power generating facility 
would be subject to the following PCAPCD rules: PCAPCD Rules 242 (Stationary Internal Combustion Engines) for 
the gasification technology and 502 (New Source Review), among others. The EIR will identify nearby sensitive 
receptors; discuss potential emissions of odors and/or hazardous air pollutants generated by stationary, mobile, 
and area sources; discuss compliance with applicable rules; include a general conformity applicability discussion; 
and determine the significance of air quality impacts in comparison with applicable local, state, and federal 
standards and significance thresholds and by PCAPCD-adopted emissions limits.  

The air quality analysis will quantify existing emissions resulting from current  biomass material treatment 
practices (i.e. biodegradation, open burning), and will compare those emissions with the project’s  treatment of 
the same quantity of biomass material (controlled emissions of the power generating facility coupled with 
emissions from transporting materials to the facility). The analysis will include a discussion of the potential 
health risks associated with locating a small-scale power plant in proximity to nearby sensitive receptors, which 
includes preparation of a Health Risk Assessment (HRA) that identifies potential impacts to nearby sensitive 
receptors.  

The EIR will include an analysis of potential project effects on global climate change. This analysis will include a 
quantitative estimate of operational carbon dioxide emissions, as well as potential regional reductions, from 
both stationary and mobile sources (e.g., truck trips related to materials transport). The analysis will determine 
whether the project would result in a “net loss” or “net gain” in carbon dioxide. Carbon dioxide will be used as a 
proxy for all greenhouse gases potentially emitted during operation of the proposed project. The EIR analysis 
will also address the avoidance of GHG emissions from alternative fates (e.g., biodegradation, open burning of 
the biomass wastes).  

NOISE 

The project would generate noise from truck trips and on-site power generating and material handling activities. 
The EIR will assess potential short-term (i.e., construction) noise impacts relative to sensitive receptors and their 
potential exposure. Noise levels of specific construction equipment will be determined based on published 
resources and a list of construction equipment likely to be used during project construction. The resultant noise 
levels at nearby receptors (at given distances from the source) will be calculated. Long-term (i.e., operational) 
noise impacts, including increased noise from mobile (primarily truck traffic) and stationary (power generating 
equipment, and on-site equipment and truck operation) sources will be assessed. Given that the site would 
operate 24 hours per day, the ability of the project to meet established community noise equivalent level (CNEL) 
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standards, as well as daytime and nighttime hourly Leq and Lmax noise performance standards at the property line 
of noise-sensitive receiving uses, and the need for noise mitigation measures will also be assessed.  

HYDROLOGY AND WATER QUALITY 

Construction of the proposed project would require ground disturbance, which could result in short-term 
increases in sediment load. Both construction and operational impacts will be identified and analyzed in the EIR. 
This will include non-point pollution sources from the project, potential contaminants, proposed source control 
methods, and proposed best management practices (BMPs) to address potential impacts to water quality. 
Construction of the project has the potential to increase peak flow surface runoff downstream of the project site 
and overflow the actual or designed capacity of existing storm water facilities. The EIR will evaluate this impact 
as well as impacts to the existing drainage pattern of the site and area.  

GEOLOGY AND SOILS 

The project would require grading and alteration of the existing site topography to accommodate project 
buildings, material storage, and on-site circulation and parking areas. Minor off-site (but within the limits of the 
Eastern Regional MRF and Transfer Station site) grading may be necessary to accommodate utility (e.g., sewer, 
water, or natural gas) connections to the site. The EIR will include a general discussion of topographic alteration, 
slope stability, and erosion potential. In addition, the EIR will evaluate the potential for unstable cut and fill 
slopes; collapsible and expansive soil; erosion of graded areas; geologic/geomorphological hazards (e.g., 
avalanche, earthquake, landslides, mudslides, ground failure, subsidence, and liquefaction); unprotected 
drainage ways, and the potential for exposure to contaminated soils.  

HAZARDS AND HAZARDOUS MATERIALS 

The proposed project would involve the transportation of hazardous materials (e.g., fuel, paint) to the project 
site for construction purposes. The potential for these materials to be released to the environment will be 
evaluated. Historical uses and the potential for site contamination will be documented in the EIR to the extent 
that information is available, and areas of potential soil or groundwater contamination on the project site or 
surrounding property will be investigated. The site is down slope and setback from the closed landfill area.  The 
risk of migrating landfill gas will also be evaluated. Small amounts of hazardous materials (e.g., 250-gallon diesel 
fuel tank) would be stored at the site.  A urea reagent and propane tank may also be stored at the site. This 
analysis will also address potential fire hazard risks at the site associated with storage of woody biomass 
feedstock materials and facility operation, as well as effects on fire protection services.  

TRANSPORTATION, CIRCULATION, AND PARKING 

The proposed project would generate short-term, construction-related traffic. Long-term traffic related to 
employee trips and truck trips associated with biomass material brought to the site and removal of biochar 
generated at the site will also be discussed. The transportation analysis will include identification of major 
roadways that may be affected by the proposed project, a discussion of traffic volumes and vehicle mix on those 
roadways and their overall operating conditions, on-site and off-site circulation and turning movements, and 
potential impacts to traffic flow, safety, and road wear.  

PUBLIC SERVICES AND UTILITIES 

The proposed project would increase the demand for public services. The EIR will assess the degree to which 
affected public service providers can adequately serve the project. Water supply and sanitary sewer disposal 
demands will be quantified for the project to verify adequate utility system capacities and evaluate the effect of 
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development on current service levels. Additional resources required to maintain or meet project demands will 
be identified. 

BIOLOGICAL RESOURCES (VEGETATION AND WILDLIFE) 

The potential for special-status plants or wildlife to occur will be assessed based on habitat available on the site. 
In addition, the potential for wetlands, riparian habitat, and other sensitive habitats to occur on site will be 
discussed. The EIR will consider the effects of tree removal as it relates to habitat loss. Impacts to native 
vegetation and wildlife will be described based on the proposed site development. The analysis will also 
generally discuss the types of impacts at fuel source areas and the extent in which those impacts have previously 
been evaluated under separate environmental review. 

AESTHETICS 

The project would be located in a remote area at a site that is already disturbed and used for similar industrial 
purposes. The EIR will evaluate whether the proposed project, including visible water vapor plumes (under 
certain conditions, such as at lower outdoor temperatures) generated by the project, will be visible from SR 89 
or other scenic vistas, viewpoints, or resources. The potential impacts from construction and operation of the 
proposed project will be evaluated in the EIR.  

CULTURAL RESOURCES 

The EIR will provide an overview of the project area prehistory, history, study methodology, a discussion of 
documented cultural resources, the potential impacts to these and unrecorded sites, features or objects, and 
suitable measures designed to mitigate project-related impacts.   

CUMULATIVE IMPACTS AND INDIRECT EFFECTS  

The EIR will identify reasonably anticipated projects likely to occur in the project area, including any remaining 
components of the 2001 Eastern Regional Landfill Master Plan that have not been implemented, as well as 
growth contemplated in the Placer County General Plan and that may result in cumulative impacts when 
combined with the proposed project. Cumulative impact findings will be made for each of the resource areas 
described above. 

The cumulative impacts and indirect effects section will also include an analysis of the cumulative demand (e.g., 
other existing and planned biomass power plants) for biomass resources in the region, the effect on forest 
practices, and the sustainability of forest resources over the long-term.  

GROWTH-INDUCEMENT 

The proposed project would increase the number of jobs available in the region on a temporary basis during 
construction and on a long-term basis. By providing additional power generating capacity in eastern Placer 
County, the project could directly add an increment of growth. The EIR will summarize the employment 
projection for the proposed project and the resultant potential for growth.  

In addition to the resource topics described above, the EIR will also evaluate whether the proposed project 
would result in impacts to agricultural, mineral resources, recreation, and population and housing.  
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ALTERNATIVES 

The EIR will likely consider the following three alternatives to the proposed project: 

1. No-Project Alternative (required by CEQA): The existing condition at the time this NOP was published 
(November 2011), as well as what would be reasonably expected to occur in the foreseeable future if 
the proposed project were not approved. 
 

2. Alternative Technology: An alternative employing direct combustion technology that would be 
constructed at the same location as the proposed project (i.e., at the Eastern Regional Materials 
Recovery Facility and Transfer Station). The building footprints and site improvements for this 
alternative would generally be the same as the proposed project, except that this alternative would 
require a small cooling tower and other appurtenant structures to be located outside the building 
footprints (which is not a component of the proposed project). 
 
In direct combustion systems, the biomass fuel is directly burned (combusted) in a furnace or 
combustion unit under controlled conditions to minimize emissions and then supplies heat generated to 
a boiler. The boiler then creates steam for powering the electric generator. Nearly all commercial 
biomass power applications today use direct combustion boiler systems in conjunction with a steam 
turbine to generate electricity. Direct combustion also produces ash (about three to five percent of total 
forest-sourced woody biomass used) that remains as a powdery solid and must be disposed of or may 
be used for other products such as a soil amendment or concrete amendment. Direct combustion 
technology is not as efficient as gasification technology, and so this alternative would require additional 
woody biomass fuel to generate the same amount of energy as a gasification facility. The additional 
woody biomass fuel that would be required for a direct combustion system would result in a 
corresponding increase in truck trips and associated air emissions relative to a gasification system. 
 

3. Alternative Site: An alternative that would include the same components as the proposed project, 
located at a different site within the Eastern Regional MRF and Transfer Station Property. This 
alternative site would be on the west side of the internal haul road at an undeveloped midpoint location 
between the existing MRF building and wood and inert material processing area (see Exhibit 3). 

The EIR will also discuss other off-site locations considered by Placer County but dismissed from further 
evaluation. 
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CDRA PROJECT REVIEW 

Cabin Creek Biomass Facility Project (PCPJ 20110376) 
 

I have reviewed the Notice of Preparation for the Cabin Creek Biomass Facility Project and 
have researched maps and documents pertaining to the project site at our Archives and 
Research Center.  While I was unable to uncover any details or information that might point to 
the potential existence of historic resources within the area of potential effects, I have the 
following recommendations based on the fact that there may be prehistoric resources and/or 
unknown historic resources: 
 
1.  A search should be conducted with the regional California Historical Resources Information 
Center to see if an archaeological survey was completed within the past ten years by a qualified 
archaeologist that encompassed the project area.   
 

• If no survey was completed within the past ten years, I recommend a full survey be 
conducted by a qualified archaeologist of the project site. 

 
• If a survey was completed in the past ten years and historic or prehistoric resources 

were recorded within or near the project area, I recommend a qualified archaeologist be 
hired to consult and perhaps resurvey the area. 

 
• If a survey was conducted and no potential historic or prehistoric resources were 

recorded, then no further survey will be required. 
 
2.  A policy should be created in case of the accidental discovery of human remains.  I have 
attached guidelines used by the county on page two and three that can be used as a model. 
 
3.  A policy should be created in case of accidental discovery of historic or prehistoric artifacts.  
The policy should include work stoppage, consultation with a qualified archaeologist, a 
representative from the Placer County Museums and a representative from the Washoe Tribe 
of California and Nevada (if prehistoric). 
 
   
If you have any questions or need further information please feel free to contact me at: 

530-889-6502 or rgibson@placer.ca.gov 

   

Placer County 
Museums Division 

mailto:rgibson@placer.ca.gov�
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Guidelines for human remains and burials on private property: 
 
The following information was received from the California Office of Historic Preservation 
regarding burials on private property.   
 

• In accordance with the California State Health and Safety Code 7050.5, anyone who 
knowingly disturbs, mutilates, or disinters human remains is guilty of a misdemeanor.   

 
• If human remains are discovered incidentally, the County Coroner must be contacted. 

 
• If the County Coroner determines the remains are Native American, the coroner is 

required by law to contact the Native American Heritage Commission within 24 hours. 
The Native American Heritage Commission will then assist the property owner with 
developing an agreement with the appropriate Native American group. 

 
• If the property owner wishes to relocate an historic burial (non-Native American), they 

must first notify the County Coroner.  Second, they must file a notice of intent to relocate 
the remains with the California Superior Court.  The remains are to be relocated to a 
dedicated cemetery at the property owner’s expense. 

 
• If the property owner wishes to relocate Native American remains, they must first contact 

the County Coroner.  Once the coroner determines the remains are in fact Native 
American, they will contact the Native American Heritage Commission.  The Native 
American Heritage Commission will then assist the property owner with developing an 
agreement with the appropriate Native American group for treating or disposing, with 
appropriate dignity, of the human remains and any items associated with Native 
American burials. 

 
 
The Office of Historic Preservation, California Department of Parks and Recreation 
1416 9th St. 
Room 1442-7 
Sacramento, CA 94296-0001 
(916)  653-6624 
 
Contact Person: Susan Stratton, Senior State Archaeologist 
 
 

 Placer County  
Museums Division 
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The Native American Heritage Commission 
915 Capitol Mall, Room 364  
Sacramento, CA 95814  
(916) 653-4082 
 
 
Relevant State Codes: 
 
7050.5.  (a) Every person who knowingly mutilates or disinters, 
wantonly disturbs, or willfully removes any human remains in or from 
any location other than a dedicated cemetery without authority of law 
is guilty of a misdemeanor, except as provided in Section 5097.99 of 
the Public Resources Code.  The provisions of this subdivision shall 
not apply to any person carrying out an agreement developed pursuant 
to subdivision (l) of Section 5097.94 of the Public Resources Code 
or to any person authorized to implement Section 5097.98 of the 
Public Resources Code. 
 
 
5097.99.  (a) No person shall obtain or possess any Native American 
artifacts or human remains which are taken from a Native American 
grave or cairn on or after January 1, 1984, except as otherwise 
provided by law or in accordance with an agreement reached pursuant 
to subdivision (l) of Section 5097.94 or pursuant to Section 5097.98. 
 
5097.94. The Native American Heritage Commission shall have the following powers and 
duties: 
 
(k) To mediate, upon application of either of the parties, 
disputes arising between landowners and known descendents relating to 
the treatment and disposition of Native American human burials, 
skeletal remains, and items associated with Native American burials. 
 
   The agreements shall provide protection to Native American human 
burials and skeletal remains from vandalism and inadvertent 
destruction and provide for sensitive treatment and disposition of 
Native American burials, skeletal remains, and associated grave goods 
consistent with the planned use of, or the approved project on, the 
land. 
 
   (l) To assist interested landowners in developing agreements with 
appropriate Native American groups for treating or disposing, with 
appropriate dignity, of the human remains and any items associated 
with Native American burials.  
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Truckee Fire Protection District 
Proudly providing service to portions of both Nevada and  

Placer Counties and the Town of Truckee 
 

Fire Chief 
Robert W. Bena 

 

 
 
 
January 23, 2012 
 
 
Ms. Maywan Krach 
Placer County CDRA 
3091 Country Center Drive, Suite 190 
Auburn, Ca. 95603 
 
Re: Cabin Creek Biomass Facility 
 
Dear Ms. Krach, 
 
The Truckee Fire Protection District has reviewed the submitted information for the above 
referenced project, and the following improvements will be required. 
 
Hydrants and Fire Flow 
  1.   The installation of a minimum of 3 fire hydrants to be placed at our discretion. 

2. All hydrants shall be of the dry barrel type and be identified with an approved snow 
stake. 

3. If necessary hydrants shall be protected with bollards. 
4. Provide a minimum fire flow of 2250-gpm for a 2-hour duration plus required flow 

for sprinkler system with a minimum 20-psi residual. 
5. Hydrant system to be installed and serviceable prior to construction.  

 
Automatic Fire Sprinkler System 

1. The installation of an approved automatic fire sprinkler system will be required.  
2. The system shall be electrically supervised and remotely monitored for water flow 

and tamper at an approved central station. 
3. The TFPD will require input regarding the location of the FDC. 
4. Sprinkler systems shall comply with NFPA 13 requirements. 

 
Fire Alarm System 

1. Installation of an approved manual and automatic fire alarm system is required. 
2. System shall comply with NFPA 72 and California Fire Code requirements. 

 
 
 
 
 
 

  
 
Board of Directors  

Victor R. Hernandez 
Gerald W. Herrick 
Ronald E. Perea 
Robert E. Snyder 
Paul D. Wilford 
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Ms. Krach 
Biomass 
January 23, 2012 
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Roads and Driveways 

1. All roads and driveways shall be a minimum 24’ wide with an all weather surface 
that will support a 40,000 lb. vehicle. 

2. Driveways shall have a minimum unobstructed vertical clearance of 13’6’’. 
3. Access shall be approved once full drawings are submitted. 

 
Wildland Fire Protection 

1. Remove all flammable vegetation, which could pose a threat within 30’ of structures. 
 
Fire Extinguishers 

1. Fire extinguishers shall be placed per NFPA 10 standards. 
 
Fire Department Access and Safety 

1. The installation of Knox Box for fire department access is required. 
2. If the main electrical disconnect is in the interior of a building the installation of an 

electrical shunt trip will be required. 
 
Mitigation Fees 

1. Mitigation fees shall be paid at the applicable rate. 
2. Depending on the nature of the improvements, including the storage of the materials, 

the District reserves the right to impose a mitigation fee or require other financial 
consideration that may be necessary. 

 
Construction 

1. Construction shall comply with all current codes and local ordinances and National 
Standards. 

2. Full drawings shall be submitted to the TFPD for review prior to construction and 
there may additional requirements at that time. 

 
If you have any questions or need additional information, please contact me at 582-7853. 
 
Sincerely, 
 
Bob Bena 
 
Bob Bena,  FCFM 
 



 
PLACER COUNTY 
FLOOD CONTROL AND WATER CONSERVATION DISTRICT 

 
Ken Grehm, Executive Director 
Brian Keating, District Engineer 

Andrew Darrow, Development Coordinator 
 
 

 
3091 County Center Drive, Suite 220 / Auburn, CA 95603 / Tel: (530) 745-7541 / Fax: (530) 745-3531 

 
 
 
January 23, 2012 
 
 
Maywan Krach 
Placer County 
Community Development Resource Agency 
3091 County Center Drive 
Auburn, CA 95603 
 
RE: Cabin Creek Biomass Facility / NOP of an Environmental Impact Report 
 
Maywan: 
 
Regarding the preparation of an EIR for the subject project we have the following comments. 
 
The proposed facility has the potential to create increases in peak flow runoff downstream of the 
project site and overload the capacity of existing stormwater and flood-carrying facilities. 
 
As the Scope of Work states, future EIRs must specifically quantify the incremental effects of each of 
the above impacts due to the subject project and propose mitigation measures where appropriate. 
 
Please call me at (530) 745-7541 if you have any questions regarding these comments. 
 
 

 
 
Andrew Darrow, P.E., CFM 
Development Coordinator 
 
c:\documents and settings\mkrach\local settings\temporary internet files\content.outlook\doluwekr\cn12-04.docxx 
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January 9, 2012 
 
 
Ms. Maywan Krach 
Placer County Community Development Resource Agency 
3091  County Center Drive, Suite 190 
Auburn, California   95603 
 
 
Subject: State Clearinghouse (SCH) No. 2011122032 – Notice of Preparation (NOP)     

of a draft Environmental Impact Report (EIR) for the Cabin Creek Biomass 
Facility (CCBF) Project, for a gasification technology power plant to generate 
four megawatts of electricity, requiring the issuance of a Solid Waste Facility 
Permit (SWFP), Placer County. 

 
Dear Ms. Krach: 
 
CalRecycle staff (staff) appreciates the lead agency soliciting consultation during the early 
planning stages of this project proposal.  Staff would like to assist the lead agency further         
by offering CalRecycle staff to be made available for any additional meetings regarding           
the planning and development of the proposed project at the Eastern Regional Material  
Recovery Facility (MRF) and Transfer Station (TS), Solid Waste Facility Permit (SWFP)        
No. 31-AA- 0625. 
 
STATUTE AND REGULATIONS FOR PERMITTING A GASIFICATION FACILITY 
 
Regulatory Oversight for Gasification Technology Facilities 
 
The following Sections of the Public Resources Code (PRC) will apply to the permitting of the 
proposed CCBF: 
 
40194. "Solid waste facility" includes a solid waste transfer or processing station, a composting 
facility, a gasification facility, a transformation facility, and a disposal facility. 
 
44002.  (a) (1) No person shall operate a solid waste facility without a solid waste facilities 
permit if that facility is required to have a permit pursuant to this division. 
 
40191.  (a) Except as provided in subdivision (b), "solid waste" means all putrescible and 
nonputrescible solid, semisolid, and liquid wastes, including garbage, trash, refuse, paper, 
rubbish, ashes, industrial wastes, demolition and construction wastes, abandoned vehicles and 
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parts thereof, discarded home and industrial appliances, dewatered, treated, or chemically fixed 
sewage sludge which is not hazardous waste, manure, vegetable or animal solid and semisolid 
wastes, and other discarded solid and semisolid wastes. 
 
40117.  "Gasification" means a technology that uses a noncombustion thermal process to 
convert solid waste to a clean burning fuel for the purpose of generating electricity, and that, at 
minimum, meets all of the following criteria: 
   (a) The technology does not use air or oxygen in the conversion process, except ambient air to 
maintain temperature control. 
   (b) The technology produces no discharges of air contaminants or emissions, including 
greenhouse gases, as defined in subdivision (g) of Section 42801.1 of the Health and Safety 
Code. 
   (c) The technology produces no discharges to surface or groundwaters of the state. 
   (d) The technology produces no hazardous waste. 
   (e) To the maximum extent feasible, the technology removes all recyclable materials and 
marketable green waste compostable materials from the solid waste stream prior to the 
conversion process and the owner or operator of the facility certifies that those materials will be 
recycled or composted. 
   (f) The facility where the technology is used is in compliance with all applicable laws, 
regulations, and ordinances. 
   (g) The facility certifies to the board [CalRecycle] that any local agency sending solid waste to 
the facility is in compliance with this division and has reduced, recycled, or composted solid 
waste to the maximum extent feasible, and the board [CalRecycle] makes a finding that the local 
agency has diverted at least 30 percent of all solid waste through source reduction, recycling, and 
composting. 
 
40200.  (a) "Transfer or processing station" or "station" includes those facilities utilized to 
receive solid wastes, temporarily store, separate, convert, or otherwise process the materials in 
the solid wastes, or to transfer the solid wastes directly from smaller to larger vehicles for 
transport, and those facilities utilized for transformation. 
   (b) "Transfer or processing station" or "station" does not include any of the following: 
   (2) A facility, whose principal function is to receive, store, convert, or otherwise process 
wastes which have already been separated for reuse and are not intended for disposal. 
 
44001. Any person who proposes to become an operator of a solid waste facility shall file with 
the [local] enforcement agency having jurisdiction over the facility, or the board [CalRecycle] if 
there is no designated and certified [local] enforcement agency, an application for a solid waste 
facilities permit at least 150 days in advance of the date on which it is desired to commence 
operation, unless the enforcement agency issues a permit to the applicant to commence 
operations prior to that time. 
 
44150. (a) The enforcement agency shall not issue or revise a solid waste facilities permit for any 
proposed project which proposes to use transformation, as defined in Section 40201, unless the 
project complies with all of the following conditions:  
(1) The proposed project meets all of the requirements specified in this chapter.  
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(2) The proposed project is consistent with state solid waste management policy as set forth in 
Section 40051.  
(3) The proposed project has a defined source of waste, including waste available from existing 
solid waste transfer and processing stations.  
(4) The proposed project is guaranteed, by contract or other commitments, more than sufficient 
quantities of waste to maintain the project's economic feasibility for the life of the bonded 
indebtedness of the project. This guarantee shall not include any materials which will be recycled 
pursuant to paragraph (5).  
(5) The proposed project, and any contracts or commitments the project has entered into for the 
provision of waste, uses front-end recycling methods or programs to remove all recyclable 
materials from the waste stream prior to transformation to the maximum extent feasible.  
(6) If the proposed project is a thermal powerplant, the thermal powerplant has been specifically 
included in an adopted and approved revision of the countywide or regional agency integrated 
waste management plan prepared pursuant to Chapter 5 (commencing with Section 41750) of 
Part 2.  
(7) The ash or other residue generated from the transformation project is routinely tested at least 
once a month, and, notwithstanding Section 25143.5 of the Health and Safety Code, if hazardous 
wastes are present, the ash or residue is sent to a Class 1 hazardous waste disposal facility.  
(b) Facilities for the recovery of methane gas are not subject to this section. 
  
44151. Any solid waste facility, located outside of any city, shall be maintained in compliance 
with the flammable clearance provisions of Chapter 5 (commencing with Section 4371) of Part 2 
of Division 4. 44152. No enforcement agency shall issue or revise a permit for a solid waste 
facility which exclusively uses transformation until the board [CalRecycle] has concluded in 
writing that the proposed permit is consistent with the state's minimum standards for solid waste 
facilities. 

44016. (a) The enforcement agency may, in accordance with Chapter 4 (commencing with 
Section 44300) suspend or revoke the permit of any solid waste facility designed to convert solid 
waste from off-site sources into energy or synthetic fuels if the facility utilizes recyclable 
materials for conversion to energy and if the local agency in whose jurisdiction the materials are 
collected requires, by ordinance, contract, or otherwise, that recyclable materials within the 
jurisdiction of that local agency be converted into energy at that facility.  This subdivision does 
not otherwise restrict the ability of a solid waste facility to purchase, collect, transport, or process 
recyclable materials. 
 
Gasification 
 
Gasification is a separately defined type of solid waste facility.  Therefore, gasification of solid 
waste requires a SWFP.  The following statute only includes within its definition gasification 
facilities that handle solid waste. A facility that is “gasifying” material that has been separated 
for re-use or source separated would not meet the requirements of this section, would not be 
defined as a gasification facility and would instead be analyzed as a transfer/processing facility. 
If it met the “3-Part Test,” it would not require a SWFP. (i.e. the exception described below 
would apply to this proposal if all wood materials are separated from any municipal solid waste 
that may be contained therein). 
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What Is Excluded From the Permitting Requirements 
 
Transfer/processing sites that are only handling material that has been separated for reuse (or 
source separated) and not mixed waste to be disposed, would not be a solid waste facility and 
would not require a SWFP for transfer/processing . (However, if a site were handling 
compostable material it might still be regulated under those regulations located at 14 CCR 17850  
et seq. See Section 3.4 below) 
 
This exception would also apply to transformation facilities handling material that has been 
separated for reuse as it is included within the definition of transfer/processing. Some types of 
conversion technologies are considered transformation by statute and would also potentially be 
within this exception (see section 3.6 below). 
 
PRC 40200.  (a) "Transfer or processing station" or "station" includes those facilities utilized to 
receive solid wastes, temporarily store, separate, convert, or otherwise process the materials in 
the solid wastes, or to transfer the solid wastes directly from smaller to larger vehicles for 
transport, and those facilities utilized for transformation. 
   (b) "Transfer or processing station" or "station" does not include any of the following: … 
   (2) A facility, whose principal function is to receive, store, convert, or otherwise process 
wastes which have already been separated for reuse and are not intended for disposal. 
 
The “3-Part Test” 
 
The CIWMB has further refined this statutorily authorized exemption through its regulations 
with what is known as the “3-part test.” In order to qualify for this exclusion from the permitting 
requirements, (1) the site must be receiving material that has been source separated (by the 
generator) or separated for reuse (at a centralized facility – such as a MRF) prior to receipt at the 
site; (2) less than 1% of the material must be putrescible and not causing a nuisance; and, (3) less 
than 10% of the residual leaving the site is being sent to disposal. 
 
Facilities using gasification on non-separated waste (i.e. doesn’t meet the 3-part test) would 
require a SWFP as a gasification facility.  Gasification is expressly excluded from the definition 
of transformation. 
 
Title 14, California Code of Regulations Section 17402(d). A "Recycling Center" means a 
person or business entity that meets the requirements of this subdivision. A recycling center shall 
not be subject to the requirements of Articles 6.0, 6.1, 6.2, 6.3 and 6.35 of this Chapter. 
(1) A recycling center shall only receive material that has been separated for reuse prior to 
receipt.  
(2) The residual amount of solid waste in the separated for reuse material shall be less than 10% 
of the amount of separated for reuse material received by weight. 
(A) The residual amount is calculated by measuring the outgoing tonnage after separated for 
reuse materials have been removed. 
(B) The residual amount is calculated on a monthly basis based on the number of operating days. 
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(3) The amount of putrescible wastes in the separated for reuse material shall be less than 1% of 
the amount of separated for reuse material received by weight, and the putrescible wastes in the 
separated for reuse material shall not cause a nuisance, as determined by the EA. 
(A) The amount of putrescible wastes is calculated in percent as the weight of putrescible wastes 
divided by the total incoming weight of separated for reuse material. 
(B) The amount of putrescible wastes is calculated on a monthly basis based on the number of 
operating days. 
(4) The only separation that may occur at the recycling center is the sorting of materials that have 
been separated for reuse prior to receipt. 
 
The facility will be regulated as a Gasification Facility as defined in 14 CCR §18720(a)(77) for 
the ‘disposal’ (14 CCR §18720(a)(17) of biomass materials processed (ground and screened) at 
locations from which they are removed (such as U.S. Forest Service fuels reduction sites) and 
wood material that is already being processed at the Eastern Regional MRF/TS.  The local 
enforcement agency (LEA) together with the operator of the Eastern Regional MRF/TS will 
determine whether the gasification facility will require a full SWFP or a tiered permit to the 
Eastern Regional MRF/TS SWFP. 
 
Regulation for Postclosure Land Use within 1,000 Feet of a Former Disposal Area 
 
Please identify in the draft EIR whether the proposed facility is within the facility boundary of 
the Eastern Regional Landfill (SWFP #31-AA- 0560) or within the facility boundary of the 
Eastern Regional MRF (SWFP #31-AA- 0625).  If the proposed project is located within the 
boundary of the Eastern Regional Landfill the following regulations will apply: 
 
Title 27, California Code of Regulations (CCR), Section 21190 – Postclosure Land Use: 

(a) Proposed postclosure land uses shall be designed and maintained to: 
(3) prevent landfill gas explosions. 
(g) All on-site construction within 1,000 feet of the boundary of any disposal area shall be 
designed and constructed in accordance with the following, or in accordance with an equivalent 
design which will prevent gas migration into the building, unless an exemption has been issued: 
(1) a geomembrane or equivalent system with low permeability to landfill gas shall be installed 
between the concrete floor slab of the building and subgrade; 
(2) a permeable layer of open graded material of clean aggregate with a minimum thickness of 
12 inches shall be installed between the geomembrane and the subgrade or slab; 
(3) a geotextile filter shall be utilized to prevent the introduction of fines into the permeable 
layer; 
(4) perforated venting pipes shall be installed within the permeable layer, and shall be designed 
to operate without clogging; 
(5) the venting pipe shall be constructed with the ability to be connected to an induced draft 
exhaust system; 
(6) automatic methane gas sensors shall be installed within the permeable gas layer, and inside 
the building to trigger an audible alarm when methane gas concentrations are detected; and 
(7) periodic methane gas monitoring shall be conducted inside all buildings and underground 
utilities in accordance with Article 6, of Subchapter 4 of this chapter (§20920 et seq.). 
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You may contact Mike Wochnick, Senior Waste Management Engineer, Engineering Support 
Branch, Compliance and Enforcement Division, at (916) 341-6289, or e-mail at 
Michael.Wochnick@CalRecycle.ca.gov for technical assistance. 
 
CALRECYCLE STAFF IMPACT ASSESSMENT RECOMMENDATIONS 
 
Potentially Significant Environmental Impacts 
 
Permitting and Assistance Branch (Permits) staff have identified potentially significant project 
related impacts in the areas of Traffic, Air Quality (mobile source emissions), Global Climate 
Change/Warming, Health and Safety, and Noise.  Most potentially significant project related 
impacts may be reduced to less than significant levels by project features and designs and/or 
mitigation measures.  It may be determined in the draft EIR that one or more potentially 
significant environmental impacts cannot be avoided if the project is implemented and therefore 
would require a Written Statement of Overriding Considerations at the time of project approval. 
 
Cumulative Impacts 
 
It is important that the draft EIR address the cumulative impacts resulting from the individual/ 
proposed project(s) and the combined projects at the Eastern Regional MRF and Landfill as well 
as those incremental impacts resulting from the proposed project’s implementation. 
 
Acceptable Waste Materials 
 
Please indicate in the draft EIR details of all types of wastes and other materials, and their 
source, to be accepted as feedstocks for the gasification facility, as well as those types of wastes 
and other materials to be excluded.  Discuss load checking/screening procedures for feedstocks 
going directly to the gasification facility. 
 
Land Use Compatibility 
 
The draft EIR should identify the land uses surrounding the proposed CCBF along with a 
description of the density of the occupancy for commercial and residential areas nearby, if any.  
The draft EIR should be specific regarding the distance to the nearest sensitive receptor(s). 
 
The project’s surrounding land use must be designated as compatible with the proposed/current 
land uses at the project site. The local government, in whose jurisdiction the facilities will be 
located, must make a finding that the facility is consistent with the General Plan (Public 
Resources Code Section 50000) and is identified in the most recent County Integrated/Solid 
Waste Management Plan (Public Resources Code Section 50001). 
 
Earthquake Faulting and Seismic Stress 
 
Identify in the draft EIR any known earthquake faults in the vicinity of the proposed CCBF and 
the frequency of seismic activity as well as a range of most probable earthquake (MPE) 
magnitudes and maximum ground acceleration (MGA).  Please include a map of historic 
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epicenters within a radius of ten miles of the facility.  Describe how proposed CCBF structure(s) 
would be required to be in compliance with the Uniform Building Code. 
 
Traffic and Related Transportation System Impacts 
 
Please describe and discuss the construction related short-term traffic impacts, as well as all 
long-term traffic impacts related to the operation of the CCBF and issuance of a SWFP.  SWFPs 
are expected to analyze for projects projecting at least five years of activities that can be 
accommodated by the facility’s permit.  At the end of each five year period, the LEA will do a 
five-year permit review to determine whether the facility throughput can be accommodated by 
the existing permit.  Therefore, it would be helpful for CalRecycle’s project approval if the draft 
EIR analyzed the periods of the year that the maximum daily traffic and maximum daily tonnage 
throughput was expected to be accepted at the CCBF.  Please state in the draft EIR how many 
vehicles (two-way average daily trips (ADT)) it will take to bring materials/wood waste to the 
CCBF at the projected (five years) peak daily tonnage as well as the peak number of vehicles 
used to import additional materials for gasification. 
 
Describe where and how the CCBF feedstock materials will be received, processed, and stored 
for use in the gasification system.  Transportation off-site of the biochar for reuse, soil 
amendment, and/or disposal at a permitted landfill should also be included in the vehicular count 
for the proposed project.  Disposal or other delivery locations should be identified if known at 
this time, and the traffic impacts associated with long-hauling waste and other materials should 
be analyzed.  Discuss in detail the cumulative effect of traffic for the proposed project in the 
draft EIR that are in addition to the permitted traffic volumes for the Eastern Regional MRF/TS.  
The issuance of a SWFP will require that maximum daily tonnage and the corresponding 
maximum daily vehicle count be clearly stated and analyzed in the draft EIR.   On-site traffic 
circulation for the proposed project should also be discussed in detail and shown in the draft EIR 
using a facility site plan map.  
 
A traffic study may be required to determine whether the existing infrastructure can handle the 
projected vehicular movement, and whether improvements may be necessary to accommodate 
increased traffic; including the repair and maintenance of existing roads, additional lighting, turn 
lanes, and pedestrian walk-ways; as well as cumulative impacts on the circulation within the 
Eastern Regional MRF/TS and CCBF vicinity (i.e. ingress and egress).  The regional district of 
CalTrans should be contacted regarding potential issues related to an increase in traffic volumes 
around the proposed CCBF. 
 
Air Quality/Global Climate Change or Global Warming 
 
Local and regional impacts on air quality from construction and operational related vehicles, 
trucks, and on-site equipment emission sources used for facility operations on-site, respectively, 
should be analyzed in detail, including emissions from equipment handling waste materials and 
potential dust generation during operations at the CCBF.  Dust particulates (PM10) and ozone 
precursors may be of particular concern if the regional air basin is ‘non-attainment’ for PM10 and 
ozone precursors.  If the proposed project(s) are located within a 'non-attainment' air basin, 
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cumulative impacts affecting the projected federal ‘attainment’ dates may be significant and 
unavoidable.   
 
Mitigation measures, that should be implemented to address impacts for the proposed facility, 
should be incorporated into the draft EIR with a description of the 'attainment' plan for the air 
basin(s) air quality.  The direction of the prevailing winds should be identified in the draft EIR.  
The local Air Pollution Control District should be contacted regarding air pollution discharge 
permits (i.e. permit to construct), which may be required to ensure compliance with ambient air 
quality standards and impacts to Global Warming/Climate Change. 
 
Noise 
 
Activities associated with construction and operation of the Gasification Facility, including 
vehicular transport (off-site noise) of construction materials and wood waste materials should be 
analyzed in detail in the draft EIR.  The noise from operation of the Gasification Facility and 
new equipment should also be analyzed if new equipment will be purchased specifically for 
operation of the CCBF.  A noise study may be necessary if local receptors are close enough to 
the project site to be impacted, and should be included in the draft EIR.  Appropriate noise-
attenuating mitigation measures, which can be implemented to reduce noise levels, should be 
incorporated into the draft EIR. 
 
Surface Drainage 
 
The draft EIR should include a drainage plan, which identifies the paved and exposed surfaces 
where the project’s proposed operations are planned to take place.  The plan should identify 
surface water runoff, including, but not limited to creeks, rivers, and/or diversion channels in 
areas on, and adjacent to, the project area.  Indicate on a map drawn to scale the location of all 
project components to be carried out within the boundary of the CCBF site at the Eastern 
Regional MRF/TS.  Identify on this map any diversion berm(s) that will redirect flow away 
from/around the proposed operations and any drainage basins to keep drainage on-site.  Will the 
proposed/existing drainage facilities be able to handle a 100-year, 24-hour storm event?  
CalRecycle staff recommends that the Regional Water Quality Control Board (RWQCB) be 
contacted to determine if a Report of Waste Discharge (ROWD) or a National Pollution 
Discharge Elimination System (NPDES) permit is required for the proposed CCBF facility. 
 
Risk of Upset/Human Health 
 
In the event of an accident, explosion, fire, or the release of hazardous substances due to upset 
conditions or mechanical malfunctions at the proposed CCBF, an Emergency Response 
Preparedness Plan should be prepared and available at the proposed CCBF facility.  Personnel 
should be properly trained to handle emergency situations, including identification, location and 
use of fire suppression equipment, procedures for evacuation of the premises, and noticing for 
contacting the appropriate authorities in the event of such an occurrence. What is the response 
time for the nearest City/County Fire Department location?  CalRecycle staff request that such a 
plan be briefly described or referenced in the draft EIR with the appropriate mitigation measures 
in the event of such an occurrence. 
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Please include in the draft EIR a map drawn to scale with a description of the security on and 
around the proposed CCBF location, including fencing, lighting, gates and access roads. 
 
Please be aware that the 8 CCR §3203 requires all employers in the State to implement and 
maintain an effective Injury Prevention Program (IPP).  The Labor and Penal Codes have been 
amended to provide administrative, civil, and criminal penalties for failure to comply and/or for 
injuries or deaths occurring due to the absence of an effective IPP. 
 
Maps and Drawings 
 
In the draft EIR please provide accurate and to-scale maps and drawings delineating the different 
areas of the CCBF property showing a north arrow on the site plan and indicating areas for 
tipping, processing, storage, etc.  Maps and diagrams must clearly indicate traffic flow patterns 
on the facility site, local and surrounding land use zoning together with land uses within 
approximately 1000 feet from the perimeter boundary of the proposed CCBF. 
 
Mitigation Reporting or Monitoring Program (MRMP) 
 
As required by PRC §21081.6, the lead agency should submit a MRMP at the time of local 
certification of the EIR.  This program should identify the environmental impacts associated with 
the proposed project, identify mitigation measures to reduce impacts to a less than significant 
level, identify persons and/or agencies responsible for ensuring the implementation of the 
proposed mitigations are successful, and specify a monitoring/tracking mechanism.  PRC 
§21080(c)(2) requires that mitigation measures "...avoid the effects or mitigate the effects to the 
point where clearly no significant effects on the environment would occur."  The MRMP is 
required to be completed as a condition of project approval.  PRC §21081.6(b) requires that "A 
public agency shall provide the measures to mitigate or avoid significant effects on the 
environment are fully enforceable through permit conditions, agreements, or other measures." 
 
CONCLUSION 
 
Thank you for the opportunity to comment on the NOP for the proposed Cabin Creek Biomass 
Facility Project in the early planning stages.  In accordance with PRC §21092.5(b), CalRecycle 
requests that staff be noticed of any future hearings on the proposed project if they are scheduled, 
and of the date, time and location of the hearing(s) to consider any further environmental 
documents.  CalRecycle staff are available for any planned scoping meetings, workshops or 
other public meetings upon your written request at least ten days in advance. 
 
Please note that correspondence for staff of CalRecycle’s Permits and Certification Division 
should continue to be sent to 1001 I Street, P.O. Box 4025, Sacramento, CA 95812. 
Correspondence specifically for the attention of the Director of CalRecycle should be sent to the 
address in the letterhead at the top of this letter. 
 
If you have any questions regarding these comments, please contact me at (916) 341-6327, 
facsimile at (916) 319-7213, or e-mail me at john.loane@CalRecycle.ca.gov. 
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Sincerely, 
 
Original Signed by: 
 
John Loane, Integrated Waste Management Specialist (IWMS) 
Permitting and Assistance Branch 
Permits and Certification Division 
Waste Permitting, Compliance, and Mitigation Division 
CALIFORNIA DEPARTMENT OF RESOURCES RECYCLING AND RECOVERY 
 
 
cc: State Clearinghouse 

Office of Planning and Research 
P.O.  Box 3044 
Sacramento, CA   95812-3044 
 
Kevin Taylor, Branch Manager – North Region 
Permitting and Assistance Branch 
Permits and Certification Division 
Waste Permitting, Compliance, and Mitigation Division 
CalRecycle 
 
Virginia Lineberry, Supervisor 
Debbie Kirschman, LEA 
Dave Altman, LEA 
County of Placer 
Department of Health & Human Services 
Environmental Health Services 
3091 County Center Drive, Suite 180 
Auburn, CA 95603 
Phone: 530-745-2300 
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January 23, 2012 

Via e-mail: cdraecs@placer.ca.gov 

Maywan Krach 
Community Development Technician 
Placer County Community Development Resource Agency 
Environmental Coordination Services 
3091 County Center Drive, Suite 190 
Auburn, CA 95603 
 
Re: Notice of Preparation (NOP) of an Environmental Impact Report (EIR) for 

the Cabin Creek Biomass Facility Project (Placer County, California) 

Dear Ms. Krach: 

The Center for Biological Diversity (“Center”) submits the following comments 
on the Notice of Preparation (“NOP”) for an Environmental Impact 
Statement/Environmental Impact Report (“EIR”) for the above-referenced Cabin Creek 
Biomass Facility (the “Project”).  As with the previous iteration of this Project—the Lake 
Tahoe Basin Biomass Energy Facility Project previously proposed for Kings Beach—we 
appreciate Placer County’s apparent recognition that this Project’s environmental impacts 
also are likely to be significant and that the County therefore must prepare an EIR under 
the California Environmental Quality Act (“CEQA”).   

The NOP and Project Information (“PI”) document prepared for this Project are 
similar to those prepared for the Kings Beach project.  The Center submitted comments 
on the NOP and PI for the Kings Beach project on August 19, 2010.1  Many of those 
prior comments—particularly including but not limited to comments related to the 
standards for a legally adequate EIR, the lack of an initial study and the resulting 
deficiencies of the NOP and PI document, the proper methods for calculating and 
evaluating the significance of greenhouse gas emissions, the significance of the timing of 
project emissions relative to the need for dramatic short-term global greenhouse gas 
reductions, legal and factual issues related to purported “avoided emissions” from the 
“alternative fates” of biomass fuels, and potential changes in forest management—apply 
equally to the NOP and PI for the Cabin Creek Project.  Accordingly, our comments on 
the Kings Beach project and all attachments thereto are hereby incorporated by reference.  
Please include those comments and attachments in the administrative record of 
proceedings for the Cabin Creek Project. 

                                                 
1 For your convenience, an electronic copy of our prior comments and all referenced 
exhibits will be provided via email in conjunction with this letter. 
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The comments below address additional issues specific to the preparation of an 
EIR for this Project.  This is not meant to serve as an exclusive list of issues for the 
County’s consideration in preparing the EIR, but rather simply to identify certain areas of 
concern. 

Effects on Forest Management 
• Support of forest management activities, including forest thinning and fuels reduction, 
is one of the stated objectives of the Project and the County’s biomass plan.  The EIR 
therefore should evaluate all potential changes in forest management that may be 
reasonably foreseeable as a result of this Project, and all potential environmental impacts 
resulting from those changes.  
• In particular, the EIR should disclose and evaluate whether locating a biomass facility 
closer to the Tahoe Basin will make thinning operations and fuel reduction treatments 
more cost-effective, and therefore more numerous or extensive, than they are currently. 
• The EIR should analyze the potential indirect effects of shifts in demand resulting from 
diversion to the Project of materials currently used for fuel at other biomass plants and 
for ski slope stabilization.  Where will those materials come from if wood currently 
processed at the transfer facility is sent to the Project for combustion, and what will be 
the environmental effect of that shift in sourcing? 
 
Evaluation of Greenhouse Gas Emissions 
• In light of the substantial legal and factual problems (identified in our comments on the 
Kings Beach project) with calculating “net” emissions based on “alternative fates” of 
biomass fuels, the EIR should determine the significance of direct greenhouse gas 
emissions on a mass basis as measured at the stack.  The PI for this Project anticipates 
that the facility will burn 14,000-17,000 bone dry tons of wood per year.  PI at 9.  Using 
the emissions factor of 1.906 tons CO2 per ton of wood fuel cited in our prior comments, 
this would yield 26,684-32,402 tons per year of CO2.  Mass emissions from this facility 
thus are likely to be significant when measured against the various proposed thresholds 
identified in our prior comments on the Kings Beach project.  The EIR should therefore 
identify and analyze potentially feasible mitigation measures and alternatives that could 
ameliorate this impact. 
 
Other Issues 
• The EIR should clearly describe the proposed gasification technology.  Because the 
choice of technology will affect how much wood is consumed, this choice cannot be 
deferred until after Project approval (as the PI at 7 suggests). 
• The EIR should discuss the characteristics of and any potential hazards associated with 
biochar production, disposal and/or use. 
• The EIR should demonstrate an adequate water supply for the Project. 
• The EIR should disclose and analyze the characteristics and effects of any wastewater 
pre-treatment deemed necessary before wastewater can be discharged into the municipal 
sewer system. 
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Thank you very much for the opportunity to comment on the NOP for this 
Project.  Please feel free to contact me at (415) 436-9683 x313 or 
kbundy@biologicaldiversity.org with any questions. 

Sincerely, 

 
Kevin P. Bundy 
Senior Attorney 
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August 19, 2010 

Via email: cdraecs@placer.ca.gov 

Maywan Krach 
Community Development Technician 
Placer County Community Development Resource Agency 
Environmental Coordination Services 
3091 County Center Drive, Suite 190 
Auburn, CA 95603 
 
Re: Notice of Preparation: Draft Environmental Impact Statement/ 

Environmental Impact Report for the Lake Tahoe Basin Biomass Energy 
Facility (PEIR T20100194/ERSP2010-0837) 

Dear Ms. Krach: 

The Center for Biological Diversity (“Center”) submits the following comments 
on the Notice of Preparation (“NOP”) for an Environmental Impact 
Statement/Environmental Impact Report (“EIR”) for the above-referenced Lake Tahoe 
Basin Biomass Energy Facility (the “Project”).  The Center is a non-profit environmental 
organization dedicated to the protection of imperiled species, their habitats, and the 
environment through science, policy, and environmental law.  The Center has over 
255,000 members and online activists throughout the United States.  The goal of the 
Center’s Climate Law Institute is to reduce U.S. greenhouse gas emissions and other air 
pollution to protect biological diversity, the environment, and public health.  Specific 
objectives include securing protections for species threatened by the impacts of global 
warming, ensuring compliance with applicable law in order to reduce greenhouse gas 
emissions and other air pollution, and educating and mobilizing the public on global 
warming and air quality issues.  The greenhouse gas emissions and forest ecology 
impacts associated with recent efforts to expand biomass energy generation in California 
and throughout the United States are currently of great concern to the organization and 
many of its members. 

We appreciate Placer County’s apparent recognition that the Project’s 
environmental impacts are likely significant and that the County therefore must prepare 
an EIR under the California Environmental Quality Act (“CEQA”). 1  Our comments 
primarily address the adequacy of the NOP, the standards for preparation of a legally 

                                                 
1 Hereafter, citations to “CEQA” are to the Public Resources Code, section 21000 et seq.  
Citations to the “CEQA Guidelines” are to title 14, California Code of Regulations, 
section 15000 et seq. 
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adequate EIR for the Project, and several potentially significant Project impacts that must 
be considered in the EIR.   

I. The NOP Provides Insufficient Information for Responsible Agencies and the 
Public to Respond Meaningfully. 

CEQA establishes specific requirements for a NOP.  The NOP must “provide the 
responsible and trustee agencies and the Office of Planning and Research with sufficient 
information describing the project and the potential environmental effects to enable the 
responsible agencies to make a meaningful response.”  CEQA Guidelines § 15082(a)(1).  
At a minimum, the NOP must include a “[d]escription of the project,” its location, and its 
“[p]robable environmental effects . . . .”  CEQA Guidelines § 15082 (a)(1)(A), (B), (C).  
The lead agency also must consult the lists of hazardous sites compiled pursuant to 
section 65962.5 of the Government Code, and must determine whether the project is 
located on a site included on any list.  The lead agency must specify the list and the 
information required under Government Code section 65962.5(f) in both the NOP and 
EIR.  Pub. Res. Code § 21092.6(a). 

Generally a lead agency prepares an Initial Study to determine whether a project 
may have a significant impact on the environment.  If the lead agency can determine that 
an EIR “will clearly be required for the project,” an Initial Study is not mandatory, but 
may still be “desirable.”  CEQA Guidelines § 15063(a).  An Initial Study serves several 
purposes central to CEQA’s goals, such as focusing an EIR’s analysis on effects 
determined to be significant, providing an explanation for why particular environmental 
effects may or may not be considered significant, and discussing potential ways to 
mitigate any significant effects identified.  See CEQA Guidelines § 15063(c), (d).  
Agencies generally rely on the checklist provided in Appendix G to the CEQA 
Guidelines in preparing an Initial Study. 

It is not clear whether Placer County decided to prepare an Initial Study for this 
Project.  No Initial Study was attached to the NOP or made available on the Placer 
County website.  It could be that Placer County concluded that an EIR “will clearly be 
required” for the Project and decided not to prepare an Initial Study.  Although the 
“Project Information” (“PI”) document attached to the NOP contains a brief discussion of 
the Project’s potential environmental impacts, it does not discuss all of the impacts that 
normally would be considered in an Initial Study or in the Appendix G checklist.  As a 
result, the NOP does not provide an adequate explanation or evidentiary basis for 
dismissing particular impacts as less than significant; accordingly, all of the Project’s 
impacts, as well as feasible mitigation measures and alternatives that may lessen or avoid 
those impacts, must be described in detail in the EIR for this Project, along with the basis 
for any conclusion regarding the significance of those impacts.  The NOP also fails to 
provide the hazardous site disclosures required under Government Code section 
65962.5(f) and Public Resources Code section 21092.6(a).   



Ms. Maywan Krach 
Re: Notice of Preparation (Lake Tahoe Basin Biomass Energy Facility) 
August 19, 2010 
 

3 

II. The County Must Prepare an EIR that Discloses and Analyzes All of the 
Project’s Potentially Significant Environmental Impacts. 

A. Legal Standards for the Adequacy of an EIR. 

An EIR is “the heart of CEQA.”  Laurel Heights Improvement Assn. v. Regents of 
the Univ. of Cal., 47 Cal. 3d 376, 392 (1988) (“Laurel Heights I”) (quoting County of 
Inyo v. Yorty, 32 Cal. App. 3d 795, 810 (1973)); see also CEQA Guidelines § 15003(a).  
The EIR serves as an “environmental alarm bell” whose purpose is to alert decision-
makers and the public to the environmental consequences of projects “before they have 
reached ecological points of no return.”  Laurel Heights I at 392 (internal quotations 
omitted). 

The County must make a good-faith effort in the EIR to disclose and analyze all 
that it reasonably can about the impacts of the Project.  See CEQA Guidelines § 15144.  
The EIR must contain sufficient analysis to provide decision-makers and the public with 
enough information to make a decision that “intelligently takes account of environmental 
consequences.”  CEQA Guidelines § 15151.  To this end, the County must disclose and 
consider the environmental impacts of all phases of the Project, including both direct and 
indirect effects and any growth-inducing effects.  CEQA Guidelines §§ 15126, 15126.2.  
The County must propose potentially feasible mitigation measures and alternatives that 
may avoid or lessen the significant impacts of the Project.  CEQA Guidelines §§ 
15126(e), (f), 15126.4, 15126.6.  In addition, the County must consider the cumulative 
impacts of the project in conjunction with other past, present, and reasonably foreseeable 
future projects.  CEQA Guidelines § 15130. 

B. Comments Regarding Specific Impacts. 

The following comments regarding analysis of specific Project impacts are 
illustrative and are not intended to be exhaustive.  Under CEQA, it remains the County’s 
responsibility to prepare an EIR that discloses and documents all of the Project’s impacts.  
The Center reserves the right to review the draft EIR and to provide additional comments 
concerning issue areas and impacts not discussed here. 

In evaluating each of the Project’s impacts, the County must keep in mind as a 
general matter that construction and operation of a biomass energy facility will affect the 
environment both locally and throughout the area from which fuels may be supplied.  
This will result in a number of direct and indirect impacts stemming from changes in 
landscapes and land management strategies in response to the availability of a local 
market for biomass fuels.  Alterations in the physical environment induced by the Project 
may include, but are not necessarily limited to the following: impacts associated with the 
production, processing, and transportation of fuels; changes in behavior and management 
strategy on the part of waste disposal organizations (including government agencies), 
agricultural landowners, and forest managers; changes in landfill operations; and any 
other reasonably foreseeable indirect impacts of the Project.  These impacts must be 
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evaluated under CEQA.  See, e.g., County Sanitation Dist. No. 2 v. County of Kern, 127 
Cal. App. 4th 1544, 1582-98 (2005). 

1. Greenhouse Gas Emissions 

Recent revisions to the CEQA Guidelines require that the County make a good-
faith effort to “describe, calculate or estimate” the Project’s greenhouse gas emissions.  
CEQA Guidelines § 15064.4(a).  Where possible, the County should endeavor to quantify 
those emissions using a sound methodology.  The NOP states that the County will 
develop a quantitative estimate of the Project’s emissions.  PI at 13.  The EIR should set 
forth both the estimate and a detailed account of the model or methodology used in 
deriving it.  See CEQA Guidelines § 15064.4(a)(1). 

The only scientifically defensible approach to a greenhouse gas analysis in an EIR 
for this Project is to begin with smokestack emissions.2  Even from the limited 
information in the NOP, it appears that the Project’s direct greenhouse gas emissions will 
be significant.  According to the NOP, the facility will burn 8,000 bone dry tons (“bdt”) 
of fuel per megawatt of capacity each year (i.e., 8,000-24,000 tons per year for a 1-3 MW 
facility).3  According to emissions factors developed by the Energy Information 
Administration, the burning of wood and wood waste releases 3,812 pounds (1.906 tons) 
of CO2 per short tone of fuel burned.4  This translates into direct combustion-related CO2 
emissions of 15,248-45,744 tons per year.  Greenhouse gas emissions from haul truck 
trips (including trips to and from forest biomass collection sites, the Cabin Creek 
processing site, the energy facility, and any ash disposal site) must be quantified and 
included in the total as well.  These emissions would be considered significant under a 
number of proposed and adopted greenhouse gas emission thresholds. 5 

                                                 
2 See T. Searchinger, et al., Fixing a Critical Climate Accounting Error, 326 SCIENCE 527 
(2009) (attached as Ex. 1). 
3 The EIR must disclose the justification for this estimate, which appears to be relatively 
low in relation to other proposed biomass facilities. 
4 U.S. Energy Information Administration, Voluntary Reporting of Greenhouse Gases 
Program, Fuel and Energy Source Codes and Emission Coefficients, available at 
http://www.eia.doe.gov/oiaf/1605/coefficients.html (last visited August 19, 2010) 
(attached as Ex. 2). 
5 See Cal. Air Res. Bd., Preliminary Draft Staff Proposal, Recommended Approaches for 
Setting Interim Significance Thresholds for Greenhouse Gases Under the California 
Environmental Quality Act (Oct. 24, 2008) at 10 (attached as Ex. 3) (recommending a 
presumptive threshold of significance of 7,000 metric tons of CO2 equivalent per year for 
industrial projects); South Coast Air Quality Mgmt. Dist., Draft Guidance Document – 
Interim CEQA Greenhouse Gas (GHG) Significance Threshold (Oct. 2008) at 3-18 
(Table 3-4) (attached as Ex. 4) (adopting screening threshold of 10,000 metric tons of 
CO2 equivalent for industrial projects); Bay Area Air Quality Mgmt. Dist., California 
Environmental Quality Act Guidelines Update: Proposed Thresholds of Significance 
(Dec. 7, 2009) at 7 (attached as Ex. 5) (adopting threshold of 10,000 metric tons of CO2 
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The NOP states that the EIR will evaluate the “net loss” or “net gain” in CO2 
resulting from the project, and will address the purported “avoidance” of emissions from 
“alternative fates” of biomass.  PI at 13-14.   In so doing, the County must ensure that the 
EIR discloses and evaluates the significance of impacts, and proposes mitigation 
measures and alternatives, using the proper “baseline” under CEQA.  As the Supreme 
Court has recently confirmed, the correct baseline for analysis of impacts is the existing 
environmental setting—that is, the physical conditions on the ground at the time the NOP 
is released and environmental analysis commenced.  Communities for a Better Env’t v. S. 
Coast Air Quality Mgmt. Dist., 48 Cal. 4th 310 (2010); see also CEQA Guidelines § 
15125(a).  To the extent that the EIR considers hypothetical emissions reductions from 
the “alternative fates” of biomass fuels, it may not use those reductions to disguise or 
otherwise downplay the impacts of the Project in relation to existing physical conditions.  
Any discussion of “alternative fates” is properly located within the EIR’s analysis of a 
“no project” alternative, not its analysis of the Project’s environmental impacts.  See 
CEQA Guidelines § 15126.6(e).  Furthermore, the EIR’s assumptions regarding 
“alternative fates” must be made clear and must account for the incentives created by the 
Project.  For example, the EIR must account for the possibility that the availability of a 
biomass energy facility in North Lake Tahoe may incentivize certain forest projects that 
would not otherwise occur; thus, in the absence of the Project, the “alternative fate” of 
many potential “fuels” may be to continue growing in the forest and sequestering carbon. 

Finally, the EIR must consider the significance of the timing of greenhouse gas 
emissions resulting from the project.  Global greenhouse gas emissions must peak and 
begin to decline sharply within the next several years if we are to stand any reasonable 
chance of avoiding catastrophic and irreversible climate change.6  Biomass combustion 
results in an immediate conversion of sequestered carbon into atmospheric carbon 
dioxide.  Indeed, energy generation from woody biomass combustion is roughly as 
carbon-intensive as coal-fired generation, and often far less efficient.7  Moreover, it can 
take decades or even centuries for new tree growth to resequester the carbon emitted 
through combustion of woody biomass.8  Accordingly, the near-term effects of carbon 

                                                                                                                                                 
equivalent for stationary sources); see also CEQA Guidelines § 15064.7(c) (lead agency 
may consider other agencies’ thresholds of significance).   
6 See, e.g., M. den Elzen & N. Höhne, Reductions of Greenhouse Gas Emissions in Annex 
I and Non-Annex I Countries for Meeting Concentration Stabilisation Targets, 91 
CLIMATIC CHANGE 249 (2008) (attached as Ex. 6). 
7 Giuliana Zanchi et al., The Upfront Carbon Debt of Bioenergy (May 2010) at 16 
(attached as Ex. 7). 
8 Id. (“When the raw material is wood, the time needed to recover the CO2 emitted in the 
atmosphere can be quite long, on the order of magnitude of decades.”).  Another recent 
study concluded that even assuming perfect conversion of biomass to energy and a one-
to-one displacement of fossil-fired generation, it still took from 34 to 228 years for 
western forests to reach carbon neutrality for biomass used directly for energy generation, 
and between 201 and 459 years if the biomass was converted to biofuels (the ranges 
depending upon the characteristics of the trees, forests and fire return intervals).  Stephen 
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emissions associated with biomass combustion cannot be discounted, either because 
those emissions might one day be reabsorbed or because trees now growing in the forest 
might one day die and decay or burn in a wildfire.  In fact, both independent scientists 
and the U.S. Environmental Protection Agency have begun to recognize the importance 
of this temporal analysis in evaluating carbon emissions from biofuels.9  Short-term CO2 
emissions from woody biomass combustion are thus highly significant—not “carbon 
neutral”—in the context of efforts to avoid the worst impacts of climate change, and 
should be treated as such for purposes of CEQA analysis. 

2. Forest, Agricultural, and Biological Resources 

Construction of a biomass energy facility in the Tahoe Basin is likely to change 
the economics and incentives currently governing management of both public and private 
forests in the region.  These changes will have environmental effects, many of which 
could be significant.  The EIR thus must analyze foreseeable impacts to forests, 
agricultural lands, wildlife and protected species habitat, and other biological resources 
within the areas from which fuels for the Project are likely to be produced.  This analysis 
must take into account the likely mix and availability of fuels for the Project, the overall 
demand for fuel, and any relevant economic incentives or constraints that may influence 
changes in forest, land, and wildlife management.  Foreseeable direct and indirect land 
use changes must be identified and evaluated, and any significant impacts must be 
mitigated or avoided to the extent feasible. 

3. Air Quality 

The NOP indicates that the Project’s air quality impacts will be both numerous 
and significant.  For example, there are residences located a mere 100 feet from the 
Project site, and several schools and preschools are within 1,000 feet of the site.  PI at 6.  
Potential impacts to these receptors must be analyzed in detail, and impacts must be 
mitigated or avoided.  This analysis must include discussion of potential emissions 
associated with combustion of urban waste as well as forest materials.  See PI at 9.  The 
EIR must also analyze local air quality impacts from haul trucks and other equipment 
employed in construction and operation of the Project.  This analysis must disclose and 
consider the characteristics of the actual truck fleet likely to be employed in serving the 
Project, and must consider the possibility of “hot spots” for both diesel particulate matter 
                                                                                                                                                 
R. Mitchell, et al., Forest Fuel Reduction Alters Fire Severity and Long-Term Carbon 
Storage in Three Pacific Northwest Ecosystems, 19 ECOLOGICAL APPLICATIONS 643, 651 
(2009) (attached as Ex. 8). 
9 See, e.g., M. O’Hare et al., Proper Accounting for Time Increases Crop-Based Biofuels’ 
Greenhouse Gas Deficit Versus Petroleum, 4 ENVTL. RESEARCH LETT. 024001 (2009) 
(attached as Ex. 9) (applying discount rate to account for importance of early emissions); 
U.S. EPA, EPA Lifecycle Analysis of Greenhouse Gas Emissions from Renewable Fuels 
(2009) (attached as Ex. 10) (“[T]he time horizon over which emissions are analyzed and 
the application of a discount rate to value near-term versus longer-term emissions are 
critical factors”). 
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and other pollutants in various locations, especially in light of daily and seasonal traffic 
on the narrow roads surrounding Lake Tahoe.  The Project is also in the vicinity of Class 
I airsheds and adjacent state park lands; a full analysis of these impacts must be 
conducted as well. 

Finally, the NOP states that an Authority to Construct/Permit to Operate “may be 
required” for the Project from the Placer County Air Pollution Control District.  The 
District has a responsibility under the federal Clean Air Act to regulate the Project’s 
greenhouse gas emissions.  Greenhouse gases are currently pollutants “subject to 
regulation” under the Clean Air Act.10  See 42 U.S.C. § 7475.  Accordingly, facilities 
such as the Project, which have the potential to emit significant amounts of greenhouse 
gases, must obtain permits under the Clean Air Act’s Prevention of Significant 
Deterioration (“PSD”) and Title V programs. 

4. Other Issue Areas 

In addition to several of the specific impacts identified above, the EIR must 
consider the following impacts in detail. 

The EIR must consider all foreseeable future and indirect impacts of the Project.  
The NOP makes clear that this is a “pilot” project, but does not reveal what other future 
projects or expansions might occur if the “pilot” is deemed successful.  The NOP also 
reveals that the future export of waste heat energy is a foreseeable future impact of the 
Project.  PI at 5, 9.  Any foreseeable environmental effects of this expansion must be 
disclosed and analyzed in the EIR. 

The NOP reveals that wastewater from the Project’s cooling equipment will be 
discharged to the sewer.  PI at 7, 11.  The EIR must disclose and analyze the 
characteristics of the discharge water, the capacity of the sewer system to transport and 
treat the water, the location of ultimate discharge, and any potential impacts to Lake 
Tahoe.  The EIR must also demonstrate a water supply adequate to provide the 2,500-
3,000 gallons per day that the facility will require.  PI at 11. 

                                                 
10 See Center for Biological Diversity, Letter Re: Prevention of Significant Deterioration 
(PSD): Reconsideration of Interpretation of Regulations That Determine Pollutants 
Covered by the Federal PSD Permit Program; Docket No. EPA-HQ-OAR-2009-0597 
(Dec. 7, 2009) (attached as Ex. 11).  The Center is currently challenging EPA’s contrary 
conclusion in litigation pending before the Court of Appeals for the District of Columbia 
Circuit.  Center for Biological Diversity v. U.S. Envtl. Prot. Agency (D.C. Cir. No. 10-
1115) (filed May 28, 2010).  The Center is also challenging EPA’s decisions to delay 
permitting requirements for the largest stationary sources of greenhouse gas emissions 
until 2011 and to exempt other sources from permitting requirements for the next several 
years.  Center for Biological Diversity v. U.S. Envtl. Prot. Agency (D.C. Cir. No. 10-
1205) (filed Aug. 2, 2010). 
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The EIR also must disclose and analyze impacts related to the production, 
transport, and disposal of potentially hazardous ash from biomass combustion.  The EIR 
must disclose the relative composition and metal content of the bottom ash, fly ash, and 
wood ash produced during Project operations.  PI at 11.  The EIR also must set forth 
plans for addressing any upsets, spills, or releases of ash or fuels, especially given the 
Project’s close proximity to Lake Tahoe and its proposed location in a residential 
neighborhood. 

Finally, the EIR must analyze a range of reasonable, potentially feasible 
alternatives that would accomplish most of the Project’s basic objectives while avoiding 
or lessening its significant effects.  CEQA Guidelines § 15126.6(a).  The Project 
objectives, as defined in the NOP, are so detailed and so narrowly drawn as to preclude 
any analysis of a true range of reasonable alternatives.  Moreover, some of the objectives 
may not be met by the Project as proposed (for example, reducing transportation costs 
and air pollution, given that biomass will have to be trucked out to Cabin Creek site for 
processing and back again, and minimizing impacts to residential uses, where residences 
are located very close to the Kings Beach site).  The EIR must ensure that the County’s 
objectives for the project are defined broadly enough to permit an adequate alternatives 
analysis. 

III. Conclusion 

Thank you for the opportunity to comment on the NOP.  We appreciate the 
County’s recognition that CEQA requires preparation of an EIR for the Lake Tahoe 
Basin Biomass Energy Facility, and we look forward to reviewing and commenting on 
the draft EIR for the Project.  As always, please feel free to contact me at (415) 436-9682 
x313 or kbundy@biologicaldiversity.org with any questions or concerns. 

 

Sincerely, 

 
Kevin P. Bundy 
Senior Attorney 
 

cc: Jerry Wells, Tahoe Regional Planning Agency (via email: jwells@trpa.org)  
Placer County Air Pollution Control District (via email: pcapcd@placer.ca.gov)  

Attachments 
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complement prior studies that highlight the 

importance of short- and medium-lived pol-

lutants ( 14– 17). 

The top 10 pollutant-generating activities 

contributing to net RF (positive RF minus 

negative RF) in year 20 are shown in the bot-

tom chart, page 526), which takes into account 

the emission of multiple pollutants from each 

source activity ( 18). The seven sources that 

appear only on the left side (purple bars) 

would be overlooked by mitigation strategies 

focusing exclusively on long-lived pollutants.

The distinctly different sources of near-

term and long-term RF lend themselves to 

the aforementioned two-pronged mitigation 

approach. This decoupling is convenient for 

policy design and implementation; whereas 

the importance of long-term climate stabi-

lization is clear, the perceived urgency of 

near-term mitigation will evolve with our 

knowledge of the climate system. Addition-

ally, optimal near-term mitigation strategies 

will refl ect decadal oscillations ( 19), seasonal 

and regional variations ( 20,  21), and evolv-

ing knowledge of aerosol-climate effects ( 22, 

 23) and methane-atmosphere interactions 

( 22)—considerations unique to the near term.

Thus, short- and medium-lived sources 

(black carbon, tropospheric ozone, and 

methane) must be regulated separately and 

dynamically. The long-term mitigation treaty 

should focus exclusively on steady reduction 

of long-lived pollutants. A separate treaty 

for short- and medium-lived sources should 

include standards that evolve based on peri-

odic recommendations of an independent 

international scientifi c panel. The framework 

of “best available control technology” (strict) 

and “lowest achievable emissions rate” 

(stricter) from the U.S. Clean Air Act ( 24) can 

be used as a model.

Such a two-pronged institutional frame-

work would reflect the evolving scientific 

understanding of near-term climate change, 

the scientifi c certainty around long-term cli-

mate change, and the opportunity to sepa-

rately adjust the pace of near-term and long-

term mitigation efforts. 
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            T
he accounting now used for assessing 

compliance with carbon limits in the 

Kyoto Protocol and in climate legisla-

tion contains a far-reaching but fi xable fl aw 

that will severely undermine greenhouse 

gas reduction goals ( 1). It does not count 

CO
2
 emitted from tailpipes and smokestacks 

when bioenergy is being used, but it also does 

not count changes in emissions from land 

use when biomass for energy is harvested or 

grown. This accounting erroneously treats all 
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100% reduction in energy emissions despite 

causing large releases of carbon.

Several recent studies estimate that this 

error, applied globally, would create strong 

incentives to clear land as carbon caps 

tighten. One study ( 2) estimated that a global 

CO
2
 target of 450 ppm under this accounting 

would cause bioenergy crops to expand to 

displace virtually all the world’s natural for-

ests and savannahs by 2065, releasing up to 

37 gigatons (Gt) of CO
2
 per year (compa-

Fixing a Critical Climate
Accounting Error

CLIMATE CHANGE

Timothy D. Searchinger, 1 * Steven P. Hamburg, 2 * Jerry Melillo, 3 William Chameides, 4 
Petr Havlik, 5 Daniel M. Kammen, 6 Gene E. Likens, 7 Ruben N. Lubowski, 2 Michael Obersteiner, 5 
Michael Oppenheimer, 1 G. Philip Robertson, 8 William H. Schlesinger, 7 G. David Tilman 9 

Rules for applying the Kyoto Protocol and national cap-and-trade laws contain a major, 

but fi xable, carbon accounting fl aw in assessing bioenergy.

1Princeton University, Princeton, NJ 08544, USA.  2Environ-
mental Defense Fund, Boston, MA 02108, and Washing-
ton, DC 20009, USA.  3Marine Biological Laboratory, Woods 
Hole, MA 02543, USA.  4Duke University, Durham, NC 
27708, USA.  5International Institute for Applied Systems 
Analysis, Laxenburg 2361, Austria.  6University of Califor-
nia at Berkeley, Berkeley, CA 94720, USA.  7Cary Institute of 
Ecosystem Studies, Millbrook, NY 12545, USA.  8Michigan 
State University, Hickory Corners, MI 49060, USA.  9Univer-
sity of Minnesota, St. Paul, MN 55108, USA.

*Authors for correspondence. E-mail: shamburg@edf.org 
(S.P.H.); tsearchi@princeton.edu (T.D.S.).

Science Basis: Contribution of Working Group I to the 

Fourth Assessment Report of the IPCC (Cambridge Univ. 
Press, New York, 2007).

 5. S. Rahmstorf et al., Science 316, 709 (2007).  
 6. J. B. Smith et al., Proc. Natl. Acad. Sci. U.S.A. 106, 4133 

(2009).  
 7. A. Sokolov et al., J. Clim. 22, 5175 (2009).  
 8. T. Stocker, Quat. Sci. Rev. 19, 301 (2000).  
 9. T. M. Lenton et al., Proc. Natl. Acad. Sci. U.S.A. 105, 

1786 (2008).  
 10. J. Hansen et al., Open Atmos. Sci. J. 2, 217 (2008).  
 11. RF is a property of the climate at a point in time. 

Increases in RF create planetary energy imbalance, with 
more incoming solar radiation than outgoing infrared 
radiation and a warming effect on the system.

 12. T. F. Stocker, A. Schmittner, Nature 388, 862 (1997).  
 13. R. B. Alley et al., Science 299, 2005 (2003).  
 14. J. Hansen et al., Philos. Trans. R. Soc. London Ser. A 365, 

1925 (2007).  
 15. P. K. Quinn et al., Atmos. Chem. Phys. 8, 1723 (2008).
 16. M. Z. Jacobson, J. Geophys. Res. Atmos. 107, 4410 

(2002).  
 17. F. C. Moore, M. C. MacCracken, Intl. J. Strategic Change 

Mgmt. 1, 42 (2009).  
 18. D. Koch, T. C. Bond, D. Streets, N. Unger, Geophys. Res. 

Lett. 34, L05821 (2007).  
 19. K. Trenberth et al., in ( 4), pp. 235–336.
 20. D. Koch, T. Bond, D. Streets, N. Unger, G. van der Werf, J. 

Geophys. Res. 112, D02205 (2007).  
 21. A. Stohl, J. Geophys. Res. 111, D11306 (2006).  
 22. P. Forster et al., in ( 4), pp. 129–234.
 23. V. Ramanathan, G. Carmichael, Nat. Geosci. 1, 221 

(2008).  
 24. U.S. Clean Air Act, www.epa.gov/oar/caa/.

 25. The same analysis applied to the IPCC’s SRES marker 
scenarios (A1, A2, B1, and B2) ( 26) produces results that 
fall largely within the bounds of these two scenarios (fi g. 
S1).

 26. N. Nakicenovic, R. Swart, Eds., Special Report on Emis-

sions Scenarios (IPCC, Cambridge Univ. Press, Cam-
bridge, 2000).

 27. Data for year 2000 RF are based on ( 14), emissions are 
from ( 28), decay rates are based on the lifetimes on p. 212 
in ( 22) and historical CO

2
 decay is calculated according to 

p. 824 in ( 29). Growth rates are from ( 28) and ( 30). Zero 
growth of emissions assumed for BC, OC, SO

2
, and halo-

carbons Each year’s RF for short-lived pollutants (BC, OC, 
O

3
, SO

2
) is due only to emissions in that year; thus, the RF 

does not accumulate from one year to the next. The con-
tributions of black carbon and ozone are conservative, as 
they do not refl ect recent near-double estimates of black 
carbon’s RF ( 23) nor recent estimates of ozone’s indirect 
land sink effect ( 31).

 28. EDGAR 3.2 (www.mnp.nl/edgar/model/).
 29. G. Meehl et al., in ( 4), pp. 747–845.
 30. Climate Analysis Indicators Tool v6.0 (http://cait.wri.org).
 31. S. Sitch, P. M. Cox, W. J. Collins, C. Huntingford, Nature 

448, 791 (2007).  
 32. T. C. Bond et al., Global Biogeochem. Cycles 21, GB2018 

(2007).  
 33. The author thanks J. Harte for providing encouragement 

and critique.

Supporting Online Material
www.sciencemag.org/cgi/content/full/326/5952/526/DC1

10.1126/science.1177042

Published by AAAS

 o
n 

O
ct

ob
er

 2
2,

 2
00

9 
w

w
w

.s
ci

en
ce

m
ag

.o
rg

D
ow

nl
oa

de
d 

fr
om

 

http://www.sciencemag.org


23 OCTOBER 2009    VOL 326    SCIENCE    www.sciencemag.org 528

POLICYFORUM

rable to total human CO
2
 emissions today). 

Another study predicts that, based solely on 

economic considerations, bioenergy could 

displace 59% of the world’s natural forest 

cover and release an additional 9 Gt of CO
2
 

per year to achieve a 50% “cut” in green-

house gases by 2050 ( 3). The reason: When 

bioenergy from any biomass is counted as 

carbon neutral, economics favor large-scale 

land conversion for bioenergy regardless of 

the actual net emissions ( 4).

The potential of  bioenergy to reduce 

greenhouse gas emissions inherently depends 

on the source of the biomass and its net land-

use effects. Replacing fossil fuels with bio-

energy does not by itself reduce carbon 

emissions, because the CO
2
 released by tail-

pipes and smokestacks is roughly the same 

per unit of energy regardless of the source 

( 1,  5). Emissions from producing and/or 

refi ning biofuels also typically exceed those 

for petroleum ( 1,  6). Bioenergy therefore 

reduces greenhouse emissions only if the 

growth and harvesting of the biomass for 

energy captures carbon above and beyond 

what would be sequestered anyway and 

thereby offsets emissions from energy use. 

This additional carbon may result from 

land management changes that increase 

plant uptake or from the use of biomass 

that would otherwise decompose rapidly. 

Assessing such carbon gains requires the 

same accounting principles used to assign 

credits for other land-based carbon offsets.

For example, if unproductive land sup-

ports fast-growing grasses for bioenergy, 

or if forestry improvements increase tree 

growth rates, the additional carbon absorbed 

offsets emissions when burned for energy. 

Energy use of manure or crop and timber 

residues may also capture “additional” car-

bon. However, harvesting existing forests 

for electricity adds net carbon to the air. 

That remains true even if limited harvest 

rates leave the carbon stocks of regrowing 

forests unchanged, because those stocks 

would otherwise increase and contribute to 

the terrestrial carbon sink ( 1). If bioenergy 

crops displace forest or grassland, the car-

bon released from soils and vegetation, plus 

lost future sequestration, generates carbon 

debt, which counts against the carbon the 

crops absorb ( 7,  8).

The Intergovernmental Panel on Climate 

Change (IPCC) has long realized that bio-

energy’s greenhouse effects vary by source 

of biomass and land-use effects. It also rec-

ognizes that when forests or other plants are 

harvested for bioenergy, the resulting carbon 

release must be counted either as land-use 

emissions or energy emissions but not both. 

To avoid double-counting, the IPCC assigns 

the CO
2
 to the land-use accounts and exempts 

bioenergy emissions from energy accounts 

( 5). Yet it warns, because “fossil fuel substitu-

tion is already ‘rewarded’” by this exemption, 

“to avoid underreporting . . . any changes in 

biomass stocks on lands . . . resulting from 

the production of biofuels would need to be 

included in the accounts” ( 9).

This symmetrical approach works for 

the reporting under the United Nations 

Framework Convention on Climate Change 

(UNFCCC) because virtually all countries 

report emissions from both land and energy 

use. For example, if forests are cleared in 

Southeast Asia to produce palm biodiesel 

burned in Europe, Europe can exclude the 

tailpipe emissions as Asia reports the large 

net carbon release as land-use emissions.

However, exempting emissions from bio-

energy use is improper for greenhouse gas reg-

ulations if land-use emissions are not included. 

The Kyoto Protocol caps the energy emis-

sions of developed countries. But the proto-

col applies no limits to land use or any other 

emissions from developing countries, and spe-

cial crediting rules for “forest management” 

allow developed countries to cancel out their 

own land-use emissions as well ( 1,  10). Thus, 

maintaining the exemption for CO
2
 emitted by 

bioenergy use under the protocol ( 11) wrongly 

treats bioenergy from all biomass sources as 

carbon neutral, even if the source involves 

clearing forests for electricity in Europe or 

converting them to biodiesel crops in Asia .

This accounting error has carried over into 

the European Union’s cap-and-trade law and 

the climate bill passed by the U.S. House of 

Representatives ( 1,  12,  13). Both regulate 

emissions from energy but not land use and 

then erroneously exempt CO
2
 emitted from 

bioenergy use. In theory, the accounting sys-

tem would work if caps covered all land-use 

emissions and sinks. However, this approach 

is both technically and politically challenging 

as it is extremely hard to measure all land-use 

emissions or to distinguish human and natu-

ral causes of many emissions (e.g., fi res).

The straightforward solution is to fi x the 

accounting of bioenergy. That means tracing 

the actual fl ows of carbon and counting emis-

sions from tailpipes and smokestacks whether 

from fossil energy or bioenergy. Instead of an 

assumption that all biomass offsets energy 

emissions, biomass should receive credit to the 

extent that its use results in additional carbon 

from enhanced plant growth or from the use 

of residues or biowastes. Under any crediting 

system, credits must refl ect net changes in car-

bon stocks, emissions of non-CO
2
 greenhouse 

gases, and leakage emissions resulting from 

changes in land-use activities to replace crops 

or timber diverted to bioenergy ( 1).

Separately, Europe and the United States 

have established legal requirements for min-

imum use of biofuels, which assess green-

house gas  consequences based on life-cycle 

analyses that refl ect some land-use effects 

( 1,  14). Such assessments vary widely in 

comprehensiveness, but none considers bio-

fuels free from land-based emissions. Yet 

the carbon cap accounting ignores land-use 

emissions altogether, creating its own large, 

perverse incentives.

Bioenergy can provide much energy 

and help meet greenhouse caps, but correct 

accounting must provide the right incentives.
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Voluntary Reporting of Greenhouse Gases Program
Fuel and Energy Source Codes and Emission Coefficients

Fuel Code
Emission Coefficients

Pounds CO2 per Unit
Volume or Mass

Pounds CO2 per
Million Btu

Petroleum Products
Aviation Gasoline AV 18.355 per gallon 152.717
  770.916 per barrel  
Distillate Fuel (No. 1, No. 2, No. 4 Fuel
Oil and Diesel) DF 22.384

per gallon
161.386

  940.109 per barrel  
Jet Fuel JF 21.095 per gallon 156.258
  885.98 per barrel  
Kerosene KS 21.537 per gallon 159.535
  904.565 per barrel  
Liquified Petroleum Gases (LPG) LG 12.805 per gallon 139.039
  537.804 per barrel  
Motor Gasoline MG 19.564 per gallon 156.425
  822.944 per barrel  
Petroleum Coke PC 32.397 per gallon 225.130
  1356.461 per barrel  
  6768.667 per short ton  
Residual Fuel (No. 5 and No. 6 Fuel Oil) RF 26.033 per gallon 173.906
  1,093.384 per barrel  
 

Natural Gas and Other Gaseous Fuels
Methane ME 116.376 per 1000 ft3 115.258
Landfill Gas LF 1 per 1000 ft3 115.258
Flare Gas FG 133.759 per 1000 ft3 120.721

Voluntary Reporting of Greenhouse Gases Program - Electricity Factors http://www.eia.doe.gov/oiaf/1605/coefficients.html
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Natural Gas (Pipeline) NG 120.593 per 1000 ft3 117.080
Propane PR 12.669 per gallon 139.178
  532.085 per barrel  
 

Electricity EL Varies depending on fuel used to generate electricity

Electricity Generated from Landfill Gas LE
Varies depending on heat rate of the power generating

facility
 

Coal CL    

Anthracite AC 5685.00 per short ton 227.400
Bituminous BC 4931.30 per short ton 205.300
Subbituminous SB 3715.90 per short ton 212.700
Lignite LC 2791.60 per short ton 215.400
 

Renewable Sources
Biomass BM Varies depending on the composition of the biomass
Geothermal Energy GE 0  0
Wind WN 0  0
Photovoltaic and Solar Thermal PV 0  0
Hydropower HY 0  0
Tires/Tire-Derived Fuel TF 6160 per short ton 189.538

Wood and Wood Waste 2 WW 3812 per short ton 195.0

Municipal Solid Waste 2 MS 1999 per short ton 199.854

 

Nuclear NU 0  0

 

Other ZZ 0  0

1 For a landfill gas coefficient per thousand standard cubic foot, multiply the methane factor by the share of the landfill gas that is
methane.

2 These biofuels contain "biogenic" carbon. Under international greenhouse gas accounting methods developed by the
Intergovernmental Panel on Climate Change, biogenic carbon is part of the natural carbon balance and it will not add to atmospheric

concentrations of carbon dioxide.3 Reporters may wish to use an emission factor of zero for wood, wood waste, and other biomass
fuels in which the carbon is entirely biogenic. Municipal solid waste, however, normally contains inorganic materials principally
plastics that contain carbon that is not biogenic. The proportion of plastics in municipal solid waste varies considerably depending
on climate, season, socio-economic factors, and waste management practices. As a result, EIA does not estimate a non-biogenic
carbon dioxide emission factor for municipal solid waste. The U.S. Environmental Protection Agency estimates that, in 1997,
municipal solid waste in the United States contained 15.93 percent plastics and the carbon dioxide emission factor for these

materials was 5,771 lbs per ton.4 Using this information, a proxy for a national average non-biogenic emission factor of 919 lbs
carbon dioxide per short ton of municipal solid waste can be derived. This represents 91.9 lbs carbon dioxide per million Btu,
assuming the average energy content of municipal solid waste is 5,000 Btu/lb.

3 Intergovernmental Panel on Climate Change. Greenhouse Gas Inventory Reference Manual: Revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories, Vol. 3, Pg. 6.28, (Paris France 1997).
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4 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-1998, EPA 236-R-
00-001, Washington, DC, April 2000.

Voluntary Reporting of Greenhouse Gases Program - Electricity Factors http://www.eia.doe.gov/oiaf/1605/coefficients.html

3 of 3 8/19/2010 1:36 PM



 

 

 
 
 
 
 
 
 
 
 
 
 
 

California Air Resources Board 
 
 

Preliminary Draft Staff Proposal 
 
 

Recommended Approaches for Setting  
Interim Significance Thresholds 
for Greenhouse Gases under the 

California Environmental Quality Act 
 
 
 
 
 
 
 

Released:  October 24, 2008 



Preliminary Draft Staff Proposal 

(October 24, 2008) 

 
 
 

[page intentionally blank] 



Preliminary Draft Staff Proposal 

(October 24, 2008) 

DOCUMENT AVAILABILITY  
 

Electronic copies of this document and related materials can be found at: 
http://www.arb.ca.gov/cc/localgov/ceqa/ceqa.htm.  Alternatively, paper copies may be 
obtained from the Board’s Public Information Office, 1001 I Street, 1st Floor, Visitors and 
Environmental Services Center, Sacramento, California, 95814, (916) 322-2990. 
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DISCLAIMER 
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use. 
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INTRODUCTION 
 
Climate change is one of the most serious environmental problems facing the world, the 
United States, and California today.  In this State, climate change already is impacting 
our coastlines, water supplies, agriculture, and public health, and putting millions of 
acres of forested land at increased risk of fire.  These adverse effects will only increase 
in number and intensity if we do not promptly and substantially reduce pollution of the 
atmosphere with greenhouse gases (GHGs). 
 
California law provides that climate change is an environmental effect subject to the 
California Environmental Quality Act (CEQA).1  Lead agencies therefore are obligated to 
determine whether a project’s climate change-related effects may be significant, 
requiring preparation of an Environmental Impact Report,2 and to impose feasible 
mitigation to substantially lessen any significant effects.3  Determining significance, 
however, can be a challenging task.  Accordingly, the Governor’s Office of Planning and 
Research in its June 2008 Technical Advisory, “CEQA and Climate Change,”4 asked the 
Air Resources Board (ARB) to make recommendations for GHG-related thresholds of 
significance – identifiable benchmarks or standards that assist lead agencies in the 
significance determination.5 
 
With this Staff Proposal, ARB staff is taking the first step toward developing 
recommended statewide interim thresholds of significance for GHGs that may be 
adopted by local agencies for their own use.  The task that ARB staff is undertaking is, 
however, a limited one.  Staff will not attempt to address every type of project that may 
be subject to CEQA, but instead will focus on common project types that, collectively, 
are responsible for substantial GHG emissions – specifically, industrial, residential, and 
commercial projects.6  ARB staff believes that thresholds in these important sectors will 
advance our climate objectives, streamline project review, and encourage consistency 
and uniformity in the CEQA analysis of GHG emissions throughout the State. 
 
Staff intends to make its final recommendations on thresholds in early 2009, in order to 
harmonize with OPR’s timeline for issuing draft CEQA guidelines addressing GHG 
emissions7 and to provide much needed guidance to lead agencies in the near term.   
 
Public, stakeholder, and local lead agency participation is essential to the success of 
this project.  ARB staff believes that the comment and feedback it receives, along with 

                                            
1 Senate Bill 97, Public Resources Code, § 21083.05. 
2 California Code of Regulations, tit. 14, § 15064, subd. (f)(1). 
3 Id., § 15021, subd. (a)(2). 
4 See: http://opr.ca.gov/download.php?dl=ceqa/pdfs/june08-ceqa.pdf 
5 Id., § 15064.7, subd. (a). 
6 The collective greenhouse gas emissions from the industrial, residential and commercial sectors, 
together with the transportation sector, represent approximately 80% of the statewide greenhouse gas 
emissions inventory in 2004. 
7 See Senate Bill 97, Public Resources Code § 21083.05 (providing that draft guidelines are due June 1, 
2009). 
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additional data and analyses, can form a body of evidence that lead agencies may rely 
on in adopting thresholds of significance consistent with ARB staff’s recommendations. 
 
Because the schedule is expedited, staff’s recommendations must necessarily be 
interim and subject to review and revision as more information becomes available.8 
 
BACKGROUND 
 
Significance Under CEQA 
 
A significant effect on the environment means a substantial, or potentially substantial, 
change in the environment caused directly or indirectly by the project.9  The incremental 
effect of a project can be significant when it is cumulatively considerable – that is, when 
the effect is added to that of other past, present, and reasonably foreseeable probable 
future projects that also contribute to the problem.10 
 
To streamline and facilitate consistency in the significance determination, the CEQA 
Guidelines11 encourage agencies “to develop and publish thresholds of significance that 
the agency uses in the determination of the significance of environmental effects.”12  A 
threshold of significance is an identifiable quantitative, qualitative or performance level 
that marks the division between an impact that is significant and one that is not.  A 
threshold of significance gives rise to a presumption, which can be rebutted by evidence 
that the threshold should not apply to a particular project. 
  
Thresholds of significance must be supported by “substantial evidence.”  This does not 
mean that there is one best threshold.  In CEQA, substantial evidence “means enough 
relevant information and reasonable inferences from this information that a fair 
argument can be made to support a conclusion, even though other conclusions might 
also be reached.”13 
 
Climate Change and GHG Thresholds of Significance 
 
“The capacity of the environment is limited, and it is the intent of the Legislature that the 
government of the state take immediate steps to identify any critical thresholds for the 
health and safety of the people of the state and take all coordinated actions necessary 
to prevent such thresholds being reached.”14  But where should a threshold of 
significance be set for GHG emissions and climate change?  This question can be 
answered only after considering the nature of the environmental problem. 

                                            
8 ARB staff intends to monitor the implementation of thresholds that are adopted as a result of this 
process for effectiveness.  In the same time frame as the update of the AB 32 Scoping Plan, staff intends 
to revisit its recommendations and to modify them if necessary. 
9 California Code of Regulations, title 14, §§ 15064, subd. (d), 15382. 
10 Id., § 15355, subd. (b). 
11 Id., § 15000, et. seq. 
12 Id., § 15064.7, subd. (a). 
13 Id., § 15384, subd. (a). 
14 Public Resources Code, § 21000, subd. (d). 
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There is a scientific consensus that human activities, chief among them the burning of 
fossil fuels, profoundly affect the world’s climate by increasing the atmospheric 
concentration of GHG beyond natural levels.  Contributing additional GHG pollution to 
the atmosphere leads to higher global average temperatures, changes to climate, and 
adverse environmental impacts here in California and around the world.15  Climate 
change, caused by “collectively significant projects taking place over a period of 
time[,]”16 is a quintessential cumulative impact.   
 
The experts tell us that an additional increase in global average temperatures of just     
2 degrees Celsius (3.6 degrees Fahrenheit) is very likely dangerous.17  With a 2 degree 
Celsius increase, disastrous effects become likely, including more extreme and more 
frequent severe weather, more wildfires, greater frequency of droughts and floods, rapid 
and higher sea level rise, and increased habitat destruction and extinctions.18  These 
environmental effects will undoubtedly lead to serious economic, political, and national 
security disruptions. 
 
In order to reduce the risk of dangerous climate change, we must stabilize atmospheric 
levels of GHGes at approximately 450 parts per million (ppm) by mid-century.19  We are 
fast approaching this limit.  Since the beginning of the industrial era, atmospheric 
concentrations of carbon dioxide, the primary GHG, have climbed to their highest point 
in the last half-million years, increasing from just under 300 ppm at the turn of the last 
century, to over 380 ppm today, and rising at about 2 ppm per year.20 
 
In response to the challenge of climate change, California has taken a leadership role 
by committing to reduce its GHG emissions to 1990 levels by 2020 (about a thirty 
percent reduction in business-as-usual emissions in 2020) and to eighty percent below 
1990 levels by 2050.21  The latter target is consistent with the scientific consensus of the 
reductions needed to stabilize atmospheric levels of GHGs at 450 ppm by mid-century.  
Assembly Bill 32, the Global Warming Solutions Act of 2006, codifies the 2020 reduction 
                                            
15 There is a large body of authoritative sources on the causes and current and projected impacts of 
climate change.  An extended discussion of climate change is beyond the scope of this Staff Proposal.  
For additional information, ARB recommends the Fourth Assessment Report by the Intergovernmental 
Panel on Climate Change (IPCC) and, in particular, the IPCC’s “Frequently Asked Questions,” available 
at: http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-faqs.pdf and the 2006 California Climate 
Action Team’s Report to the Governor and Legislature, available at: 
http://www.climatechange.ca.gov/climate_action_team/reports/index.html. 
16 See California Code of Regulations, tit. 14, § 15355, subd. (b). 
17 See IPCC 4th Assessment Report, Working Group II, Summary for Policymakers, Figure 2, available 
at: http://www.ipcc.ch/graphics/graphics/ar4-wg2/jpg/spm2.jpg (chart showing global impacts at various 
temperature increases); California Climate Change Center, Our Changing Climate: Assessing the Risks 
to California (2008) at p. 15, available at http://www.energy.ca.gov/2006publications/CEC-500-2006-
077/CEC-500-2006-077.PDF (chart showing impacts in California at various temperature increases.) 
18 Id. 
19 See IPCC 4th Assessment Report, Working Group III, Summary for Policymakers at p. 17, available at 
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-spm.pdf. 
20 IPPC 4th Assessment Report, Working Group I, Figure FAQ 2.1, available at: 
http://www.ipcc.ch/graphics/graphics/ar4-wg1/jpg/faq-2-1-fig-1.jpg. 
21 Executive Order S-03-05 
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target and charges ARB with development of a Scoping Plan to map out how the State 
will achieve this target, including regulatory, voluntary, and market-based mechanisms 
beginning in 2012.22 
 
There is strong need, however, to aggressively address GHG emissions right now.  The 
pollution we contribute to the atmosphere today will continue to have climate impacts for 
years, decades, and, in some cases, millennia to come.  And the longer we delay in 
addressing the problem, the more we risk being unable to meet our climate objective.  
CEQA provides a mechanism that is independent of AB 32 through which lead agencies 
can begin immediately to reduce the climate change-related impacts of the projects that 
come before them. 
 
What Type of Threshold is Appropriate? 
 
Some have suggested that because of the need for urgent action and the uncertainty of 
the precise “tipping point” for dangerous climate change, any contribution of GHGs to 
the atmosphere may be significant – a so-called “zero threshold.” 
 
ARB staff believes that for the project types under consideration, non-zero thresholds 
can be supported by substantial evidence.  ARB staff believes that zero thresholds are 
not mandated in light of the fact that (1) some level of emissions in the near term and at 
mid-century is still consistent with climate stabilization and (2) current and anticipated 
regulations and programs apart from CEQA (e.g., AB 32, the Pavley vehicle regulations, 
the Renewable Portfolio Standard, the California Solar Initiative, and the commitment to 
net-zero-energy buildings by 2020 (residential) and 2030 (commercial)) will proliferate 
and increasingly will reduce the GHG contributions of past, present, and future projects.  
 
But any non-zero threshold must be sufficiently stringent to make substantial 
contributions to reducing the State’s GHG emissions peak, to causing that peak to occur 
sooner, and to putting California on track to meet its interim (2020) and long-term (2050) 
emissions reduction targets.  ARB staff believes that the preliminary interim approaches 
outlined in this Staff Proposal are consistent with these objectives. 
 
RECOMMENDED THRESHOLDS – CONCEPTUAL APPROACH 
 
ARB staff believes that different GHG thresholds of significance may apply to projects in 
different sectors.  Two primary reasons that sector-specific thresholds are appropriate 
are:  (1) some sectors contribute more substantially to the problem, and therefore 
should have a greater obligation for emissions reductions, and, (2) looking forward, 
there are differing levels of emissions reductions expected from different sectors in 
order to meet California’s climate objectives.  We also believe that different types of 
thresholds – quantitative, qualitative, and performance-based – can apply to different 
sectors under the premise that the sectors can and must be treated separately given the 
state of the science and data.  A sector-specific approach is consistent with ARB’s 

                                            
22 Health and Safety Code, § 38500, et. seq. 
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Proposed Scoping Plan. Consequently, the Staff Proposal takes different, although 
harmonious, approaches to setting thresholds for different sectors. 
 
The attached flowcharts describe ARB staff’s preliminary interim threshold concepts for 
two important sectors:  industrial projects (Attachment A ) and residential and 
commercial projects (Attachment B ).  The objective is to develop thresholds for 
projects in these sectors that will result in a substantial portion of the GHG emissions 
from new projects being subject to CEQA’s mitigation requirement, consistent with a 
lead agency’s obligation to “avoid or minimize environmental damage where feasible.”23 
ARB staff is working on a proposal for an interim approach for thresholds for 
transportation projects and large dairies.  Electricity generation is another sector where 
clarity is needed in the near term.  The California Energy Commission (CEC) recently 
began a public process for identifying an approach for assessing the significance of 
GHG emissions from power plant projects.  CEC staff anticipates concluding that work 
in Spring 2009.24 
 
ARB staff’s proposed recommendations for GHG thresholds address projects for which 
local agencies are typically the CEQA lead agency.  In addition to the CEC, other State 
agencies also serve as lead agencies under CEQA.  ARB is coordinating with these 
State agencies on their approaches to thresholds of significance. 

                                            
 
23 California Code of Regulations, title 14, § 15021. 
24 The CEC adopted an Order Instituting Informational Proceeding on October 8, 2008 to address GHG 
emissions in power plant licensing cases: http://www.energy.ca.gov/ghg_powerplants/notices/2008-10-
06_PROPOSED_GHG_CEQA_OII.PDF. 
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REQUEST FOR PUBLIC COMMENT 
 
ARB staff believes that the concepts in this Staff Proposal can be further developed into 
interim thresholds of significance.  However, staff recognizes that additional analyses 
and data are needed to fill in some of the blanks, and to understand how the thresholds 
will operate in the real world. 
 
Comments on all aspects of the Staff Proposal are encouraged.  In particular, ARB 
seeks the active participation of local lead agencies.  Staff has identified a few 
questions to solicit public comment, but this list is not exhaustive. 

  
• Will the recommended approaches have any unintended consequences, for 

example, encouraging the piecemealing of projects? 
  

• As set out in the attachments to the Staff Proposal, staff proposes to define 
certain performance standards (e.g., for energy efficiency) by referencing or 
compiling lists from existing local, State or national standards.  For some sub-
sources of GHG emissions (e.g., construction, transportation, waste), ARB staff 
has not identified reference standards.  How should the performance standards 
for these sub-sources be defined? 

 
• Are any of the industrial, residential, or commercial project types eligible for 

categorical exemptions likely to contribute more significantly to climate change 
than staff’s preliminary analysis indicates? 

  
• For residential and commercial projects, staff has proposed that the GHG 

emissions of some projects that meet GHG performance standards might under 
some circumstances still be considered cumulatively considerable and therefore 
significant.  What types of projects might still have significant climate change-
related impacts? 
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No 

Presumpt ion of l ess than significan t impacts related to climate change  
 

2. (a) The project meets both of the below minimum 
performance standards, or includes equivalent 
mitigation measures:  

 
Construction 

• Meets an interim ARB performance standard for 
construction-related emissions. 

 
Transportation 

• Meets an interim ARB performance standard for 
transportation. 

 
AND 

 
(b) The project, with mitigation, will emit no more than 

~7,000 metric tons CO2e/yr from non-transportation-
related GHG sources (which addresses ~90% of 
industrial sector GHG emissions). Includes:  

• Combustion-related components/equipment; 
• Process losses (fugitive, working, evaporative, etc.);   
• Purchased electricity; and 
• Water usage and wastewater discharge 

 

3. Project will have significant GHG 
impacts. An EIR must be prepared 
and all feasible GHG mitigation 
measures implemented. 

Presumption of significant 
impacts related to climate change 
 

Yes 
 

Yes 

 

1. The project is exempt 
under existing statutory or 
categorical exemptions.  

Yes 
 

No 

ATTACHMENT A  
Preliminary Draft Proposal for Industrial Projects  
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Preliminary Draft Proposal for Industrial Projects 
 
Introduction 
 
CEQA guidelines provide that thresholds of significance can be qualitative, 
quantitative, or in the form of performance standards.  ARB staff’s objective is to 
develop a threshold of significance that will result in the vast majority (~90% 
statewide) of the greenhouse gas (GHG) emissions from new industrial projects 
being subject to CEQA’s requirement to impose feasible mitigation.  ARB staff 
believes this can be accomplished with a threshold that allows small projects to 
be considered insignificant.  ARB staff used existing data for the industrial sector 
to derive a proposed hybrid threshold.  The threshold consists of a quantitative 
threshold of 7,000 metric tons of CO2 equivalent per year (MTCO2e/year) for 
operational emissions (excluding transportation), and performance standards for 
construction and transportation emissions.   
 
The goal of this effort is to provide for the mitigation of GHG emissions from 
industrial projects on a statewide level.  Over time, implementation of AB 32 will 
reduce or mitigate GHG emissions from industrial sources.  Once such 
requirements are in place, they could become the performance standard for 
industrial projects for CEQA purposes.  ARB staff intends to pursue this 
approach in conjunction with development of the regulatory requirements for 
industrial sources in the Proposed AB 32 Scoping Plan.  Staff is proposing the 
use of a quantitative significance threshold at least until such time that 
performance standards, such AB 32 regulatory requirements, are in place to 
ensure mitigation of significant impacts of GHG emissions from projects in the 
industrial sector. 
 
The performance standards are largely self explanatory and similar to the 
approaches proposed for residential and commercial projects.  The method for 
deriving the quantitative aspect of the threshold warrants further explanation. 
 
Technical foundation for proposed quantitative aspect of the threshold 
 
Based on the available data, ARB staff found that for the industrial sector, small 
projects – defined as the portion of new projects that, when viewed collectively, 
were responsible for only a relatively small amount of emissions – could be 
allowed to proceed without requiring additional mitigation under CEQA.  The 
question for ARB staff was what line divides these small projects from the rest of 
the projects that should undergo mitigation to achieve the larger environmental 
objective. 
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ARB decided to construct a representative small project and to estimate that 
project’s expected emissions.  First, ARB considered the common sub-sources of 
GHG emissions in the industrial sector.  The four main broad emission categories 
and their approximate statewide contribution to GHG emissions from industrial 
facilities other than power plants are:  
 

Category MMTCO2e/year  Percent (%) 
Combustion processes 70 63 % 
Process Losses (evaporative, fugitive, working, etc.) 15 13 % 
Purchased Electricity 18 17 % 
Water Use and Wastewater Treatment 7 7 % 
 
As the table indicates, GHG emissions from industrial sources are dominated by 
combustion emissions.  To ensure that significant industrial emissions would be 
captured by the proposed threshold, ARB staff evaluated industrial boilers 
because they are a very common piece of equipment, are essential in many 
energy-intensive industries, and are a top contributor to industrial combustion 
emissions. 
 
A recent comprehensive survey of industrial boilers by Oak Ridge National 
Laboratory25 found that boilers with an input capacity of 10 MMBtu/hr or greater 
correspond to 93 percent of total industrial boiler input capacity.  Based on this 
data, ARB staff used a natural gas boiler input capacity benchmark of 10 
MMBtu/hr which equates to emissions of 4,660 MTCO2e/yr.  This capacity 
benchmark defines a significant combustion source. 
 
As shown in the above table, combustion processes account for 63 percent of 
the statewide GHG emissions from industrial facilities.  Process losses, 
purchased electricity, and water use and water treatment account for the 
remaining 27 percent of emissions.  Staff applied these proportions to the 
benchmark combustion emissions estimate (4,660 MTCO2e/yr).  The result is an 
overall emissions estimate of approximately 7,000 MTCO2e/yr for a 
representative small project that accounts for the four main categories in the 
table above. 
 
Based on the available data, staff believes that the 7,000 MTCO2e/year 
benchmark can be used to effectively mitigate industrial projects with significant 
GHG emissions.   
 

                                            
25 Characterization of the U.S. Industrial/Commercial Boiler Population, Energy, and 
Environmental Analysis, Inc. submitted to Oak Ridge National Laboratory, available at:: 
http://ww.eea-inc.com/natgas_reports/BoilersFinal.pdf.  
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No 

Yes 

Yes 
2. The project complies with a 
previously approved plan that 
addresses GHG emissions, satisfies 
(15064(h)(3)), and has all of the 
following attributes: 
  

• Meets a community level GHG 
target consistent with the statewide 
emissions limit in AB 32 and, where 
the plan will apply beyond 2020, 
Executive Order S-3-05; 

• Is consistent with a transportation-
related GHG reduction target 
adopted by ARB pursuant to SB 
375.  

• Includes a GHG inventory and 
mechanisms to regularly monitor 
and evaluate emissions; 

• Includes specific, enforceable GHG 
requirements; 

• Incorporates mechanisms that allow 
the plan to be revised in order to 
meet targets; and 

• Has a certified final CEQA 
document (see 15152(f)). 

 
 

Yes Presumption of significant 
impacts related to climate 

change 

4. Project will have significant 
GHG impacts. An EIR must be 
prepared and all feasible GHG 
mitigation measures implemented.   

No 

Yes 

No 

3. (a) The project meets all of the below 
minimum performance standards, or 
includes equivalent mitigation measures. 

 
Construction 

• Meets an interim ARB performance 
standard for construction-related 
emissions; 

 
Operations  

• Meets an energy use performance 
standard defined as CEC’s Tier II 
Energy Efficiency goal; 

• Meets an interim ARB performance 
standard for water use; 

• Meets an interim ARB performance 
standard for waste; 

• Meets an interim ARB performance 
standard for transportation; 

 
AND 

 
(b) The project, with performance standards 

or equivalent mitigation, will emit no 
more than X metric tons CO2e/yr 
(criteria to be developed). 

1. The project is exempt 
under existing statutory or 
categorical exemptions.  

ATTACHMENT B  
Preliminary Draft Proposal for Residential and Commercial Projects  
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Preliminary Draft Proposal for Residential and Commercial Projects 
 
Introduction 
 
CEQA guidelines provide that thresholds of significance can be qualitative, 
quantitative, or in the form of performance standards.  ARB staff's objective is to 
develop a threshold for residential and commercial projects that will substantially 
reduce the greenhouse gas (GHG) emissions from new projects and streamline 
the permitting of carbon-efficient projects.  To achieve this, staff’s preliminary 
recommendation is to develop a threshold based on clear and stringent 
performance standards.  
 
Performance standards will address the five major emission sub-sources for the 
sector: energy use, transportation, water use, waste, and construction.  For the 
energy use performance standard, staff recommends reliance on the California 
Energy Commission’s (CEC) Tier II Energy Efficiency standards for solar energy 
incentive programs.  These standards are consistent with what is needed to meet 
the state’s goal of zero net energy buildings and are continuously updated to 
reflect energy efficiency best practices.  For the remaining sub-sources (water, 
waste, etc.), staff intends to compile benchmark performance standards as part 
of its final threshold recommendation.  Projects may alternatively incorporate 
mitigation equivalent to these performance standards.          
 
Staff recognizes that a substantial body of measures to address GHG emissions 
exists through programs like LEED, GreenPoint Rated, and the California Green 
Building Code.  As work on performance standards moves forward, staff intends 
to make use of these projects.   
 
In addition, staff proposes that a presumption of non-significance apply only to 
projects whose total net emissions, after meeting the performance standards or 
equivalent, are below a specified level.  Staff proposes to develop this emissions 
level as part of its final threshold recommendation.  
 
Discussion of Flow Chart 
 
Box 1: In general, categorical exemptions will continue to apply. 
 
Based on its preliminary analysis, ARB staff believes that projects described in 
CEQA’s categorical and statutory exemption provisions (Articles 18 and 19 of the 
California Code of Regulations, title 14) will not interfere with achieving the 
objective to minimize emissions from new projects in this sector.  GHG emissions 
from residential and commercial projects that are described in the categorical 
exemption language appear to be relatively small from a GHG perspective.  For 
example, staff’s preliminary analysis indicates that emissions from a project 
qualifying for the statutory infill project exemption (Cal. Code Regs., tit. 14,          
§ 15195) will emit approximately 1,600 metric tons (MT)CO2e/yr.  Staff believes 
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such infill projects represent some of the largest projects described in the 
exemption provisions.  ARB staff expects to provide additional analyses to 
support a lead agency’s determination that the GHG impact of these project 
types is less than significant.  Staff invites the public and stakeholders to provide 
further evidence on the application of categorical exemptions to residential and 
commercial projects. 
 
Box 2: If GHGs are adequately addressed at the programmatic level, the 
impact of certain individual projects can be found to be insignificant. 

 
As OPR noted in its June 2008 Technical Advisory: 
 

CEQA can be a more effective tool for greenhouse gas emissions analysis 
and mitigation if it is supported and supplemented by sound development 
policies and practices that will reduce greenhouse gas emissions on a 
broad planning scale and that can provide the basis for a programmatic 
approach to project-specific CEQA analysis and mitigation….  For local 
government lead agencies, adoption of general plan policies and 
certification of general plan EIRs that analyze broad jurisdiction-wide 
impacts of greenhouse gas emissions can be part of an effective strategy 
for addressing cumulative impacts and for streamlining later project-
specific CEQA reviews. 

 
ARB staff encourages local agencies to take advantage of a programmatic 
approach to address climate change, consistent with existing law. 
 
If a project complies with the requirements of a previously adopted GHG 
emission reduction plan or mitigation program that satisfies California Code of 
Regulations, title 14, section 15064(h)(3), and includes the attributes specified in 
that provision and Box 2, the lead agency may determine that the project’s GHG 
impacts are less than significant with no further analysis required.  Examples of 
plans that may satisfy this provision include Climate Action Plans incorporated 
into General Plans that have inventories, an emissions target, suites of specific 
and enforceable measures to reach that target, monitoring and reporting, and 
mechanisms to revise the plan to stay on target.  Moreover, a prior EIR that 
“adequately addressed” climate change may be used for tiering purposes.  (See 
Cal. Code Regs. tit. 14, § 15152.) 
 
Box 3: Projects that meet performance standards, or include equivalent 
mitigation, can be found to be insignificant. 
 
The threshold incorporates performance standards requiring carbon efficiency for 
each major sub-source of emissions from projects in these sectors.  Provided 
they are set at a sufficiently stringent level, performance standards will 
dramatically reduce GHG emissions and promote a transition toward zero and 
low emission projects.  In most cases, ARB staff expects that performance 
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standards will need to reach beyond current State mandates by a substantial 
amount, given that GHG emission reduction goals have not yet been adequately 
incorporated into State programs.  Staff anticipates that performance standards 
will become more stringent over time.   
 
ARB staff has identified the California Energy Commission’s Tier II Energy 
Efficiency goals as an appropriate performance standard for energy use.  Under 
State law, the CEC is required to establish eligibility criteria, conditions for 
incentives, and rating standards to qualify for ratepayer-funded solar energy 
system incentives in California.  As part of this effort, the CEC establishes energy 
efficiency standards for homes and commercial structures, and requires new 
buildings to exceed current building standards by meeting Tier Energy Efficiency 
goals.  CEC’s Tier II Energy Efficiency goals will continue to be updated to 
achieve energy efficiency best practices, and are consistent with what is needed 
to meet the California Public Utilities Commission Strategic Plan goals of zero net 
energy buildings.  Currently, the CEC’s proposed guidelines for the solar energy 
incentive program recommend a Tier II goal for residential and commercial 
projects of a 30 percent reduction in building combined space heating, cooling, 
and water heating energy compared to the 2008 Title 24 Standards.26   
 
For the remaining sub-sources, staff intends to compile benchmark performance 
standards as part of its final threshold recommendation.  ARB staff believes that 
existing progressive green building standards provide a starting point for 
performance standards for transportation, water use, waste, and construction- 
related emissions.  Existing green building rating systems like LEED, GreenPoint 
Rated, the California Green Building Code, and others, contain examples of 
measures that are likely to result in substantial GHG emission reductions from 
residential and commercial projects.  The key to this approach will be identifying 
effective GHG reduction measures within these systems.  ARB staff would like 
input from the public and stakeholders on appropriate performance standards for 
these sub-sources.  Performance standards that already exist and have been 
proven to be effective – at the local, State, national or international level – are 
preferable.  
 
Under staff’s proposed approach, lead agencies would be allowed to find that a 
project’s mitigation is “equivalent” to identified performance standards, thereby 
allowing for cost-effective and innovative approaches to reducing GHG 
emissions.   
 
Staff believes that under some circumstances, projects that meet performance 
standards or include equivalent mitigation measures will have impacts that may 
still be cumulatively considerable and therefore significant.  For this reason, staff 
recommends that, in addition to meeting performance standards or including 

                                            
26 Guidelines for California's Solar Electric Incentive Program Pursuant to Senate Bill 1 - 
SECOND EDITION - Draft Guidelines can be found at: 
http://www.energy.ca.gov/2008publications/CEC-300-2008-007/CEC-300-2008-007-D.PDF 
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equivalent mitigation measures, a project must also emit no more than “X” 
MTCO2e/yr.  Criteria for determining this emissions level have yet to be defined.  
ARB requests public and stakeholder input on what types of projects might still 
have significant climate change-related impacts. 
 
Box 4: Presumption of significant impacts. 
 
If a project cannot meet the requirements in the previous boxes, it should be 
presumed to have significant impacts related to climate change. The lead agency 
must then prepare an EIR, or other appropriate document, and implement all 
feasible GHG mitigation measures. 
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P R E F A C E 
 
 
 
This Draft Guidance Document – Interim CEQA Greenhouse Gas (GHG) Significance 
Threshold document contains the proposed interim GHG significance threshold, rationale 
for developing the threshold, and details of the working group meetings and represents a 
work-in-progress of staff’s efforts to date.  This document will be updated as more 
information becomes available.  For the staff recommendation to the Governing Board at 
the December 5, 2008 public hearing, please refer to Attachment A of Agenda Item 
Number 31. 

Finally, to facilitate identifying changes to this Guidance Document since its release in 
October 2008, added text is underlined and deleted text is denoted with strikethrough text. 
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INTRODUCTION 

The California Environmental Quality Act (CEQA) requires public agencies in 
California to analyze potential adverse impacts for proposed projects undertaken by a 
public agency, funded by a public agency, and requiring discretionary approval by a 
public agency.  The fundamental purposes of CEQA are to inform governmental 
decision-makers and the public about the significant environmental effects of 
proposed activities, identify ways to avoid or significantly reduce environmental 
damage, use feasible alternatives or mitigation measures to avoid significant damage, 
and disclose to the public why a governmental agency approved a project if significant 
effects are involved (CEQA Guidelines §15002[a]).  To disclose potential adverse 
impacts from a proposed project, pursuant to CEQA lead agencies typically prepare 
multidisciplinary environmental impact analysis and make decisions based on the 
analysis regarding the environmental effects of the proposed project (CEQA 
Guidelines §15002[a]). 

In the past, air quality analyses tended to focus on potential adverse impacts from 
criteria pollutants and toxic air contaminants.  Subsequent to the adoption of Assembly 
Bill (AB) 32 – The California Global Warming Solutions Act of 2006, lead agencies 
have increasingly faced legal challenges to their CEQA documents for failure to 
analyze greenhouse gases (GHGs) or making a determination of significance 
regarding GHG emission impacts.   

Greenhouse gases are those gases that have the ability to trap heat in the atmosphere, a 
process that is analogous to the way a greenhouse traps heat.  GHGs may be emitted as 
a result of human activities as well as through natural processes.  As a result of human 
activities, such as electricity production, vehicle use, etc., GHGs have been 
accumulating in the earth’s atmosphere at a faster rate than has occurred historically, 
i.e., prior to the Industrial Age starting approximately 150 years ago.  Increasing GHG 
concentrations in the atmosphere are leading to global climate change. 

The Intergovernmental Panel on Climate Change (IPCC) provided the first 
unequivocal evidence that global climate temperatures are increasing (2007a).  
Further, the primary driver of global climate change is increased emissions of GHGs 
due to human activities.  According to the IPCC, there is very high confidence, based 
on more evidence from a wider range of species, that recent warming is strongly 
affecting terrestrial, marine, freshwater biological systems. 

Carbon dioxide (CO2) is the most important anthropogenic GHG because it comprises 
the majority of total GHG emissions emitted per year and it is very long-lived in the 
atmosphere.  Annual emissions of CO2 have increased approximately 80 percent 
between 1970 and 2004.  In addition to CO2, other GHG pollutants emitted directly as 
a result of human activities include methane (CH4), nitrous oxide (N2O) and 
halocarbons (a group of gases containing fluorine, chlorine or bromine).  Without 
changes in current climate change mitigation policies and related sustainable 
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development practices, GHG emissions and global climate temperatures will continue 
to increase. 

To prevent or minimize further increases in global temperatures resulting from 
increases in GHG emissions due to human activities, it is necessary to stabilize the 
concentration of GHGs in the atmosphere.  Stabilizing GHGs in the atmosphere can 
only occur through reducing GHG emissions.  Without further reductions in GHGs, 
increased global temperatures will surpass humans’ and ecosystems’ ability to adapt to 
these changing conditions (IPCC, 2007b). 

In response to the increasing body of evidence that GHGs will continue to affect 
global climate, Governor Schwarzenegger issued executive order (EO S-3-05), which 
established the following greenhouse gas emission reduction targets for California: by 
2010, reduce GHG emissions to 2000 levels; by 2020, reduce GHG emissions to 1990 
levels; by 2050, reduce GHG emissions to 80 percent below 1990 levels. 

Subsequent to the Governor’s issuance of EO S-3-05, the California State Legislature 
adopted Assembly Bill (AB) 32 – The California Global Warming Solutions Act of 
2006.  With the adoption of AB 32, the California State Legislature recognized the 
growing concern regarding changes to global climate resulting from increasing 
emissions of greenhouse gases (GHGs).  AB 32 establishes a cap on statewide 
greenhouse gas emissions and sets forth the regulatory framework to achieve the 
corresponding reduction in statewide emissions levels.  Specifically, (AB 32) 
recognizes the serious threat to the “economic wellbeing, public health, natural 
resources, and the environment of California” that results from global warming.  
Consequently, AB 32 mandates a significant reduction in GHGs in order to contribute 
to efforts to stabilize atmospheric concentrations of GHGs.  Under AB 32, greenhouse 
gases are defined as: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, 
perfluorocarbons, and sulfur hexafluoride. 

In general, there is currently an absence of regulatory guidance with regard to 
analyzing GHG emission impacts in CEQA documents.  Similarly, no public agency 
in California has formally adopted GHG significance thresholds.  Recognizing the 
absence of guidance regarding analyzing and determining the significance of GHGs, 
the California Air Pollution Control Officers Association (CAPCOA) prepared a 
White Paper reviewing policy choices, analytical tools, and mitigation strategies for 
GHGs.  In particular, the White Paper identifies a number of options for establishing 
GHG significance thresholds, but makes no formal recommendation of one approach 
over another. 

Air districts typically act in an advisory capacity to local governments in establishing 
the framework for environmental review of air pollution impacts under CEQA.  This 
may include recommendations regarding significance thresholds, analytical tools to 
estimate emissions and assess impacts, and mitigations for potentially significant 
impacts.  Although districts will also address some of these issues on a project-specific 
basis as responsible agencies, they may provide general guidance to local governments 
on these issues. 
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Because of its expertise in establishing air quality analysis methodologies and 
comprehensive efforts to establish regional and localized significance thresholds for 
criteria pollutants, local public agencies have asked South Coast Air Quality 
Management District (SCAQMD) for guidance in quantifying GHG impacts and 
recommending GHG significance thresholds to assist them with determining whether 
or not GHG impacts in their CEQA documents are significant.  As a result, SCAQMD 
staff has received requests from a number of public agencies and other stakeholders to 
provide guidance on analyzing GHG impacts and establishing a GHG significance 
threshold.  In response to these requests from the various stakeholders, SCAQMD 
established a stakeholder working group to receive input on establishing a GHG 
significance threshold.  In the meantime, SCAQMD staff has joined many other 
stakeholders urging CARB to establish a statewide threshold for GHGs.  In the 
absence of a statewide threshold, SCAQMD staff will recommend its interim approach 
to the Governing Board for consideration and it will also become the SCAQMD’s 
input to the statewide process. 

PURPOSE OF THIS GUIDANCE DOCUMENT 

The purpose of this Guidance Document, therefore, is to provide information on GHG 
legislation relative to CEQA, a brief summary of the Working Group process, 
development of the resulting staff-recommended interim GHG significance threshold 
proposal, and how to use it.  This Guidance Document also provides information on 
the SCAQMD’s authority to establish a GHG significance threshold pursuant to 
CEQA and some background information on GHGs and global climate change.  This 
Guidance Document also discusses future efforts to further refine the interim GHG 
significance threshold as necessary, includes recommendations for analyzing GHG 
impacts using current modeling tools, and describes measures to mitigate GHG 
emission impacts. 

CALIFORNIA ENVIRONMENTAL QUALITY ACT AND GHGS 

  California Attorney General’s Office 

Subsequent to adopting AB 32, the California Attorney General’s Office determined 
that GHG emissions contributing to global climate change also contribute to potential 
adverse environmental impacts that should be evaluated pursuant to the California 
Environmental Quality Act (CEQA).  The Attorney General’s Office has submitted 
numerous comment letters to lead agencies on their CEQA documents for failure to 
analyze GHG emissions, failure to make a significance determination, and failure to 
implement feasible mitigation measures to reduce GHG emissions to the maximum 
extent feasible. 

For example, the California Attorney General, on behalf of the people of California, 
filed a legal challenge against the County of San Bernardino for failure to analyze 
“reasonably foreseeable” GHG emissions in the CEQA document prepared for its 
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General Plan update.  The County reached a settlement with the Attorney General by 
committing to developing a GHG inventory and a plan for reducing GHGs. 

Similarly, the California Attorney General submitted comments on the CEQA 
document for a refinery in northern California.  Although GHG emissions were 
quantified, the Attorney General cited the failure of the lead agency to make a 
determination of significance relative to GHG emissions stating, “[E]ven if there is no 
established threshold in law or regulation, lead agencies are obligated by CEQA to 
determine significance.  Neither CEQA, nor the regulations, authorize reliance on the 
lack of an agency-adopted standard as the basis for determining that a project’s 
potential cumulative impact is not significant.”  In other words, the absence of a 
threshold does not in any way relieve lead agencies of their obligations to address 
GHG emissions from projects under CEQA.  By not concluding whether or not a 
project is significant, the lead agency may be avoiding its responsibility to implement 
GHG mitigation measures.   

  Senate Bill (SB) 97 – CEQA: Greenhouse Gas Emissions 

In August 2007, Governor Schwarzenegger signed into law Senate Bill (SB) 97 – 
CEQA: Greenhouse Gas Emissions stating, “This bill advances a coordinated policy 
for reducing greenhouse gas emissions by directing the Office of Planning and 
Research (OPR) and the Resources Agency to develop CEQA guidelines on how state 
and local agencies should analyze, and when necessary, mitigate greenhouse gas 
emissions.”  Specifically, SB 97 requires OPR, by July 1, 2009, to prepare, develop, 
and transmit to the Resources Agency guidelines for the feasible mitigation of 
greenhouse gas emissions or the effects of greenhouse gas emissions, as required by 
CEQA, including, but not limited to, effects associated with transportation or energy 
consumption.  The Resources Agency would be required to certify and adopt those 
guidelines by January 1, 2010.  OPR would be required to periodically update the 
guidelines to incorporate new information or criteria established by the State Air 
Resources Board pursuant to the California Global Warming Solutions Act of 2006.  
SB 97 also identifies a limited number of types of projects that would be exempt under 
CEQA from analyzing GHG emissions.  Finally, the legislation will be repealed on 
January 1, 2010. 

  Office of Planning and Research Technical Advisory 

Consistent with SB 97, on June 19, 2008, OPR released its Technical Advisory on 
CEQA and Climate Change, which was developed in cooperation with the Resources 
Agency, the California Environmental Protection Agency (Cal/EPA), and the 
California Air Resources Board (CARB).  According to OPR, the Technical Advisory 
offers the informal interim guidance regarding the steps lead agencies should take to 
address climate change in their CEQA documents, until CEQA guidelines are 
developed pursuant to SB 97 on how state and local agencies should analyze, and 
when necessary, mitigate greenhouse gas emissions. 

According to OPR, lead agencies should determine whether greenhouse gases may be 
generated by a proposed project, and if so, quantify or estimate the GHG emissions by 
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type and source.  Second, the lead agency must assess whether those emissions are 
individually or cumulatively significant.  When assessing whether a project’s effects 
on climate change are “cumulatively considerable” even though its GHG contribution 
may be individually limited, the lead agency must consider the impact of the project 
when viewed in connection with the effects of past, current, and probable future 
projects.  Finally, if the lead agency determines that the GHG emissions from the 
project as proposed are potentially significant, it must investigate and implement ways 
to avoid, reduce, or otherwise mitigate the impacts of those emissions. 

  SB 375 (Steinberg) Transportation, Land Use, and the California Environmental 
Quality Act (CEQA) 

On September 30, 2008, Governor Schwarzenegger signed into law SB 375 
(Steinberg).  SB 375 focuses on housing and transportation planning decisions to 
reduce fossil fuel consumption and conserve farmlands and habitat. This legislation is 
important to achieving AB 32 goals because greenhouse gas emissions associated with 
land use, which includes transportation, are the single largest sector of emissions in 
California.  Further, SB 375 provides a path for better planning by providing 
incentives to locate housing developments closer to where people work and go to 
school, allowing them to reduce vehicle miles traveled (VMT) every year.  The 
following bullet points summarize some of the main provisions of the bill. 

• Require the regional governing bodies in each of the state’s major metropolitan 
areas to adopt, as part of their regional transportation plan, a “sustainable 
community strategy” that will meet the region’s target for reducing GHG 
emissions.  These strategies would get people out of their cars by promoting smart 
growth principles such as: development near public transit; projects that include a 
mix of residential and commercial use; and projects that include affordable 
housing to help reduce new housing developments in outlying areas with cheaper 
land and reduce vehicle miles traveled (VMT).  

• Create incentives for implementing the sustainable community strategies by 
allocating federal transportation funds only to projects that are consistent with the 
emissions reductions.  

• Provide various forms of CEQA relief by allowing projects that are shown to 
conform to the preferred sustainable community strategy through the local general 
plans (and therefore contribute to GHG reduction) to have a more streamlined 
environmental review process.  Specifically, SB 375 will change CEQA in two 
ways:  

 If a development is consistent with the sustainable community’s strategy and 
incorporates any mitigation measures required by a prior EIR, then the 
environmental review does not have to consider: a) growth-inducing impacts, or 
b) project-specific or cumulative impacts from cars on global warming or the 
regional transportation network. 
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 A narrowly-defined group of “transit priority projects” will be exempt from 
CEQA review. 

LEGAL AUTHORITY 

CEQA Guidelines §15022(a) states that a public agency shall adopt objectives, 
criteria, and specific procedures consistent with CEQA and these [State] Guidelines 
for administering its responsibilities under CEQA.  CEQA Guidelines §15022(d) 
states further, “In adopting procedures to implement CEQA, a public agency may 
adopt the State CEQA Guidelines through incorporation by reference. The agency 
may then adopt only those specific procedures or provisions described in subsection 
[15022] (a) which are necessary to tailor the general provisions of the guidelines to the 
specific operations of the agency.” At the December 11, 1998 Public Hearing the 
SCAQMD’s Governing Board formally incorporated by reference the State CEQA 
Guidelines as the implementing guidelines for the SCAQMD’s CEQA program.  
Adopting GHG significance thresholds would be consistent with CEQA Guidelines 
§15022 provision to tailor a public agency’s implementing guidelines by adopting 
criteria relative to the specific operations of the SCAQMD. 

Specifically with regard to thresholds of significance, CEQA Guidelines §15064.7(a) 
states, "Each public agency is encouraged to develop and publish thresholds of 
significance that the agency uses in the determination of the significance of 
environmental effects.” Subsection (b) of the same section states further, “Thresholds 
of significance to be adopted for general use as part of the lead agency’s 
environmental review process must be adopted by ordinance, resolution, rule or 
regulation, and developed through a public review process and be supported by 
substantial evidence.”  Staff’s recommended GHG significance threshold has 
undergone a public review process as part of stakeholder working group meetings that 
are open to the public. This Guidance Document provides the substantial evidence 
relative to the methodology for developing the interim GHG significance threshold. 
After completion of the public process, the proposed interim GHG significance 
threshold will be brought to the SCAQMD’s Governing Board at a public meeting, 
where it will be considered for adoption by resolution, consistent with CEQA 
Guidelines §15064.7(b). Staff’s proposed interim GHG significance threshold is a 
recommendation only for lead agencies and not a mandatory requirement. The GHG 
significance threshold may be used at the discretion of the local lead agency.  
However, if adopted the SCAQMD will use the interim GHG significance threshold 
for projects where it is the lead agency. 

  Considerations When Establishing Significance Thresholds 

No significance thresholds for GHG emissions have been developed, adopted, or 
endorsed statewide or at the local level1.  Air districts have primary authority under 

                                                           
1 In response to comments submitted by the Attorney General’s Office on a dairy project, the San Joaquin 
Valley Air Pollution Control District (SJVAPCD) identified a significance threshold of 38,477 metric tons of 
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state law for "control of air pollution from all sources, other than emissions from 
motor vehicles" (H&SC §40000).  The term air contaminant or "air pollutant" is 
defined extremely broadly, to mean "any discharge, release, or other propagation into 
the atmosphere" and includes, but is not limited to, soot, carbon, fumes, gases, 
particulate matter, etc.  Greenhouse gases and other global warming pollutants such as 
black carbon would certainly be included in this definition.  The U.S. Supreme Court 
held in Massachusetts v. EPA 549 U.S. 497 (2009) that greenhouse gases were clearly 
within the Federal Clean Air Act’s broad definition of air pollutants.  Therefore, air 
districts have the authority to regulate global warming pollutants primarily from non-
vehicular sources, while pursuant to AB 32 CARB has authority over a wide range of 
sources, including vehicular sources. 

Appendix G of the CEQA Guidelines provides a checklist of suggested environmental 
topics that should be addressed in a CEQA document.  Questions under each 
environmental topic area are designed to elicit information on whether a project has 
the potential to generate significant adverse environmental impacts to that 
environmental topic area.  However, neither the CEQA statutes nor the implementing 
Guidelines discuss or identify thresholds of significance or particular methodologies 
for performing an impact analysis.  These tasks are left to a lead agency’s judgment 
and discretion, based upon factual data and guidance from regulatory agencies and 
other sources where available and applicable.   

The determination of whether a project may have a significant effect on the 
environment calls for careful judgment on the part of the public agency involved, 
based to the extent possible on scientific and factual data. An ironclad definition of 
significant effect is not always possible because the significance of an activity may 
vary with the setting. For example, an activity which may not be significant in an 
urban area may be significant in a rural area (CEQA Guidelines §15064(b)).  Further, 
in evaluating the significance of the environmental effect of a project, the Lead 
Agency shall consider direct physical changes in the environment which may be 
caused by the project and reasonably foreseeable indirect physical changes in the 
environment which may be caused by the project (§15064(d)).  Significance 
conclusions must be based on substantial evidence, which includes facts, reasonable 
assumptions predicated upon facts, and expert opinion supported by facts (CEQA 
Guidelines §15064(f)(5)). 

Each public agency is encouraged to develop and publish thresholds of significance 
that the agency uses in the determination of the significance of environmental effects.  
A threshold of significance is essentially a regulatory standard or set of criteria that 
represent the level at which a lead agency finds a particular environmental effect of a 
project to be significant.  Specifically, a threshold of significance is an identifiable 
quantitative, qualitative or performance level of a particular environmental effect, non-
compliance with which means the effect will normally be determined to be significant 

                                                                                                                                                                                
carbon dioxide equivalent per year (MT CO2eq./yr).  According to SJVAPCD staff, the agency currently has 
no plans to formally adopt this significance threshold through a public process. 
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by the agency and compliance with which means the effect normally will be 
determined to be less than significant (§15064.7(a)). 

Even in the absence of clearly defined significance thresholds for GHG emissions, the 
California Attorney General has advised that such emissions from CEQA projects 
must be disclosed and mitigated to the extent feasible whenever the lead agency 
determines that the project contributes to a significant, cumulative climate change 
impact. 

CONTENTS OF THIS GUIDANCE DOCUMENT 

The following subsections provide brief summaries of the chapters contained in this 
guidance document. 

  Summaries of Chapter 1 

Chapter 1 is the introductory chapter of this document that contains general 
background information on GHGs and the determination that GHGs must be analyzed 
in CEQA documents.  There is also information on CEQA legislation related to GHGs 
and global climate change.  Finally, the chapter contains information on the legal 
authority that allows the SCAQMD to adopt significance thresholds for the purpose of 
determining the severity of impacts analyzed in CEQA documents 

  Summaries of Chapter 2 

Chapter 2 contains more detailed background information on GHG emissions relative 
to global climate change, both internationally and nationally.  This chapter also 
provides more detailed information on legislation to reduce GHG house gas emissions, 
e.g., Assembly Bill 32 – the Global Warming Solutions Act of 2006, etc.  Finally, 
Chapter 2 contains information on early guidance on evaluating GHG emissions in 
CEQA documents. 

  Summaries of Chapter 3 

Chapter 3 contains information on the working group established by the SCAQMD to 
provide feedback to staff on the development of an interim GHG significance 
threshold.  The chapter also includes discussions on considerations in establishing an 
interim GHG significance threshold and describes the current staff proposal for an 
interim GHG significance threshold. 

  Summaries of Chapter 4 

Chapter 4 contains general recommendations for analyzing GHG emissions in CEQA 
documents. 
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  Summaries of Chapter 5 

In Chapter 5 it is assumed that the SCAQMD Governing Board will adopt staff’s 
proposed interim GHG significance threshold.  Therefore, this chapter discusses future 
action items, including outreach to interested stakeholders, compiling lists of 
applicable GHG design features and mitigation measures, and periodic review and 
update, as necessary of the interim GHG significance threshold. 
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GENERAL BACKGROUND INFORMATION ON GHGS 

  Intergovernmental Panel on Climate Change 

In the last few years information and data have been compiled that demonstrate 
unequivocally that increases in average global air and ocean temperatures are occurring 
(IPCC, 2007a).  For example, 11 of the last 12 years (1995-2006) rank among the 12 
warmest years in the instrumental record of global surface temperature (since 1850).  The 
temperature increase is widespread over the globe and is greater at higher northern latitudes.  
Further, increases in sea level are consistent with global warming.  For example, global 
average sea level rose at an average rate of 1.8 [1.3 to 2.3]mm per year over 1961 to 2003 
and at an average rate of about 3.1 [2.4 to 3.8]mm per year from 1993 to 2003.  According 
to the IPCC (2007b), there is very high confidence, based on more evidence from a wider 
range of species, that recent warming is strongly affecting terrestrial, marine, and freshwater 
biological systems. 

One of the major drivers in global climate change has been directly linked to the increase in 
greenhouse gas (GHG) emissions due to human activities worldwide (Figure 2-1).  Carbon 
dioxide (CO2) is the most important anthropogenic GHG.  Annual CO2 emissions have 
increased approximately 80 percent between 1970 and 2004 (IPCC, 2007b) 

Figure 2-1 
Global Anthropogenic GHG Emissions 

 
Source – IPCC, 2007b:  (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) 
Share of different anthropogenic GHGs in total emissions in 2004 in terms of CO2-eq. (c) Share of different 
sectors in total anthropogenic GHG emissions in 2004 in terms of CO2-eq. (Forestry includes deforestation.) 
{WGIII Figures TS.1a, TS.1b, TS.2b} 

Human activities have been responsible for substantial increases in four long-lived GHGs, 
including: CO2, methane (CH4), nitrous oxide (N2O) and halocarbons (a group of gases 
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containing fluorine, chlorine or bromine).  Global increases in CO2 concentrations are due 
primarily to fossil fuel use, with land-use change providing another significant but smaller 
contribution. It is very likely that the observed increase in CH4 concentration is 
predominantly due to agriculture and fossil fuel use. The increase in N2O concentration is 
primarily due to agriculture (IPCC, 2007). 

According to the IPCC (2007), for the next couple of decades global temperatures are 
expected to rise approximately 0.2o C per decade under a variety of scenarios.  Further, 
global temperatures are expected to continue for centuries as a result of human activities due 
to the time scales associated with climate processes and feedbacks, even if GHG 
concentrations are stabilized.  As a result, based on the current understanding of climate-
carbon feedback, model studies show that substantial GHG emission reductions are 
necessary to avoid substantial increases in global air and ocean temperatures. 

LEGISLATIVE BACKGROUND – CALIFORNIA 

California has taken a leadership role in not only recognizing the future impacts to global 
climate change from anthropogenic sources of GHG emissions, but in establishing policies 
and adopting laws to substantially reduce GHG emissions by 2050.  In addition to the GHG 
legislation related to CEQA described in Chapter 1, California has adopted the following 
policies and laws that specifically address reducing GHG emissions. 

  Governor Schwarzenegger’s Executive Order (June 2005) 

In June 2005, Governor Arnold Schwarzenegger signed Executive Order (EO) S-3-05, 
which establishes greenhouse gas emission reduction targets in response to projected 
increases in global air and ocean temperatures.  Specifically, EO S-3-05 establishes the 
following three GHG emission reduction targets: 

• Reduce GHG emissions to 2000 emission levels by 2010; 

• Reduce GHG emissions to 1990 emission levels by 2020; and 

• Reduce GHG emissions to 80 percent below 1990 levels by 2050. 

Further, EO S-3-05 charges the California Environmental Protection Agency (CalEPA) 
secretary to coordinate with the Secretary of the Business, Transportation and Housing 
Agency, Secretary of the Department of Food and Agriculture, Secretary of the Resources 
Agency, Chairperson of the CARB, Chairperson of the Energy Commission and President of 
the Public Utilities Commission to develop a Climate Action Plan.  EO S-3-05 also charges 
the Secretary of CalEPA with the oversight of efforts to meet the above GHG emission 
reduction targets and the responsibility to prepare biannual reports on progress in meeting 
the GHG emission reduction targets. 
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  Global Warming Solutions Act of 2006 (Assembly Bill (AB) 32) 

The Global Warming Solutions Act of 2006 (AB 32) was adopted by the California State 
Legislature in 2006.  AB 32 assigns CARB the responsibilities of monitoring and reducing 
GHG emissions.  Specifically, AB 32 requires CARB to: 

• Establish a statewide greenhouse gas emissions cap for 2020, based on 1990 emissions, 
by January 1, 2008; 

• Adopt mandatory reporting rules for significant sources of greenhouse gases by January 
1, 2009; 

• Adopt a plan by January 1, 2009, indicating how emission reductions will be achieved 
from significant greenhouse gas sources via regulations, market mechanisms and other 
actions; 

• Adopt regulations by January 1, 2011, to achieve the maximum technologically feasible 
and cost-effective reductions in greenhouse gas, including provisions for using both 
market mechanisms and alternative compliance mechanisms; 

• Convene an Environmental Justice Advisory Committee and an Economic and 
Technology Advancement Advisory Committee to advise CARB; 

• Ensure public notice and opportunity for comment for all CARB actions; 

• To adopt rules for “sources” including non-vehicular; and 

• Prior to imposing any mandates or authorizing market mechanisms, CARB must 
evaluate several factors, including but not limited to impacts on California's economy, 
the environment and public health; equity between regulated entities; electricity 
reliability; conformance with other environmental laws, and must ensure that the rules 
do not disproportionately impact low-income communities.  

According to the schedule of milestones laid out in AB 32, CARB has made progress in the 
following areas.  Consistent with AB 32’s requirement to establish a GHG emission 
inventory, in December 2007 CARB adopted the California Greenhouse Gas Emission 
Inventory.  The Inventory accounts for all GHG emissions within the state of California and 
supports the AB 32 Climate Change Program.  Figure 2-2 shows CARB’s inventory for the 
year 2004.  The Inventory also serves as the basis for developing future year GHG emission 
forecasts necessary to support measure development and Scoping Plan recommendations. 
ARB staff has developed a year 2020 “business-as-usual” (BAU) forecast of GHG 
emissions for use in developing the Draft Scoping Plan.  Figure 2-3 shows CARB’s 
inventory for the year 2020, which is AB 32’s target inventory. 
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Figure 2-2 
2004 GHG Emissions by Sector (Gross  Emissions: 484.4 MMT CO2eq.) 

 

Source: CARB, 2007 

Figure 2-3 
1990 GHG Emissions by Sector (Gross Emissions: 433.3 MMT CO2eq.) 

 
Source: CARB, 2007 
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On December 6, 2007, the Air Resources Board (ARB) approved a regulation for the 
mandatory reporting of greenhouse gas emissions from major sources, pursuant to AB 32.  
The mandatory reporting regulation specifies the types of facilities that must report their 
GHG emissions, requirements for reporting and estimating the GHG emissions, and 
requirements for emissions verification.  Upon adoption, the CARB Board directed staff to 
make other conforming modifications, as may be appropriate, based on comments received.  
Subsequent to adoption, the mandatory reporting regulation has undergone two sets of 
modifications.  

Consistent with the requirement to develop a scoping plan indicating how GHG emission 
reductions will be achieved through regulations, market mechanisms, and other actions, the 
Draft Scoping Plan was released for public review and comment on June 26, 2008, followed 
by workshops in July and August, 2008.   

The Draft Scoping Plan calls for achievable GHG emission reduction in California’s carbon 
footprint to 1990 levels.  Reducing greenhouse gas emissions to 1990 levels means cutting 
approximately 30 percent from BAU emission levels projected for 2020, or about 10 percent 
from today’s levels.  Key elements of CARB’s preliminary recommendation for reducing 
California’s greenhouse gas emissions to 1990 levels by 2020 contained in the Draft 
Scoping Plan include the following: 

• Expansion and strengthening of existing energy efficiency programs and building and 
appliance standards; 

• Expansion of the Renewables Portfolio Standard for electricity generation to 33 percent; 

• Development of a California cap-and-trade program that links with other WCI Partner 
programs to create a regional market system; 

• Implementation of existing State laws and policies, including California’s clean car 
standards, goods movement measures, and the Low Carbon Fuel Standard; and  

• Targeted fees to fund the State’s long-term commitment to AB 32 administration. 

The Scoping Plan is expected go to the CARB Board for adoption in November, 2008. 

INITIAL GUIDANCE ON EVALUATING GHGS PURSUANT TO CEQA 

As noted in Chapter 1, both the California Attorney General’s Office and the OPR 
determined that GHG emissions contributing to global climate change have the potential to 
generate adverse environmental impacts that should be evaluated pursuant to CEQA.  Until 
recently, however, there has been little or no guidance relative to analyzing GHG emissions 
in CEQA documents or determining significance.  The first explicit guidance was provided 
by the Association of Environmental Professionals (AEP) in its White Paper on Global 
Climate Change (AEP, 2007) and the White Paper on CEQA and Climate Change prepared 
by the California Air Pollution Control Officers Association (CAPCOA, 2008).  The content 
of each of these White Papers is summarized in the following subsections.  
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  Association of Environmental Professionals – White Paper on Global Climate Change 

AEP’s White Paper (AEP) was one of the first attempts to discuss GHGs in the context of 
CEQA.  The intent of the White Paper was to provide practical, interim information to 
CEQA practitioners and to help Lead Agencies determine how to address GHGs and global 
climate change in CEQA documents prior to the development and adoption of guidance by 
appropriate government agencies.  Further, AEP’s White Paper provided a summary of the 
current regulatory environment surrounding GHG emissions, and the various approaches 
that a Lead Agency may select in a CEQA document to address the potential impacts of 
global climate change and a project’s cumulative contribution to GHG.  The White Paper 
described several approaches for addressing GHGs and global Climate Change in CEQA 
documents, but did not recommend a single approach or methodology, leaving that decision 
to local Lead Agencies.  The AEP White Paper identified eight approaches for analyzing 
GHGs and global climate change, which are summarized in the following bullet points. 

• Approach 1 – No Analysis:  under this approach the Lead Agency would not mention or 
discuss GHGs or global climate change. 

• Approach 2 – Screening Analysis:  under this approach the Lead Agency would 
establish a process to screen projects and determine that they would not make significant 
contributions to GHG emissions or GCC and, therefore, would not need to mitigate 
accordingly. 

• Approach 3 – Qualitative Analysis without Significance Determination:  this 
approach involves a qualitative discussion of GHGs and global climate change and 
potential ways the project will contribute to the generation of GHG emissions, but does 
not provide any significance conclusions. 

• Approach 4 – Qualitative Analysis with Significance Determination:  under this 
approach the Lead Agency would qualitatively discuss GHGs and climate change 
impacts and conclude that the project impacts are significant. 

• Approach 5 – Quantitative Analysis without Significance Determination:  under this 
approach the Lead Agency would quantify GHG emissions from the proposed project, 
but the results are not compared to a quantitative significance threshold. 

• Approach 6 – Quantitative Analysis with Net Zero Threshold:  this approach involves 
quantifying GHG emissions and using zero net carbon dioxide equivalent increase as the 
threshold. 

• Approach 7 – Quantitative Analysis Relative to California GHG Emission 
Reduction Strategies:  this approach employs both quantitative and qualitative 
components. The quantitative analysis contains an inventory of project GHG emissions. 
The qualitative component involves project compliance with the emission reduction 
strategies contained in the California Climate Action Team’s (CAT) Report to the 
Governor, which contains recommendations and strategies to help ensure the targets in 
Executive Order S-3-05 are met. 

• Approach 8 – Use of Partial Exemption, “Within the Scope” of a Program EIR, or 
Tiering:  this option relies on the preparation of a broad EIR on a plan, program, or 
zoning action that is certified and contains a cumulative GHG and global climate change 
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impact analysis and mitigation.  A later project that is consistent with the actions, goals, 
and/or policies in that plan, program, or zoning action need not again evaluate the 
cumulative impact regarding the project’s GHG contribution to global climate change.  In 
this situation, the later project may use the “partial exemption” provision of Public 
Resources Code §21083.3 and CEQA Guidelines §15183. 

Since the date that the AEP White Paper was finalized (June, 2007), it has become clear that 
any of the above eight options that do not include quantification of GHG emissions and a 
determination of significance would be vulnerable to legal challenge.  In addition, with the 
exception of the net zero approach in option 6, none of the options evaluated identify 
potential GHG significance thresholds.  Approaches to developing GHG significance 
thresholds were specifically addressed in CAPCOA’s White Paper (CAPCOA, 2008). 

  California Air Pollution Control Officers Association – White Paper: CEQA and Climate 
Change 

The intent of CAPCOA’s White Paper is to serve as a resource for public agencies as they 
establish procedures for reviewing GHG emissions from projects under CEQA.  It considers 
the application of thresholds and offers three alternative programmatic approaches toward 
determining whether GHG emissions are significant.  Although the White Paper considers 
an option of not establishing a GHG significance threshold, as already noted this option is 
not considered to be a viable approach and will not be considered further.  Ultimately, the 
White Paper is intended to provide consistent approaches for public agencies to ensure that 
GHG emissions are appropriately considered and addressed under CEQA. 

The CAPCOA White Paper identifies three programmatic approaches to establishing GHG 
significance thresholds and also discusses the benefits and problems associated with each 
approach.  Each approach has inherent advantages and disadvantages.  The three basic 
approaches are: 

• No significance threshold for GHG emissions (not discussed further); 

• GHG emissions threshold set at zero; or 

• GHG threshold set at a non-zero level, two approaches. 

The following subsections briefly summarize two of the three major programmatic 
approaches developed by CAPCOA. 

  Zero Threshold 

An air district or lead agency may determine that any degree of project-related increase in 
GHG emissions would contribute considerably to climate change which, therefore, would be 
considered a significant impact.  As a result, the air district or lead agency could adopt a 
zero-emission GHG threshold.  If the zero threshold option is chosen, the lead agency would 
be required to quantify and mitigate GHG emissions for all projects subject to CEQA, 
regardless of the size of the project or the availability of GHG reduction measures available 
to reduce the project’s emissions.  Projects that could not meet the zero-emission threshold 
would be required to undergo an environmental impact report (EIR) CEQA process to 
disclose the unmitigable significant impact, and develop the justification for a statement of 
overriding consideration to be adopted by the lead agency. 
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CAPCOA notes in the White Paper that if an air district or lead agency elects to adopt a zero 
threshold approach, it should consider the administrative costs and the environmental review 
system capacity.  Some projects that previously would have qualified for an exemption 
could require further substantial analysis, including preparation of a Negative Declaration 
(ND), a Mitigated Negative Declaration (MND) or an EIR.  Moreover, the trade-offs 
between the volume of projects requiring review and the quality of consideration given to 
reviews should be considered.  It may also be useful to consider whether meaningful 
mitigation can be achieved from smaller projects. 

  Approach 1: Non-Zero Threshold – Statute and Executive Order Approach 

According to CAPCOA, a non-zero GHG significance threshold could minimize the 
resources spent reviewing environmental analyses that do not result in real GHG reductions 
or to prevent the environmental review system from being overwhelmed.  The practical 
advantages of considering non-zero thresholds for GHG significance determinations can fit 
into the concept regarding whether the project’s GHG emissions represent a “considerable 
contribution to the cumulative impact” and therefore warrant analysis. 

The first non-zero GHG significance threshold approach is based on achieving the 
objectives of AB 32 or executive order EO S-3-05 and explores four possible options under 
this scenario.  A project would be required to meet the target objectives, or reduce GHG 
emissions to the target objectives, to be considered less than significant.  The options under 
this approach are variations of ways to achieve the 2020 goals of AB 32 from new 
development, which is estimated to be about a 30 percent reduction from business-as-usual.  
Table 2-1 summarizes the four statute and executive order approaches identified by 
CAPCOA.  SCAQMD staff has identified and included in Table 2-1 potential pros and cons 
identified for each option. 

  Approach 2: Non-Zero Threshold – Tiered Threshold Options 

The second non-zero GHG significance threshold approach is comprised of a number of 
tiered GHG significance threshold options.  Within this option, the CAPCOA White Paper 
discusses seven variations.  The tiered threshold options offer both quantitative and 
qualitative approaches to setting a threshold, as well as different metrics for establishing the 
various tiers.  Variations range from setting the first tier at zero to second tiers set at defined 
emission levels or based on the size of a project.  This approach would then prescribe a set 
of GHG mitigation strategies that would have to be incorporated into the project in order for 
the project to be considered less than significant.  CAPCOA notes that some applications of 
the tiered threshold approach may require inclusion in a General Plan or adoption of 
enabling regulations or ordinances to render them fully effective and enforceable.  The 
various tiered threshold options are summarized in Table 2-2.  SCAQMD staff has identified 
and included in Table 2-2 potential pros and cons identified for each option. 
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Table 2 – 1 
Statute and Executive Order Approach  

Threshold 
Number  

Description of Threshold  Pros* Cons* 

1.1  Project must reduce emissions compared to 
business as usual to be less than significant, 
two approaches:  

a. Project must reduce GHG emissions 33 
percent compared to business-as-usual  
(BAU) (2020 target), or 

b. Project must reduce GHG emissions 80 
percent compared to business-as-usual 
(2050 target). 

• Could reduce resource 
impacts compared to zero 
threshold, as not every 
project would require an 
EIR 

• Would achieve GHG 
reductions consistent with 
AB 32 

• A single threshold is easier 
to apply and understand 

• Could be viewed as 
setting a de minimis level 

• Fewer projects would 
trigger significance, thus, 
less mitigation 

• BAU should be defined 
by CARB  

• BAU may be difficult to 
define for all projects 

1.2  All new projects must reduce GHG emissions 
compared to BAU by a uniform percentage to 
be considered less than significant, e.g., 50 
percent.  

• Same as 1.1 
• May produce greater 

percent reduction of GHGs 
• Single threshold easier to 

apply & understand 

• Could produce 
substantially greater GHG 
reductions than 1.1, but 
may be difficult to 
achieve 

• BAU should be defined 
by CARB  

• BAU may be difficult to 
define for all projects 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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Table 2 – 1 (Concluded) 
Statute and Executive Order Approach 

Threshold 
Number  

Description of Threshold  Pros* Cons* 

1.3  Projects must reduce GHG emissions 
compared to business-as-usual by a uniform 
percentage based on economic sector to be less 
than significant, i.e., different reductions 
required for different market sectors.  

• Sector-specific approach 
may be more appropriate 
approach 

• Would take into account 
costs & available control 
technologies 

• Avoids over- or under-
regulation of GHGs per 
sector 

• Requires extensive 
information on emission 
inventories 

• Requires extensive 
information on control 
technologies 

• Difficult to determine 
percent reduction by 
sector 

• Because of information 
requirements, may be 
more viable in the long 
term 

1.4  Uniform GHG emission reduction by region. 
Regional GHG reduction plan developed 
consistent with AB32 emission reductions, e.g., 
reduce GHG emissions 33% or 80% compared 
to BAU. A project is not significant if its GHG 
emissions are consistent with plan.  

• Could tailor GHG 
reductions to specific 
regional needs 

• GHG reduction strategies 
could be integrated into 
regional plans 

• Would need to establish 
GHG regions 

• Requires extensive 
information on regional 
emission inventories 

• Because of the need to 
develop a regional plan, 
may be a more viable 
interim approach 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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Table 2 – 2 
Tiered Threshold Options  

Threshold 
Number 

Description of Threshold  Pros* Cons* 

2.1 This threshold employs a decision tree 
approach.  Tier 1, no increase in GHG 
emissions, not significant (zero threshold).  If 
GHG emissions greater than zero, tier two, use 
one of the following threshold options.  

• Tiered approach allows 
flexibility by establishing 
multiple thresholds to 
cover a wide range of 
projects 

• Tier 2 may minimize 
administrative burden & 
costs 

• Tiers could be set at 
different levels depending 
on GHGs, size & other 
project characteristics 

• Projects exceeding tier 2 
must implement mitigation 

• Tier 1 may increase 
administrative burdens & 
costs 

• There may not be 
meaningful mitigation for 
small projects 

• Available mitigation may 
consist of purchasing 
offsets 

• EJ concerns of purchasing 
offsets because of 
associated criteria 
pollutant emissions 

• Offset markets not well 
established 

2.2 Establish a quantitative threshold based on 
capturing a percentage, e.g., 90%, of future 
discretionary projects, CAPCOA’s threshold is 
900 metric tons CO2eq per year (equivalent to 
50 houses or 30,000 square feet of commercial 
space, i.e., CAPCOA assumes 90% of all 
projects are this size or greater).  Projects less 
than this would not be significant.  

• Would capture a larger 
percentage of projects in 
the district than is 
currently the case 

• Would exclude small 
projects from further GHG 
analysis 

• Single threshold easier to 
apply & understand 

• Would increase 
administrative & cost 
burden, especially in 
developing & moderate 
growth areas 

• May not be amenable to 
industrial projects because 
of the diversity of these 
projects 

• There may not be 
meaningful mitigation for 
small projects 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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Table 2 – 2 (Continued) 
Tiered Threshold Options 

Threshold 
Number 

Description of Threshold  Pros* Cons* 

2.3 This threshold is based on CARB’s proposed 
mandatory reporting threshold of 25,000 metric 
tons of CO2eq per year. Alternatively, use the 
Market Advisory Committee of 10,000 metric 
tons of CO2eq per year. Projects less than 
either would not be significant.  

• CARB estimates this 
threshold would capture 90 
% of all industrial projects 

• Single threshold easier to 
apply & understand 

• May not be amenable to 
industrial projects because 
of the diversity of these 
projects  

• There may not be 
meaningful mitigation for 
small projects 

2.4 This approach establishes a GHG threshold 
based on and analogous to a NOx/VOC criteria 
pollutant CEQA significance threshold and is 
established using the following four steps:  

a. Define NOx/VOC CEQA thresholds in 
tons per year (e.g., 10 t/yr)  

b. Define the regional NOx/VOC 
inventory in tons per year (e.g., annual NOx 
inventory for 2005 from 2007AQMP ~ 
375,585 t/yr)  

c. Calculate percentage of NOx/VOC 
inventory the significance threshold represents 
(10 / 375,585 = 0.00003) to obtain “minimum 
percentage of regulated inventory” for 
NOx/VOC.  

• Single threshold easier to 
apply & understand 

• Threshold cumbersome to 
derive 

• Threshold would change 
periodically as inventory 
goes up or down 

• Could have widely 
divergent thresholds by air 
basin because of varying 
inventories 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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Table 2 – 2 (Continued) 
Tiered Threshold Options 

Threshold 
Number 

Description of Threshold  Pros* Cons* 

2.4 

(Cont.) 

d. Define California GHG emission 
inventory for 2004 in tons CO2eq per year 
(499 MMT CO2eq). Apply minimum 
percentage of regulated inventory to California 
GHG inventory for 2004 to develop a GHG 
threshold analogous to the CEQA Threshold 
(e.g., 0.00003 x 499 MMT = 14,970 metric 
tons CO2eq per year = significance threshold).  

•  •  

2.5 Establish quantitative unit-based thresholds 
based on capturing a percentage, e.g., 90%, of 
future discretionary projects in specific market 
sectors (similar to 2.2 above). CAPCOA 
examples include:  
• 30,000 square-foot (SF) office =800 metric 

tons CO2eq per year;  
• 30,000 SF retail = 2,500 metric tons CO2eq 

per year; 
• 30,000 SF supermarket = 43,000 metric 

tons CO2eq per year. 

• Would capture a larger 
percentage of projects in 
the district than is 
currently the case 

• Would exclude small 
projects from further GHG 
analysis 

• Single threshold easier to 
apply & understand 

• Would increase 
administrative & cost 
burden, especially in 
developing & moderate 
growth areas 

• May not be amenable to 
industrial projects because 
of the diversity of these 
projects 

• There may not be 
meaningful mitigation for 
small projects 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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Table 2 – 2 (Concluded) 
Tiered Threshold Options 

Threshold 
Number 

Description of Threshold  Pros* Cons* 

2.6 This threshold would include tiered CEQA 
thresholds based on CEQA’s definition of 
“projects with statewide, regional or areawide 
significance (§15206(b)), which include:  
• Residential development > 500 dwellings  
• Shopping center or business establishment 

employing > 1,000 persons or > 500,000 
SF  

• Commercial office building employing 
>1,000 persons or > 250,000 SF  

• Hotel/motel > 500 rooms  
• Industrial, manufacturing or processing 

plant or industrial park employing > 1,000 
persons or > 600,000 SF  

• Could capture up to 50% 
of all future commercial 
development 

• May capture substantially 
less than 50% if future 
development, resulting less 
GHG mitigation 

• Percentage capture of 
industrial/manufacturing 
projects currently 
unknown 

2.7 Efficiency-based thresholds would be based on 
measurements of efficiency compared to 
intensity. Must be based on reasonable GHG 
emissions compared to business-as-usual.  

• Would benchmark GHG 
intensity against target 
levels of efficiency 

• Thresholds established to 
provide future foreseeable 
GHG reductions compared 
to BAU 

• Would support AB 32 
target objectives 

• Would require substantial 
data & possibly modeling 

• May be more appropriate 
as a threshold in the long 
term 

* Pros and cons reflect only SCAQMD staff’s evaluation of the approaches. 
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INTRODUCTION 

Because GHG emissions affect global climate, some have argued that it may be more 
appropriate for national or state agencies to establish significance thresholds or GHG 
emission reduction target objectives.  However, no agency has established GHG 
significance thresholds that could assist Lead Agencies with determining the 
significance of GHG emissions in CEQA documents.  In the absence of statewide 
guidance on this issue and in response to requests from a variety of stakeholders, the 
SCAQMD established a GHG Significance Threshold Stakeholder Working Group 
(Working Group) to establish an interim GHG significance threshold until such time 
as the state establishes a GHG significance threshold or provides recommended 
guidance on establishing a GHG significance threshold.  Staff’s goal is to reach 
consensus regarding an interim GHG significance threshold to the extent possible and 
take the staff proposal to the SCAQMD Governing for consideration and approval. 

The Working Group was formed to assist staff’s efforts to develop an interim GHG 
significance threshold an is comprised of a wide variety of stakeholders including: 
state agencies, OPR, CARB, and the Attorney General’s Office; local agencies, city 
and county planning departments, utilities such as sanitation and power, etc.; regulated 
stakeholders, industry and industry groups; and organizations, both environmental and 
professional.  Stakeholders were chosen based on their participation in other related 
stakeholder working groups and their expressed interest in participating in the 
developing a GHG significance threshold.  Working group meetings are open to the 
public and have been well attended.  The members of the Working Group and other 
interested parties who have requested to be notified of the meetings are listed in 
Appendix A.  Information on the progress of the Working Group, including agendas, 
overhead presentations, and letters received from the various stakeholders can be 
found at the following website: 
 https://www.aqmd.gov/ceqa/handbook/GHG/GHG.html. 

Part of the purpose of the Working Group is to provide a forum to solicit comments 
and suggestions from the various stakeholders to assist SCAQMD staff with 
developing an interim GHG significance threshold that is consistent with CEQA 
requirements for developing significance thresholds, is supported by substantial 
evidence, and provides guidance to CEQA practitioners with regard to determining 
whether GHG emissions from a proposed project are significant.   

SCAQMD staff held the first Working Group meeting in April 2008.  Except for 
September, Working Group meetings have been held on a monthly basis since April.  
Brief summaries of each Working Group meeting and the topics and staff GHG 
significance threshold proposals discussed to date are provided in Appendix B.  Staff’s 
initial proposed has been modified over time based on comments and concerns raised 
at Working Group meetings or in written comments.  The following sections 
summarize staff’s latest recommended interim GHG significance threshold proposal 
and some of the concepts necessary to understanding the various components of staff’s 
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proposal.  The latest staff proposal is considered to be a work-in-progress as staff is 
continuing to solicit further public input and suggestions. 

The following subsections briefly summarize the GHG significance threshold design 
criteria concepts included as part of staff’s proposed interim GHG significance 
threshold proposal.  Following the discussion of design concepts, SCAQMD staff’s 
current interim proposal is described. 

GHG ANALYSIS CONSIDERATIONS 

Before discussing quantification methodologies, it is necessary to consider design 
criteria that establish the parameters upon which the actual GHG analysis is based.  
The following subsections include discussions from the Working Group of some of 
the most important design criteria to be considered when quantifying GHG emissions.  
The following topics include some of the most important parameters that should be 
considered when quantifying GHG emissions and, therefore, should not be considered 
an exhaustive list of considerations as individual projects may include characteristics 
that may require additional considerations. 

 Policy Objective 

The overarching policy objective with regard to establishing a GHG significance 
threshold for the purposes of analyzing GHG impacts pursuant to CEQA is to establish 
a performance standard or target GHG reduction objective that will ultimate contribute 
to reducing GHG emissions to stabilize climate change.  Full implementation of the 
Governor’s Executive Order S-3-05 would reduce GHG emissions 80 percent below 
1990 levels or 90 percent below current levels by 2050.  It is anticipated that achieving 
the Executive Order’s objective would contribute to worldwide efforts to cap GHG 
concentrations at 450 ppm, thus, stabilizing global climate. 

As described below, staff’s recommended interim GHG significance threshold 
proposal uses a tiered approach to determining significance.  Tier 3, which is expected 
to be the primary tier by which the AQMD will determine significance for projects 
where it is the lead agency, uses the Executive Order S-3-05 goal as the basis for 
deriving the screening level.  Specifically, the Tier 3 screening level for stationary 
sources is base on an emission capture rate of 90 percent for all new or modified 
projects.  A 90 percent emission capture rate means that 90 percent of total emissions 
from all new or modified stationary source projects would be subject to some type of 
CEQA analysis, including a negative declaration, a mitigated negative declaration, or 
an environmental impact. 

Therefore, the policy objective of staff’s recommended interim GHG significance 
threshold proposal is to achieve an emission capture rate of 90 percent of all new or 
modified stationary source projects.  A GHG significance threshold based on a 90 
percent emission capture rate may be more appropriate to address the long-term 
adverse impacts associated with global climate change.  Further, a 90 percent emission 
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capture rate sets the emission threshold low enough to capture a substantial fraction of 
future stationary source projects that will be constructed to accommodate future 
statewide population and economic growth, while setting the emission threshold high 
enough to exclude small projects that will in aggregate contribute a relatively small 
fraction of the cumulative statewide GHG emissions.  This assertion is based on the 
fact that staff estimates that these GHG emissions would account for less than  one 
percent of future 2050 statewide GHG emissions target (85 MMTCO2eq/yr).  In 
addition, these small projects would be subject to future applicable GHG control 
regulations that would further reduce their overall future contribution to the statewide 
GHG inventory 

  GHG Pollutants 

Gases that trap heat in the atmosphere are often called greenhouse gases.  The Kyoto 
Protocol, adopted in December 1997, is an agreement under which industrialized 
countries will reduce their collective emissions of greenhouse gases by specified 
percentages, depending on the country, compared to 1990 levels.  The goal is to lower 
overall emissions of six greenhouse gases - carbon dioxide, methane, nitrous oxide, 
sulfur hexafluoride, hydrofluorocarbons, and perfluorocarbons, averaged over the 
period of 2008-2012. 

Similarly, AB 32 defines GHGs as including the following: carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons, perfluorocarbons, and 
sulfur hexafluoride (Health and Safety Code, section 38505(g)).  The most common 
GHG that results from human activity is carbon dioxide, followed by methane and 
nitrous oxide. 

Some greenhouse gases such as carbon dioxide occur naturally and are emitted to the 
atmosphere through natural processes and human activities.  Other greenhouse gases 
(e.g., fluorinated gases) are created and emitted solely through human activities.  The 
principal greenhouse gases that enter the atmosphere because of human activities are: 

• Carbon Dioxide (CO2): Carbon dioxide enters the atmosphere through the burning of 
fossil fuels (oil, natural gas, and coal), solid waste, trees and wood products, and also 
as a result of other chemical reactions (e.g., manufacture of cement).  Carbon dioxide is 
also removed from the atmosphere (or “sequestered”) when it is absorbed by plants as 
part of the biological carbon cycle.  

• Methane (CH4): Methane is emitted during the production and transport of coal, 
natural gas, and oil.  Methane emissions also result from livestock and other 
agricultural practices and by the decay of organic waste in municipal solid waste 
landfills.  

• Nitrous Oxide (N2O): Nitrous oxide is emitted during agricultural and industrial 
activities, as well as during combustion of fossil fuels and solid waste.  
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• Fluorinated Gases: Hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride 
are synthetic, powerful greenhouse gases that are emitted from a variety of industrial 
processes.  Fluorinated gases are sometimes used as substitutes for ozone-depleting 
substances (i.e., CFCs, HCFCs, and halons).  Fluorinated gases are typically emitted in 
smaller quantities, but because they are potent greenhouse gases, they are sometimes 
referred to as high global warming potential gases (high GWP gases).   

 Hydrofluorocarbons are manmade chemicals that have historically replaced 
Chlorofluorocarbons used in refrigeration and semiconductor manufacturing.  

 Perfluorocarbons are manmade chemicals that are by-products of aluminum 
smelting and uranium enrichment.  

 Sulfur hexafluoride is a manmade chemical that is largely used in heavy 
industry to insulate high voltage equipment and to assist in the manufacturing 
of cable cooling systems. 

GWP is a measure of how much a given mass of greenhouse gas is estimated to 
contribute to global warming.  It is a relative scale that compares the gas in question to 
the same mass of carbon dioxide (whose GWP is by definition 1).  A GWP is 
calculated over a specific time interval and the value of this must be stated whenever a 
GWP is quoted or else the value is meaningless.  A substance's GWP depends on the 
time span over which the potential is calculated.  A gas which is quickly removed 
from the atmosphere may initially have a large effect but for longer time periods as it 
has been removed becomes less important.  For the purposes of a CEQA analysis, 
especially an analysis of operation emissions, the maximum GWP is typically used, 
regardless of the actual atmospheric lifetime.  This approach simplifies the analysis 
and provides a very conservative analysis, especially for the fluorinated gases.  The 
GWP of the six Kyoto GHGs is shown in Table 3-1. 

The SCAQMD staff recommends that a GHG analysis include the six Kyoto GHGs, to 
the extent emission factors are available primarily because there is more information 
on these GHGs than other potential GHGs.  Other GHGs would be added to the list as 
scientific information becomes available and agreed to by national or international 
protocols and agreements.   

Table 3-1 
Global Warming Potential of Kyoto GHGs 

Gas Atmospheric Lifetime GWP 

Carbon dioxide (CO2) 50 – 200 1 

Methane (CH4) 12 + 3 21 

Nitrous oxide (N2O) 120 310 

HFC-23 (Hydrofluorocarbons) 264 11,700 

HFC-32 5.6 650 
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Table 3-1 (Concluded) 
Global Warming Potential of Kyoto GHGs 

Gas Atmospheric Lifetime GWP 

HFC-125 32.6 2,800 

HFC-134a 14.6 1,300 

HFC-143a 48.3 3,800 

HFC-152a 1.5 140 

HFC-227ea 36.5 2,900 

HFC-236fa 209 6,300 

HFC-4310mee 17.1 1,300 

CF4 (Perfluorocarbons) 50,000 6,500 

C2F6 10,000 9,200 

C4F10 2,600 7,000 

C6F14 3,200 7,400 

Sulfer hexafluoride (SF6) 3,200 23,900 
Source: U.S. EPA (http://www.epa.gov/) 

Carbon black, a form of particulate air pollution most often produced from biomass 
burning, cooking with solid fuels and diesel exhaust, may also have a warming effect 
in the atmosphere.  It is estimated that carbon black’s contribution to climate change is 
second only to carbon dioxide.  Carbon black contributes to global warming by 
absorbing heat while airborne in the atmosphere.  Carbon black is of particular 
concern in the arctic because it settles on ice and snow, reducing its reflectivity and 
increasing the rate of melting. 

Based on a survey of available information, there are little data available for 
calculating carbon black effects on global warming.  As a result, SCAQMD staff is not 
recommending analyzing carbon black effects on global warming.  As information 
becomes available, staff will reconsider adding carbon black to the list of GHGs to be 
analyzed in CEQA documents. 

  Business-As-Usual (BAU) 

In CARB’s Scoping Plan (CARB, 2008) CARB states that the BAU case is a 
representation of what the state of the California economy will be in the year 2020 
assuming that none of the measures recommended in the Scoping Plan are 
implemented.  CARB’s projected BAU GHG emissions in 2020 are shown in Table 3-
2. 
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Table 3-2 
2002-2004 Average Emissions and 2020 Projected Emissions (Business-as-Usual)  

(MMTCO2E) 
 

Sector 2002-2004 Average 
Emissions 

Projected 2020 
Emissions [BAU] 

Transportation 179.3 225.4 
Electricity 109.0 139.2 
Commercial and Residential 41.0 46.7 
Industry 95.9 100.5 
Recycling and Waste 5.6 7.7 
High GWP 14.8 46.9 
Agriculture 27.7 29.8 
Forest Net Emissions - 4.7 0.0 
Emissions Total 469 596 
Source: CARB, 2008 – Scoping Plan, Table 1 

CARB’s Scoping Plan states further that continuing increases in global greenhouse gas 
emissions at BAU rates would result, by late in the century, in California losing 90 
percent of the Sierra snow pack, sea level rising by more than 20 inches, and a three to 
four times increase in heat wave days, flood damage, etc.  To avoid future foreseeable 
environmental impacts to California, the Scoping plan calls for an ambitious but 
achievable reduction in California’s carbon footprint.  Reducing greenhouse gas 
emissions to 1990 levels means reducing approximately 30 percent from BAU 
emission levels projected for 2020, or about 15 percent from today’s levels.  On a per-
capita basis, that means reducing our annual emissions of 14 tons of carbon dioxide 
equivalent for every man, woman and child in California down to about 10 tons per 
person by 2020. 

Although CARB’s Scoping Plan calls for reducing GHG emissions 30 percent from 
BAU levels, it does not explicitly define BAU.  There is, however, a brief definition of 
BAU in CARB’s GHG inventory document (CARB, 2007).  In that document CARB 
describes BAU as: 

• BAU is based on GHG emissions estimates in the absence of policies and 
reduction measures, and 

• BAU is based on forecasted demographic and economic growth. 

In its White Paper, CAPCOA provides a more detailed definition of BAU compared to 
the above definition in CARB’s inventory document.  In the White Paper BAU is 
defined as follows: 

• The projection of GHGs into the future based on current technologies and 
regulations;  
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• The adoption of new GHG reduction regulations, e.g., CARB’s Scoping Plan 
measures, in the future establishes new BAU, i.e., the definition of BAU evolves 
over time; and 

• BAU will normally define the CEQA no project alternative, but does not 
necessarily form the project baseline. 

Based on the above definitions and discussions from the Working Group, SCAQMD 
staff defines BAU as the following  

• Is used to project project’s future emissions (consistent with CAPCOA and CARB 
definitions), i.e., level from which GHG reductions must occur; 

• Is based first and foremost on current regulatory requirements (consistent with 
CAPCOA and CARB definitions); 

• Regulatory requirements may determine current technology, e.g., advanced 
technology may be available, but not required, such as combined cycle gas turbine; 

• Will normally define the no project alternative (consistent with CAPCOA and 
CARB definitions); and 

• May be used to establish a project’s CEQA baseline, only if consistent with CEQA 
Guidelines §15125. 

The importance of BAU lies not only in the fact that it is a methodology for 
calculating a project’s future emissions, is also forms the emission level from which 
GHG emission reductions must occur.  SCAQMD staff’s current GHG significance 
threshold proposal includes the Tier 4 compliance option 1 that establishes a 
performance standard of reducing GHG emissions 30 percent below the project’s 
projected BAU emissions through design features and/or mitigation measures.  A 30 
percent reduction from BAU is consistent with the target objectives of AB 32 and 
CARB’s Scoping Plan.  The intent of the Tier 4 compliance option 1 is to provide a 
feasible target objective, that will not only contribute to achieving the AB 32 target 
objective, but will also contribute to achieving the 2050 target of the Governor’s 
Executive Order S-3-05, which establishes of target objective of reducing GHG 
emissions 80 percent below 1990 levels or a 90 percent reduction from current BAU 
estimates. 

As recognized by CAPCOA and SCAQMD, BAU will evolve over time as the current 
regulatory framework changes to implement GHG reduction strategies, either 
statewide strategies, e.g., CARB’s Scoping Plan, or any future federal strategies.  
Evolving BAU creates two issues for the CEQA practitioner.  First, staff’s proposed 
Tier 4 compliance option 1 target objective is unchanged from 30 percent, then over 
time as BAU changes to incorporate GHG reduction strategies, achieving the target 
objective will become more difficult.  Second, any GHG significance thresholds that 
rely on BAU will have higher uncertainties because they rely on a constantly changing 
BAU, which may be difficult to define. 
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To resolve some of these issues of an evolving definition of BAU, SCAQMD staff 
recommends that a statewide definition be developed by CARB that is updated 
periodically.  Until such time as a statewide definition of BAU is developed, the 
SCAQMD staff will rely on the above definition.  Because the SCAQMD’s staff’s 
GHG significance proposal is considered to be an interim proposal, future updates or 
revisions to staff’s proposal would also include updates to BAU or the target objective 
as BAU levels decline over time.  It may be that a target objective percent reduction 
from BAU levels is a short-term GHG threshold proposal and may become less 
important in the future as other concepts are evaluated and more fully developed. 

  GHG Source Categories to Analyze 

Life Cycle Analysis 

CEQA requires that the lead agency analyze direct and indirect impacts from a 
proposed project, giving due consideration to short-term and long-term effects (CEQA 
Guidelines 15126.2(a)).  In the case of GHG pollutants a systems approach to 
evaluating the consequences of a particular product, process or activity may be more 
appropriate because of the long atmospheric lifetimes of the various GHGs (see Table 
3-1).  One of the most effective ways of evaluating GHGs using a systems approach is 
through the preparation of a life cycle analysis (LCA).   

The goal of a life cycle analysis is to compare the full range of environmental damages 
assignable to products and services, to be able to choose the least burdensome one.  
The term 'life cycle' refers to the concept that a fair, holistic assessment requires the 
assessment of raw material production, manufacture, distribution, use and disposal 
including all intervening transportation steps necessary or caused by the product's 
existence.  The sum of all those steps - or phases - is the life cycle of the product. 

Performing a life cycle analysis may be difficult for a number of projects or processes 
because life cycle emission factors may not be well established for many activities or 
projects and the life cycle process itself may not be known or well-defined.  
SCAQMD staff, however, recommends that life cycle analyses be prepared for all 
projects undergoing a CEQA analysis, as this will produce a more defensible 
approach.  If, however, any component of the life cycle analysis is unavailable, 
unknown, or not supported by scientific evidence, the lead agency should note such an 
analysis would be speculative pursuant to CEQA Guidelines §15145 and terminate 
discussion of that impact. 

Direct/Indirect Impacts 

Consistent with CEQA, indirect and direct impacts of the project, typically within 
California, are required to be analyzed in the CEQA document for a proposed project.  
The analysis of direct GHG impacts is relatively straightforward as onsite GHG 
sources or directly related offsite GHG sources, such as worker commute trips, are 
generally readily identifiable. Indirect GHG emission sources are less obvious, but 
may include some of the sources identified in the following paragraphs.  In general, 
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for most projects information on direct and indirect emissions may be available, rather 
than a full life-cycle analysis of emissions.  The lead agency has typically been 
expected to address emissions that are closely related and within the capacity of the 
project proponent to control and/or influence.   

Direct Impacts - are primary effects that are caused by a project and occur at the 
same time and place, such as emissions from boilers, heaters, or other onsite emissions 
sources.  Direct impacts generated by a project may include offsite sources directly 
related to the project such as emissions from worker commute trips, haul truck trips to 
import raw materials and/or export finished products or other goods.  

Direct GHG emission impacts will include both construction and operation activities.  
Because impacts from construction activities occur over a relatively short-term period 
of time, they contribute a relatively small portion of the overall lifetime project GHG 
emissions.  In addition, GHG emission reduction measures for construction equipment 
are relatively limited.  Therefore, SCAQMD staff is recommending that construction 
emissions be amortized over a 30-year project lifetime, so that GHG reduction 
measures will address construction GHG emissions as part of the operational GHG 
reduction strategies. 

Indirect Impacts - The CEQA Guidelines define indirect impacts as the following: an 
indirect physical change in the environment…which is not immediately related to the 
project, but which is caused indirectly by the project.  If a direct physical change in the 
environment in turn causes another change in the environment, then the other change 
is an indirect change in the environment (CEQA Guidelines §15064 (d)(2)).  Indirect 
or secondary effects may include growth-inducing effects and other effects related to 
induced changes in the pattern of land use, population density, or growth rate, and 
related effects on air and water and other natural systems, including ecosystems 
(CEQA Guidelines §15358)(a)(2)). 

DRAFT STAFF INTERIM GHG SIGNIFICANCE THRESHOLD 
PROPOSAL 

As indicated by the evolution of the staff proposal over time, SCAQMD has generally 
recommended a tiered decision tree approach to establishing a GHG significance 
threshold.  In CAPCOA’s White Paper, eight of the 12 significance threshold options 
are based on a tiered threshold approach (see also Table 2-2 in Chapter 2).  A tiered 
GHG significance threshold approach is an appealing approach because it provides 
flexibility in determining whether or not GHG emissions from a project are significant 
typically using a single methodology to establish various tiers that can be based on the 
physical size of the project, land use type, or other characteristics.  The tiered 
approach envisioned by SCAQMD staff would require quantification of GHG 
emissions for all projects that are subject to CEQA and quantification of the GHG 
reduction effectiveness of design parameters incorporated into the project and any 
mitigation measures imposed by the lead agency.  It may even be necessary to 
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quantify GHG emissions, if any, for projects that would otherwise qualify for a 
categorical exemption to document that no “cumulative impact of successive projects 
of the same type in the same place, over time is significant” (CEQA Guidelines 
§15300.2(b), or that there is no “reasonable possibility that the activity will have a 
significant effect on the environment due to unusual circumstances.”  (CEQA 
Guidelines §15300.2(c)). 

The CAPCOA White Paper also includes a discussion of a decision tree approach to 
tiering.  Instead of using a single methodology to establish tiers, a decision tree 
approach would use multiple methodologies to demonstrate significance for a broad 
range of projects/plans that may be difficult to address using a single GHG 
significance threshold methodology.  Using a decision tree approach promotes even 
greater flexibility in determining significance for a variety of project types. 

At the August 27, 2008 Working Group meeting #5, staff presented the revised interim 
GHG significance proposal #3, which included a tiered decision tree approach.  Unlike 
the decision tree approach discussed in CAPCOA’s White Paper, some tiers include 
multiple approaches for determining whether a project’s GHG emissions are 
significant, rather than using a single different methodology for each tier.   

For the purposes of determining whether or not GHG emissions from affected projects 
are significant, project emissions will include direct, indirect, and, to the extent 
information is available, life cycle emissions during construction and operation.  
Construction emissions will be amortized over the life of the project, defined as 30 
years, added to the operational emissions, and compared to the applicable interim 
GHG significance threshold tier.  The following bullet points describe the basic 
structure of staff’s tiered GHG significance threshold proposal for stationary sources. 
The components of revised staff proposal #3 are described in the following paragraphs 
and shown graphically in Figure 3-1. 

• Tier 1 – consists of evaluating whether or not the project qualifies for any applicable 
exemption under CEQA.  For example, SB 97 specifically exempts a limited number of 
projects until it expires in 2010.  If the project qualifies for an exemption, no further 
action is required.  If the project does not qualify for an exemption, then it would move 
to the next tier. 

• Tier 2 – consists of determining whether or not the project is consistent with a GHG 
reduction plan that may be part of a local general plan, for example.  The concept 
embodied in this tier is equivalent to the existing concept of consistency in CEQA 
Guidelines §§15064(h)(3), 15125(d), or 15152(a).  The GHG reduction plan must, at a 
minimum, comply with AB 32 GHG reduction goals; include emissions estimates 
agreed upon by either CARB or the SCAQMD, have been analyzed under CEQA, and 
have a certified Final CEQA document.  Further, the GHG reduction plan must include 
a GHG emissions inventory tracking mechanism; process to monitor progress in 
achieving GHG emission reduction targets, and a commitment to remedy the excess 
emissions if AB 32 goals are not met (enforcement).   
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Figure 3-1 
Revised Staff Proposal #3 Tiered Decision Tree Approach – August 27, 2008 
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If the proposed project is consistent with the local GHG reduction plan, it is not significant 
for GHG emissions.  If the project is not consistent with a local GHG reduction plan or 
there is no approved plan, the GHG reduction does not include all of the components 
described above, or there is no adopted GHG reduction plan, the project would move to 
tier 3.  

• Tier 3 – attempts to identify small projects that would not likely contribute to 
significant cumulative GHG impacts.  However, because of the magnitude of 
increasing global temperatures from current and future GHG emissions, staff is 
recommending that all projects must implement some measure or measures to 
contribute to reducing GHG emissions.  Therefore, Tier 3 includes a requirement that 
all residential/commercial projects with GHG emissions less than the screening level 
must include efficiency components that reduce a certaingo X percentage beyond the 
requirements of Title 24 (Part 6, California Code of Regulations), California's energy 
efficiency standards for residential and nonresidential buildings.  Project proponents 
would also have to reduce by a specified percentage electricity demand from water use, 
primarily electricity used for water conveyance. 

The most recentlyA past recommended screening level proposed by staff was 6,500 
MTCO2eq./year.  This screening level was derived using the SCAQMD’s existing 
NOx operational threshold as a basis.  The daily NOx operational significance 
threshold, 55 pounds per day was annualized, which results in 10 tons of NOx per 
year.   

Staff initially considered and then rejected a bifurcated screening level, that is one 
screening level for residential and commercial projects and a different screening 
level for industrial projects based on the URBEMIS modeling runs used to derive 
the 6,500 MTCO3eq/yr screening level because GHG emissions from industrial 
were of the same magnitude as the GHG emissions from residential and 
commercial projects.  Staff has reconsidered the bifurcated screening level 
approach as there is a more scientific basis for deriving the different screening 
levels.   

SCAQMD staff is now recommending a bifurcated screening level approach to 
address two greatly differing project types: industrial projects as opposed to 
residential and commercial projects (which are largely indirect sources).  The 
former category typically contains stationary source equipment whose emissions 
are largely permitted or regulated by the SCAQMD; whereas the latter category is 
mostly residential, commercial (may also include industrial) building structures that 
attract or generate mobile source emissions.  In light of the GHG reductions needed 
to stabilize the climate while considering implementation resource requirements, 
the policy objective used to establish the screening thresholds is to capture projects 
that represent approximately 90 percent of GHG emissions from new sources.  The 
following paragraphs describe the steps taken to derive the screening threshold 
values. 
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Industrial Projects:  Since the majority of GHG emissions in the district are 
comprised of CO2 emissions from burning natural gas rather than other types of 
fossil fuel, staff compiled reported annual natural gas consumption for 1,297115 
permitted facilities for 2006-2007 and rank-ordered the facilities to estimate the 
90th percentile of the cumulative natural gas usage for all permitted facilities.  
Operators of these facilities are required to report their emissions and associated 
throughput under the SCAQMD’s Annual Emission Reporting (AER) Program if 
any of their criteria pollutant emissions exceed four tons per year (100 tons per year 
for CO) or if the facility has any reportable air toxics emission.  Figure 3-2 shows 
that approximately 10 percent of facilities evaluated comprise more than 90 percent 
of the total natural gas consumption, which corresponds to 10,000 metric tons per 
year (tpy) of CO2 emissions.  This value represents a boiler with a rating of 
approximately 27 million British thermal units per hour (mmbtu/hour) of heat 
input, operating at an 25 80 percent capacity factor.  If the screening threshold of 
10,000 MTCO2eq./yr is implemented, based on the permitting activities for 2006-
2007 it will result in at least 31 additional MNDs or EIRs being prepared by the 
SCAQMD as the lead agency unless another tier option is selected to demonstrate 
no significant impacts for GHG emissions.   It should be noted that this analysis did 
not include other possible GHG pollutants such as methane, N2O; a life-cycle 
analysis; mobile sources; or indirect electricity consumption.  Therefore, under a 
10,000 MTCO2eq./yr screening level more projects would be required to go 
through an MND or EIR environmental analysis than is currently the case.  
Furthermore, when the SCAQMD acts as a lead agency, the stationary source 
equipment employed as part of the proposed project typically must comply with 
BACT or other SCAQMD rules, regulations, programs that require reducing 
criteria pollutants or air toxics.  Therefore, staff is proposing to replace the 6,500 
MTCO2/yr screening level with the 10,000 MTCO2eq/yr as the screening level in 
tier III for industrial projects when the SCAQMD is the lead agency for the project. 

Residential and Commercial Projects:  To achieve the same 90 percent GHG 
emission capture rate for this segment of projects GHG emissions from residential 
and commercial sectors were compared to the GHG emissions from the industrial 
sector including the in-state power plants.  The draft AB32 scoping plan indicates 
that based on statewide 2002-2004 average GHG emissions, the residential and 
commercial sectors account for approximately nine percent of the total statewide 
GHG inventory, while the industrial sector (including instate power plants) 
accounts for approximately 30 percent of the statewide GHG emission inventory.  
The inventory methodology for both sectors includes only on-site energy use, 
consistent with the staff approach taken in deriving the 10,000 tpy threshold.  
Assuming similar emission characteristics also exist for the residential and 
commercial sector (i.e., large residential or commercial projects, although fewer in 
numbers, contribute substantially more to the total emissions), it is estimated that at 
a threshold of approximately 3,000 MTCO2eq/yr emissions (10,000 x (9 percent / 
30 percent)) would capture 90 percent of the GHG emissions from new residential 
or commercial projects.  A series of sensitivity analyses was performed by the staff 
using URBEMIS to assess the likely project size for 3,000 MTCO2eq/yr emissions.  
Table 3-3 illustrates various projects by size and shape.  
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Figure 3-2 

Total Number of AER Facilities and Their Accumulative Reported NG Usage
FY 06-07
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Table 3-3 
URBEMIS Run Results for Residential/Commercial Projects Emitting Approximately 3,000 MTCO2 per Year* 

    Area Source Emissions Operational Emissions TOTAL 

  
Weighted Avg 

Trip Rate Size 
CO2 

(tons/year) 
CO2 

(MT/year) 
CO2 

(tons/year) CO2 (MT/year) CO2 (MT/year) 
Res - Single Unit 19.54 80 units 326.86 297.15 3003.56 2730.51 3027.65 
Res - Apt 9.17 175 units 422.70 384.27 2971.95 2701.77 3086.05 

Comm - Office 6.02 265,000 ft2 387.41 352.19 2961.75 2692.50 3044.69 

Comm - Bank 206.22 9,500 ft2 14.38 13.07 3192.90 2902.64 2915.71 
19.54 35 units 

Single/Apt 
9.17 100 units 

379.59 345.08 2964.82 2695.29 3040.37 

6.02 170,000 ft2 
Office/Bank 

206.22 3,400 ft2 
254.19 231.08 3042.71 2766.10 2997.18 

6.02 135,000 ft2 Office/Single 
19.54 40 units 

355.13 322.85 2956.32 2687.56 3010.41 

6.02 135,000 ft2 Office/Apt 
9.17 85 units 

403.19 366.54 2952.34 2683.95 3050.48 

206.22 3,700 ft2 Bank/Single 
19.54 50 units 

202.81 184.37 3052.93 2775.39 2959.76 

206.22 4,000 ft2 Bank/Apt 
9.17 100 units 

248.12 225.56 3042.64 2766.04 2991.60 

19.54 20 units 
9.17 65 units Single/Apt/Office 

6.02 100,000 ft2 

382.60 347.82 2945.26 2677.51 3025.33 

19.54 20 units 
9.17 65 units Single/Apt/Bank 

206.22 3,550 ft2 

241.78 219.80 3020.76 2746.15 2965.95 

            
Avg CO2 
(MT/year): 

3009.60 

*Offsite electricity use, water use, or other potential life cycle emissions not included.
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As shown in Table 3-3, this threshold would represent a residential development of 
about 70 single-family dwelling units.  It should be noted that the sensitivity 
analysis did not include GHG emissions from electricity use and water use.  As a 
result, similar to the earlier discussion of industrial projects, this screening level of 
3,000 MTCO2eq/yr could capture development projects less than 70 single-family 
dwelling units. 

In CAPCOA’s White Paper, it is suggested that a thresholds of 900 MTCO2eq/yr 
would capture 90 percent of all development projects, which should translate into at 
least 90 percent of GHG emissions from the residential and commercial sectors2.  
According to CAPCOA 900 MTCO2eq/yr equates to approximately 50 single-
family dwelling units.  This information appears to corroborate the SCAQMD 
staff’s finding that the policy objective of capturing 90 percent of all GHG 
emissions for this region can be achieved with a screening level of 3000 
MTCO2eq/yr.  Therefore, staff is recommending that this value be used by lead 
agencies for residential and commercial developments, including industrial parks, 
warehouses, etc. 

• Tier 4 – Decision Tree Options: consists of three decision tree options to demonstrate 
that a project is not significant for GHG emissions.  The three compliance options are 
as follows. 

Compliance Option 1 – the lead agency would calculate GHG emissions for a 
project using a BAU methodology.  Once GHG emissions are calculated, the 
project proponent would need to incorporate design features into the project and/or 
implement GHG mitigation measures to demonstrate a 30 percent reduction from 
BAU.  Although a 30 percent reduction below BAU is consistent with the target 
objectives of AB 32, it will continue to reduce GHG emissions beyond 2020, thus, 
contributing to GHG reductions pursuant to the Governor’s Executive Order S-3-
05 (a 90 percent reduction compared to current GHG emissions).  A 30 percent 
reduction is also considered to be an achievable GHG reduction target based on 
current technologies.   

Compliance Option 2 – this option consists of early compliance with AB 32 
through early implementation of CARB’s Scoping Plan Measures.  The intent of 
this compliance option is to accelerate GHG emission reductions from the various 

                                                           
2 Although the CAPCOA White Paper implies that 900 metric tons per year equates to a 90 percent 
capture rate, there is no explicit information provided in the White Paper that demonstrates this 
correlation.  Indeed, the CAPCOA authors state that 900 metric tons, which represents 
approximately 50 residential units, corresponds to widely divergent capture rate percentile rankings 
depending on the project location (see discussion on page 43 of the White Paper).  Percentile 
rankings were based on a survey of four cities in California.  A project of 900 metric tons per year 
representing a 90 percent capture rate appears to be a working assumption for which there appears to 
be no factual basis.  Further, although not explicitly stated, it is assumed that the 900 metric tons 
were derived using the URBEMIS2007 model.  It should be noted that that the URBEMIS2007 
model only quantifies CO2 emissions and direct emissions primarily from on-road mobile sources.  
It does not capture other GHG pollutants or indirect GHG emissions such as emissions from energy 
generation, water conveyance, etc.  Therefore, it is likely that a 50-unit residential project would 
actually generate higher GHG emissions than 900 metric tons per year. 
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sectors subject to CARB’s Scoping Plan to eliminate GHG emission, especially for 
those GHGs that have a long atmospheric lifetime such as CO2, sulfur 
hexafluoride, etc., to minimize future projected impacts to California from global 
climate change. 

Compliance Option 3 – this compliance option consists of establishing sector-
based performance standards.  For example, it may be possible to use the 1990 
inventory required under AB 32 to establish an efficiency standard such as pounds 
per person, pounds per worker, pounds per square feet, pounds per item 
manufactured, etc.  When calculating GHG emissions from a project, if they are 
less than the established efficiency standard the project would not be significant 
relative to GHG emissions, while projects exceeding the efficiency standard would 
be significant. 

If the lead agency or project proponent cannot achieve the performance standards 
on any of the compliance options in Tier 4, GHG emissions would be considered 
significant. 

• Tier 5 – under this tier, the lead agency would quantify GHG emissions from the 
project and the project proponent would implement offsite mitigation (GHG reduction 
projects) or purchase offsets to reduce GHG emission impacts to less than the proposed 
screening level.  In addition, the project proponent would be required to provide offsets 
for the life of the project, which is defined as 30 years.  If the project proponent is 
unable to obtain sufficient offsets, incorporate design features, or implement GHG 
reduction mitigation measures to reduce GHG emission impacts to less than the 
screening level, then GHG emissions from the project would be considered significant.  
Since it is currently uncertain how offsite mitigation measures, including purchased 
offsets, interact with future AB 32 Scoping Plan measures, the AQMD would allow 
substitution of mitigation measures that include an enforceable commitment to provide 
mitigation prior to occurrence of emissions and to prevent mitigating the same 
emissions twice. 

Mitigation Preference – If a project generates significant adverse impacts, CEQA 
Guidelines §15126.4 requires identification of mitigation measures to minimize 
potentially significant impacts.  Because GHG emissions contribute to global 
change, mitigation measures could be implemented locally, nationally, or 
internationally and still provide global climate change benefits.  Because reducing 
GHG emissions may provide co-benefits through concurrent reductions in criteria 
pollutants, when considering mitigation measures when the AQMD is the lead 
agency under CEQA, staff will implement mitigation measures that are real, 
quantifiable, verifiable, and surplus in the following order of preference. 

 Incorporate GHG reduction features into the project design, e.g., increase a 
building’s energy efficiency, use materials with a lower global warming 
potential than conventional materials, purchase building materials locally, etc. 

 Implement onsite measures that provide direct GHG emission reductions 
onsite, e.g., replace onsite combustion equipment (boilers, heaters, steam 
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generators, etc.) with more efficient combustion equipment, replace existing 
high global warming potential refrigerants with low global warming 
refrigerants, eliminate or minimize fugitive emissions, etc. 

 Implement neighborhood mitigation measure projects that could include 
incentives for installing solar power, increasing energy efficiency by 
exceeding Title 24 building standards through replacing low efficiency water 
heaters with high efficiency water heaters, increasing building insulation, 
using fluorescent bulbs, replacing old inefficient refrigerators with efficient 
refrigerators using low global warming potential refrigerants, etc.   

 Implement in-district mitigation measures such as any of the above identified 
GHG reduction measures; reducing vehicle miles traveled (VMT) through 
greater rideshare incentives, transit improvements, etc. 

 Implement in-state mitigation measures, which could include any of the above 
measures. 

 Implement out of state mitigation measure projects, which may include 
purchasing offsets if no other options are available. 

 CARB’s Interim GHG Significance Threshold Proposal 

In October 2008 CARB released its interim GHG significance threshold proposal 
and held a public workshop on October 27, 2008.  CARB’s threshold is considered 
to be an interim threshold because CARB staff intends to periodically review and 
change its threshold proposal as necessary.  CARB’s Preliminary Draft Staff 
Proposal (Proposal) states that non-zero GHG significance thresholds can be 
supported by substantial evidence.  Futher, different GHG significance thresholds 
may be established for different sectors.  Therefore, as part of its initial interim 
GHG significance threshold proposal CARB is proposing two separate GHG 
significance thresholds, one for new industrial projects and another for 
residential/commercial projects subject to CEQA.  CARB’s proposal uses a tiered 
approach (see Table 3-4).   
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Table 3-4 
Comparison of CARB’s and AQMD’s Interim GHG Significance Thresholds Approaches 

Stationary/Industrial Sector Projects Residential/Commercial Sector Projects 

 CARB AQMD CARB AQMD  (Not Recommended at 
this Time) 

Policy 
Objective 

 

Capture 90% of statewide 
stationary project emissions 

Capture 90% of district wide 
GHG emissions (industrial) 

Capture X% of statewide 
residential/commercial 
project emissions 

Capture 90% of district wide 
residential/commercial project 
GHG emissions 

Exemption Apply applicable 
exemption 

Apply applicable exemption Apply Applicable Exemption Apply Applicable Exemption 

Regional GHG 
Reduction 

Plan 

N.A. Project Consistent with 
Applicable GHG Reduction 
Plan with GHG inventorying, 
monitoring, enforcement, etc. 

Project Consistent with 
Applicable GHG Reduction 
Plan with GHG inventorying, 
monitoring, enforcement, etc. 

Project Consistent with 
Applicable GHG Reduction 
Plan with GHG inventorying, 
monitoring, enforcement, etc. 

Thresholds  Project < 7,000 
MTCO2eq/yr & meets 
construction & 
transportation performance 
standards 

GHG emissions from 
industrial project is < 10,000 
MTCO2eq/yr, includes 
construction emissions 
amortized over 30 years & 
added to operational GHG 
emissions 

Project meets construction & 
operation  performance 
tandards, e.g., energy, water 
use, waste & ransportation & 
< X MTCO2eq/yr 

Project is < 3,000 MTCO2eq/yr 
& exceeds Title 24 Energy 
Efficiency Standards by X%, if 
applicable – construction 
emissions amortized over 30 
years & added to operational 
GHG emissions 

Performance 
Standards 

See above NA See above 3 Compliance Options: 1) 
Reduce GHG emissions 30% 
below BAU; 2) Early 
Implement AB 32 Measure; 3) 
Comply with Performance 
Standard 

Offsets Offsite substitution allowed Implement offsite mitigation 
for life of project, i.e., 30 
years, with mitigation 
preference 

Offsite substitution allowed Implement offsite mitigation for 
life of project, i.e., 30 years 
with mitigation preference 

Determination GHG emissions significant, 
EIR is prepared, if meeting 
none of the above 

GHG emissions significant, 
EIR is prepared, if meeting 
none of the above 

GHG emissions significant, 
EIR is prepared, if meeting 
none of the above 

GHG emissions significant, 
EIR is prepared, if meeting 
none of the above 
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CARB’s interim GHG significance threshold for industrial sources was developed 
to capture “the vast majority (~90% statewide) of the GHG emissions from new 
industrial projects being subject to CEQA’s requirement to impose feasible 
mitigation.”  According to CARB’s Proposal, CARB staff used data from a survey 
of industrial boilers performed by the Oak Ridge National Laboratory in which it 
was concluded that small boilers with an input capacity of 10 MMBtu/hr 
corresponded to 93 percent of total industrial boiler input capacity, or 4,660 
MTCO2e/yr.  Using this result and accounting for process losses, purchased 
electricity, and water usage and wastewater discharge, CARB staff is 
recommending 7,000 MTCO2eq/yr as a GHG significance threshold for industrial 
projects.  The following bullet points summarize CARB’s proposed interim GHG 
significance threshold for industrial sources. 

• Box 1 – Apply any applicable categorical or statutory exemptions.  If the 
project does not qualify for an exemption, move to Box 2. 

• Box 2 – The industrial project must meet both of the following performance 
standards or equivalent mitigation measures to be deemed insignificant for 
GHGs: 

 Construction – Project must meet an interim performance standard for 
construction- related emissions (performance standard not yet 
defined). 

 Transportation – Project must meet an interim performance standard 
for transportation (performance standard not yet defined). 

AND 

 Project with mitigation will emit no more than 7,000 MTCO2eq/yr.  If 
the project does not qualify for either of the performance standards or 
exceeds 7,000 MTCO2eq/yr, move to Box 3. 

• Box 3 – Project is deemed significant and an EIR must be prepared. 

• CARB’s Preliminary Draft Proposal for Residential and Commercial projects is 
summarized in the following bullet points. 

• Box 1 – Apply any applicable categorical or statutory exemptions.  If the 
project does not qualify for an exemption, move to Box 2. 

• Box 2 – Project complies with a previously approved plan that addresses GHG 
emissions and must: include a GHG reduction target consistent with AB 32; be 
consistent with transportation-related target adopted by CARB pursuant to SB 
375; include a GHG inventory and mechanism for monitoring GHG emissions; 
include enforceable GHG requirements; include a mechanism for periodic 
updates to plan; and have a certified CEQA document.  If the project is 
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consistent with a GHG plan that includes all of these elements, it is presumed to 
be insignificant for GHGs.  If the project is not consistent with a GHG plan or 
there is no adopted GHG plan that includes all of the above elements, move to 
Box 3. 

• Box 3 – The residential/commercial project must meet all of the following 
performance standards or equivalent mitigation measures to be deemed 
insignificant for GHGs: 

 Construction – Project must meet an interim performance standard for 
construction- related emissions (performance standard not yet 
defined). 

 Operations – Project must meet the following performance standards: 
energy use performance standard defined in CEC’s Tier II Energy 
Efficiency goal; an interim performance standard for water use 
(performance standard not yet defined); an interim performance 
standard for waste (performance standard not yet defined); and an 
interim performance standard for transportation  (performance 
standard not yet defined). 

AND 

The project with performance standards or equivalent mitigation will emit no more 
than X MTCO2eq/yr (criterion to be developed).  If the project does not qualify for 
any one of the performance standards or exceeds X MTCO2eq/yr, move to Box 4. 

• Box 4 – Project is deemed significant and an EIR must be prepared. 

For a detailed description of CARB’s interim GHG significance threshold proposal, 
refer to the following URL: 
http://www.arb.ca.gov/cc/localgov/ceqa/meetings/102708/prelimdraftproposal1024
08.pdf. 

CARB is currently accepting comments on its Draft Proposal and has scheduled a 
second public workshop on December 9, 2008.  CARB staff currently anticipates 
taking their proposal to their Board in February 2009. 
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INTRODUCTION 

As noted in Chapter 1, on June 19, 2008, OPR, in collaboration with the California 
Resources Agency, the California Environmental Protection Agency and the 
California Air Resources Board, released a Technical Advisory containing informal 
guidance for public agencies as they address the issue of climate change in their 
CEQA documents.  With regard to analyzing GHG emission impacts OPR states, 

“Each public agency that is a lead agency for complying with CEQA needs to develop 
its own approach to performing a climate change analysis for projects that generate 
GHG emissions.  A consistent approach should be applied for the analysis of all such 
projects, and the analysis must be based on best available information…  Lead 
agencies should determine whether greenhouse gases may be generated by a proposed 
project, and if so, quantify or estimate the GHG emissions by type and source.” 

Other than this general advice, the Technical Advisory does not provide explicit details 
for quantifying GHG emissions. 

CAPCOA’s White Paper provides a comprehensive discussion of modeling tools that 
are currently available for analyzing GHG emissions3.  As indicated in the White 
Paper, no one model is currently available that is capable of estimating all of a 
project’s direct and indirect GHG emissions.  It is likely, however, that the Urban 
Emissions (URBEMIS) Model will be the most commonly used model for calculating 
GHG emissions because it currently calculates CO2 emissions (in addition to criteria 
pollutant emissions) during both construction and operation of proposed projects, it is 
publicly available, and already widely used in California.  Statewide use of the 
URBEMIS model would provide consistency throughout California with regard to 
quantifying GHG emissions.  For a list of currently available models that calculate 
GHG emissions and summaries of the capabilities, advantages, and disadvantages of 
each model refer to Table 10 on pages 75 through 78 in the CAPCOA White Paper. 

The purpose of this chapter is to provide more explicit guidance to CEQA 
practitioners with regard to quantifying GHG emissions than OPR’s Technical 
Advisory, while building on the information provided CAPCOA’s White Paper.   

GHG ANALYSIS RECOMMENDATIONS 

Direct/Indirect Impacts 

As noted in Chapter 3 of this Guidance Document, consistent with CEQA, indirect and 
direct impacts of the project, typically within California, are required to be analyzed in 
the CEQA document for a proposed project.  The analysis of direct GHG impacts is 

                                                           
3 For maximum transparency with regard to quantifying GHG emissions and disclosure to the public, 
SCAQMD staff recommends using only publicly available models. 
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relatively straightforward as onsite GHG sources or directly related offsite GHG 
sources, such as worker commute trips, are generally readily identifiable.  Indirect 
GHG emission sources are less obvious, but may include some of the sources 
identified in the following paragraphs.  In general, for most projects information on 
direct and indirect emissions may be available, rather than a full life-cycle analysis of 
emissions.  The lead agency has typically been expected to address emissions that are 
closely related and within the capacity of the project proponent to control and/or 
influence.   

Direct Impacts - are primary effects that are caused by a project and occur at the 
same time and place, such as emissions from boilers, heaters, or other onsite emissions 
sources.  Direct impacts generated by a project may include offsite sources directly 
related to the project such as emissions from worker commute trips, haul truck trips to 
import raw materials and/or export finished products or other goods.  The following 
paragraphs provide general guidance on quantifying direct GHG emissions. 

CAPCOA’s White Paper provides a comprehensive discussion of modeling tools that 
are currently available for analyzing GHG emissions.  Further, no one model is 
currently available that is capable of estimating all of a project’s direct and indirect 
GHG emissions.  Although there are a number of modeling tools available to calculate 
GHG emissions the following discussion focuses on a combination of approaches 
using the URBEMIS model as the basis for analyzing GHG emission impacts.  Other 
approaches for calculating GHG emissions can be used, as long as they are supported 
by scientific evidence and include publicly available information. 

The URBEMIS model is a publicly available model that is currently used statewide to 
calculate criteria pollutant emissions from construction and operation activities for a 
wide variety of land use projects.  The model is regularly updated through a 
collaboration of air pollution control agencies, including the SCAQMD, to reflect the 
most current data, methodologies, and emission factors for quantifying criteria 
pollutant emissions.  The most current update to the model is URBEMIS2007 version 
9.2.4, which quantifies CO2 emissions in addition to criteria pollutant emissions. 

Currently, there are several disadvantages to using the URBEMIS model to calculate 
GHG emissions from a proposed project and, as a result, it should not be the only tool 
used to calculate GHG emissions.  For example, currently the URBEMIS model only 
quantifies CO2 emissions and not other GHG pollutants, with the exception of 
methane from mobile sources, which is converted to CO2eq. emissions.  Since CO2 
emissions comprise the bulk of GHG emissions from most projects, URBEMIS GHG 
results are fairly representative of GHG emissions from a project.   

To quantify mobile source emissions from on-road mobile sources, the URBEMIS 
model uses trip rate information from the Institute of Transportation Engineers Trip 
Generation Handbook (ITE, 2001) as the trip rate default factor for all land uses.  ITE 
trip rate information is widely used and is considered legally defensible as they rely on 
substantial reports and surveys of trip rates in cities with little or no transit.  As a 
result, the ITE trip rates are also considered to provide a conservative estimate of trip 
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rates and associated emissions.  The model, however, treats each trip as a separate trip 
and doesn’t consider that a single trip may be used for more than one purpose, referred 
to as “internalization.”  The model also does not fully account for interaction between 
land uses in its estimation of mobile source operational emissions.  URBEMIS does 
allow the user to overwrite the default trip rates and characteristics with more project-
specific data from a traffic study prepared for a project. 

In spite of the disadvantages of the URBEMIS model described above, it can be used 
as the first step in quantifying GHG emissions for typical land use projects because it 
establishes default parameters for the most common emission sources from a project 
including construction equipment types and activity profiles, area of site disturbed 
during construction, building size, number vehicle trips, etc., if the level of 
information about the project is low.  If more information about the project is available 
such as a precise profile of construction equipment and activity levels, number of 
vehicle trips based on a traffic study prepared for the project, etc., this information can 
be incorporated into the model.  The model can then quantify CO2 emissions from 
both construction and operation. 

The URBEMIS construction analysis quantifies criteria pollutant and CO2 emissions 
from both off-road sources (primarily construction equipment) and on-road sources 
(worker commute trips, haul truck trips, etc.).  To further flesh out the construction 
analysis, the lead agency would have to identify emission factors for other GHG 
pollutants likely to be emitted during construction, i.e., methane and nitrous oxide4, for 
both off-road and on-road emissions sources and then quantify the GHG emission 
results using spreadsheets or other available tools.  

The off-road CO2 emission factors in the URBEMIS model are generated from 
CARB’s off- road model (http://www.arb.ca.gov/msei/offroad/offroad.htm).  Methane 
emission factors for off-road equipment can also be obtained from CARB’s 
OFFROAD2007 model.  CO2 and methane emission factors for off-road equipment 
that are based on CARB’s OFFROAD2007 model can also be found on the 
SCAQMD’s CEQA webpages at the following URL: 
http://www.aqmd.gov/ceqa/handbook/offroad/offroad.html.  Other sources of off-road 
GHG emissions factors for equipment used in California may be used, as long as they 
are supported by scientific evidence and are publicly available. 

The URBEMIS model is able to quantify mobile source CO2 emissions during 
construction from on-road mobile sources such as construction worker commute trips, 
heavy-duty truck trips to haul away demolition debris, soil hauling to and from the site 
etc., and during operation, primarily vehicle trips using ITE’s Trip Generation Manual 
(ITE, 2001).  The on-road CO2 emission factors in the URBEMIS model for both 
construction and operation are generated from CARB’s on- road mobile source 
emissions model, EMFAC2007 (http://www.arb.ca.gov/msei/onroad/onroad.htm).  
Methane emission factors for on-road mobile sources can also be obtained from 

                                                           
4 Hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride are not combustion emissions, so would not 
normally be emitted during construction. 
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CARB’s EMFAC2007 model.  CO2 and methane emission factors for on-road mobile 
sources that are based on CARB’s EMFAC2007 model can also be found on the 
SCAQMD’s CEQA webpages at the following URL: 
http://www.aqmd.gov/ceqa/handbook/onroad/onroad.html.   

The analysis of operation emissions from all types of land uses in the URBEMIS 
model focuses primarily on mobile source emissions and some area sources.  The 
model does not quantify emissions from stationary sources.  For stationary sources 
that require a permit from the SCAQMD, emission calculation procedures and 
methodologies are available in the SCAQMD’s Best Available Control Technology 
Guidelines (http://www.aqmd.gov/bact/partd7-9-2004update.pdf).  Examples of 
facilities that use stationary sources requiring a permit from the SCAQMD include: 
fossil fuel power plants5, cement plants, landfills, wastewater treatment plants, gas 
stations, dry cleaners and industrial boilers.  The SCAQMD has procedures and 
methodologies for projects subject to SCAQMD permits to calculate criteria pollutants 
and air toxics.  It is anticipated that these same procedures and methodologies could be 
extended to estimate a permitted facility’s GHG calculations.  For are any stationary 
and area sources that do not require SCAQMD permits, the same methodologies used 
for permitted sources could be used.  It will be necessary to contact the SCAQMD to 
obtain information on GHG emission calculation methodologies applicable to 
stationary source equipment. 

Indirect Impacts - Indirect or secondary effects may include growth-inducing effects 
and other effects related to induced changes in the pattern of land use, population 
density, or growth rate, and related effects on air and water and other natural systems, 
including ecosystems (CEQA Guidelines §15358)(a)(2)).  The examples of facilities 
that use stationary sources requiring a permit from the SCAQMD that may contribute 
to direct environmental impact (fossil fuel power plants, cement plants, landfills, 
wastewater treatment plants, gas stations, dry cleaners and industrial boilers) may also 
contribute to indirect impacts and, therefore, should be included, as necessary in the 
CEQA analysis of GHGs. 

Quantification Methodologies and GHG Emission Factors 

Methodologies for calculating GHG emissions and GHG emission factors are 
currently not readily available.  Until such time as GHG calculation methodologies 
and emission factors become well established and more readily available, lead 
agencies may want to consult the following references to identify acceptable 
methodologies and emission factors. 

1. The first useful reference for GHG emission factors for stationary sources is 
EPA’s Air Pollutant (AP)-42, which is a compilation of air pollutant emission 

                                                           
5 According to CEQA Guidelines §15227, CEQA does not apply to projects outside of California.  The 
California Attorney General’s Office has rendered an opinion stating that the definition of the environment in 
CEQA does not stop at the borders of California.  Further, California public agencies that take an action 
outside of California is still bound by the requirements of CEQA to prepare an EIR if the action may cause a 
significant effect on the environment. 
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factors for stationary point and area sources.  Each of the first 13 chapters of AP-
42 is dedicated to a specific source activity such as solid waste disposal, petroleum 
industry, and metallurgical industry.  Since the publication of the fifth edition (and 
supplementals) in 2001, there have been a number of updates to the various 
specific stationary sources such as hot asphalt plants, organic liquid storage tanks, 
and coke production.  In addition to the criteria pollutant emissions, some of the 
updated AP-42 chapters provide GHG emission factors for a variety of sources.  
For example, Chapter 15 of AP-42 focuses on GHG emissions from biogenic 
sources such as soils, termites, lightning, and enteric fermentation (animal 
digestive fermentation).   

2. Second, the California Climate Action Registry (C-CAR) has prepared a General 
Reporting Protocol (GRP), which is a relatively easy-to-follow user's manual that 
outlines the principles, concepts, calculation methodologies and procedures 
required for effective participation in the California Registry.  The appendices of 
the GRP provide GHG emissions factors, specifically CO2, CH4 and N2O, for 
electricity use, mobile combustion and stationary combustion based on fuel usage 
type.  

3. Third, a thorough internet search should be conducted to find reliable sources of 
emissions factors that would assist in accurately determining GHG emissions from 
a specific source being evaluated.  Again, all potential GHGs, such as CO2, CH4 
and N2O, should be evaluated to the best of one’s ability to locate dependable 
information. 

4. Finally, a material balance approach also may provide reliable average emission 
estimates for specific sources.  A material balance is when one accounts for (or 
“balances”) all the materials going into and coming out of the process in order to 
make a credible emissions estimation.  For some sources, a material balance may 
provide a better estimate of emissions especially in situations where a high 
percentage of material is lost to the atmosphere (e. g., sulfur in fuel, or solvent loss 
in an uncontrolled coating process.) In other cases, material balances may be 
inappropriate where material is consumed or chemically combined in the process, 
or where losses to the atmosphere are a small portion of the total process 
throughput.  

Reporting GHG Emissions – Daily vs. Annual Emissions 

The analysis of GHGs is a much different analysis than the analysis of criteria 
pollutants for the following reasons. For criteria pollutants, significance thresholds are 
based on daily emissions because attainment or non-attainment is based on daily 
exceedances of applicable ambient air quality standards.  Further, several ambient air 
quality standards are based on relatively short term exposure effects on human health, 
e.g., one-hour and eight-hour. Since the half-life of CO2 is approximately 100 years, 
the effects of GHGs are longer-term, affecting global climate over a relatively long 
time frame (see also Table 3-1). 



Chapter 4 – Considerations When Analyzing GHG Emissions 

 4 - 6 October 2008 

Typical GHG emission inventories (EPA5, ARB6, etc.) represent directly emitted 
GHGs during a given year.  As a result, the current convention is to present GHG 
emissions as annual emissions.  The URBEMIS model can be set to calculate annual 
emissions for a project.  When using the URBEMIS model to calculate annual GHG 
emissions, it may be useful to modify the trip rate for each land use using a weighted 
trip rate average to more accurately reflect annualized trip rates.  A weighted trip rate 
average reflects the trip rates during the week, as well as trip rates during Saturdays 
and Sundays.  Trip rate information for weekdays and weekend days can be found in 
the ITE Trip Rate Handbook. 
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INTRODUCTION  

CEQA Guidelines §15064.7(a) encourages lead agencies to establish thresholds of 
significance to determine the significance of an environmental impact.  Further, 
thresholds of significance to be adopted for general use as part of the lead agency's 
environmental review process must be adopted by ordinance, resolution, rule, or 
regulation, and developed through a public review process and be supported by 
substantial evidence (CEQA Guidelines §15064.7(b)).  Staff’s proposed interim GHG 
significance threshold proposal has been developed through a public process 
consisting of a series of Stakeholder Working Group meetings.  Staff proposals have 
been modified over time based on written and oral feedback from the Working Group.  
Staff’s intent was to reach consensus to the extent feasible, but for some items staff 
could not find common ground with some of the stakeholders. 

The next immediate step for SCAQMD staff is to present a final interim GHG 
significance threshold proposal to the SCAQMD Governing Board for consideration.  
If the Governing Board approves staff’s final interim GHG significance threshold 
proposal, then staff will embark on a number of short-term and intermediate term 
activities to provide outreach to public agencies that might use staff’s interim GHG 
significance threshold to determine whether or not their projects’ GHG emissions are 
significant, periodically revisit and revise as necessary the interim proposal, and 
accommodate stakeholders’ requests for more information on GHG calculation 
methodologies and mitigation measures.  The following sections provide discussions 
on future anticipated action items 

FUTURE ACTION ITEMS 

Interim GHG Significance Threshold Outreach Program 

It is currently anticipated that staff’s interim GHG significance threshold proposal will 
be presented to, and considered by the Board at the November 7, 2008 public hearing.  
Consistent with other significance threshold proposals adopted by the Governing 
Board, if the draft GHG significance threshold proposal is adopted, staff will meet 
with local cities, councils of governments, and leagues of cities to discuss the staff 
proposal and address any questions or concerns.  

Once the interim GHG significance threshold is adopted, this Guidance Document will 
be posted on the SCAQMD’s CEQA web pages.  Staff will also send notice of the 
adoption of the staff proposal to all agencies, organizations, and individuals on the 
SCAQMD’s CEQA “Interested Parties” mailing list.  In addition, it is expected that 
staff will prepare and make available an informational brochure that summarizes 
information about the interim GHG significance proposal in addition to this Guidance 
Document. 
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Starting in January 2009, as part of its intergovernmental review (IGR) responsibilities 
under CEQA, where the SCAQMD reviews and CEQA documents prepared by other 
public agencies, SCAQMD will begin more thorough evaluations of CEQA 
documents with regard to their GHG analyses and the basis by which they make a 
determination of significance.  Staff will begin recommending use of the staff’s 
interim GHG significance threshold proposal or other available GHG significance 
thresholds based on substantial evidence in comment letters on notices of preparation 
of an EIR.  As of March 1, 2009, staff will formally recommend use of staff’s interim 
GHG significance threshold proposal or other available GHG significance thresholds 
based on substantial evidence in comment letters on NDs and MNDs.  As of July 1, 
2009, staff will formally recommend use of staff’s interim GHG significance threshold 
proposal or other available GHG significance thresholds based on substantial evidence 
in comment letters on EIRs. 

Compile Lists of GHG Design Features and Mitigation Measures 

CEQA Guidelines §15126.4 requires an EIR to “describe feasible measures which 
could minimize significant adverse impacts, including where relevant, inefficient and 
unnecessary consumption of energy.”  Ideally, it is desirable to avoid impacts 
altogether through incorporating design features into the proposed project.  Because 
staff’s recommended interim GHG significance threshold includes performance 
standards (see tier 4 compliance options 1 and 3) or a project proponent may try to 
reduce GHG emissions to less than the applicable screening levels, mitigation 
measures or design features are important components of the overall GHG 
significance threshold strategy.  As a result, a number of GHG Working Group 
stakeholders has requested that SCAQMD compile lists of design features or 
mitigation measures to assist with reducing GHG emissions for all land use types. 

In response to the request from GHG Working Group stakeholders to develop GHG 
design features and mitigation measures, over the next year SCAQMD staff will 
compile lists of GHG reduction strategies, including control efficiencies, by sector and 
make the lists available online with other recommended mitigation measures.  There is 
already a robust body of mitigation measures available (see in particular the CAPCOA 
bullet point discussion below), but in most cases, they do not include control 
efficiencies.  SCAQMD staff will use the following mitigation sources as a basis from 
which to compile mitigation strategies. 

• CEQA Guidelines, Appendix F – this appendix includes a list of general energy 
conservation measures that may be used as a basis to identify GHG reduction 
strategies.  The measures do not contain GHG control efficiencies, so they would 
need further review to determine if control efficiencies are available. 

• CAPCOA White Paper – this document provides a comprehensive discussion of 
GHG reduction strategies and specific mitigation measures are listed in Table 16 
in Appendix B.  The mitigation measures are grouped by emissions source type, 
such as transportation measures, parking measures, commercial and residential 
design features, etc.  Table 16 also provides other useful information about each 
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mitigation measure including source of each measure, comments and descriptions 
about each control measure, etc.  Most importantly, for many of the mitigation 
measures CAPCOA has included an emission reduction score.  In most cases, the 
emission reduction score is given as a range.  As a result, further evaluation would 
be necessary to provide a single more precise emission reduction score or a 
defensible average.  Otherwise, it is likely that the high end of the emission 
reduction score would be used.   

• CARB - is actively working to develop and adopt GHG protocols to support the 
Climate Change Program.  CARB is working in collaboration with other agencies 
and organizations, including the California Climate Action Registry, to adopt 
consistent and standardized methods to accurately report GHG emissions.  There 
are two kinds of GHG protocols, a reporting protocol and a project protocol.  The 
project protocol may be useful as it sets standards and provides specific guidance 
to define GHG reduction projects and quantify and report GHG reductions from 
project activities.  Some example protocols include manure management and urban 
forestry.  It is expected that additional protocols will be developed and adopted by 
CARB.  It is also expected that CARB’s Scoping Plan may provide guidance on 
regulatory guidance that could be used to develop GHG emission reduction 
measures.  GHG reduction strategies that may also serve as GHG mitigation 
measures to be developed by CARB over the next two years are shown in Table 5-
1. 

Table 5-1 
California Air Resources Board GHG Emission Reduction Strategies 

 

Strategy Description of Strategy 

Other Light Duty 
Vehicle 
Technology 

New standards would be adopted to phase in beginning in the 2017 model 
year 

Hydrofluorocarbon 
Reduction 

 

1) Ban retail sale of HFC in small cans; 2) Require that only low global 
warming potential (GWP) refrigerants be used in new vehicular systems; 3) 
Adopt specifications for new commercial refrigeration; 4) Add refrigerant 
leak-tightness to the pass criteria for vehicular Inspection and Maintenance 
programs; 5) Enforce federal ban on releasing HFCs. 

Transportation 
Refrigeration 
Units, Off-Road 
Electrification, 
Port Electrification 

Strategies to reduce emissions from TRUs, increase off-road electrification, 
and increase use of shore-side/port electrification. 

 

Manure 
Management 

San Joaquin Valley Rule 4570 (adopted 6/15/06) reduces volatile organic 
compounds from confined animal facilities through implementation of 
control options. 

Alternative Fuels: 
Biodiesel 
Blends 

CARB would develop regulations to require the use of 1 to 4 percent 
biodiesel displacement of California diesel fuel. 



Chapter 5 – Conclusion 

 5 - 4 October 2008 

Table 5-1 (Concluded) 
California Air Resources Board GHG Emission Reduction Strategies 

 

Strategy Description of Strategy 

Alternative Fuels: 
Ethanol 

Increased use of ethanol fuel. 

Heavy-Duty 
Vehicle Emission 
Reduction 
Measures 

Increased efficiency in the design of heavy duty vehicles and an education 
program for the heavy duty vehicle sector. 

Reduced Venting 
and Leaks in Oil 
and Gas Systems 

Rule considered for adoption by the Air Pollution Control Districts for 
improved management practices. 

Hydrogen 
Highway  

The California Hydrogen Highway Network (CA H2 Net) is a State 
initiative to promote the use of hydrogen as a means of diversifying the 
sources of transportation energy. 

Achieve 50% 
Statewide 
Recycling Goal 

 

Achieving the State’s 50 percent waste diversion mandate as established by 
the Integrated Waste Management Act of 1989, (AB 939, Sher, Chapter 
1095, Statutes of 1989), will reduce climate change emissions associated 
with energy intensive material extraction and production as well as methane 
emission from landfills. According to the California Integrated Waste 
Management Board, in 2005 the statewide waste diversion rate was 52 

percent.6 
Landfill Methane 
Capture 

Install direct gas use or electricity projects at landfills to capture and 
use emitted methane. 

Zero Waste - High 
Recycling 

Additional recycling beyond the State’s 50% recycling goal. 

• CEC and CPUC – These agencies are actively developing GHG emission 
reduction strategies that may also be used to develop GHG mitigation measures for 
specific energy production sources.  Examples of CEC and CPUC GHG emission 
reduction strategies are shown in Table 5-2. 

Other sources of potential GHG emission reduction measures will be evaluated and 
incorporated, as applicable into any GHG mitigation measure lists developed by the 
SCAQMD. 

                                                           
6 CIWMB, 2007; http://www.ciwmb.ca.gov/LGCentral/Rates/Diversion/2005/Default.htm  
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Table 5-2 
GHG Emission Reduction Strategies Implemented by CEC and CPUC 

 

Strategy Description of Strategy 

E N E R G Y   C O M M I S S I O N   ( C E C )  
Building Energy 
Efficiency 
Standards in Place 
and in Progress 
 

Public Resources Code 25402 authorizes the CEC to adopt and periodically 
update its building energy efficiency standards (that apply to newly 
constructed buildings and additions to and alterations to existing buildings). 

Appliance Energy 
Efficiency 
Standards in Place 
and in Progress 
 

Public Resources Code 25402 authorizes the Energy Commission to adopt 
and periodically update its appliance energy efficiency standards (that apply 
to devices and equipment using energy that are sold or offered for sale in 
California). 

Cement 
Manufacturing 
 

Cost-effective reductions to reduce energy consumption and to lower carbon 
dioxide emissions in the cement industry. 

Municipal Utility 
Strategies 

Includes energy efficiency programs, renewable portfolio standard, 
combined heat and power, and transitioning away from carbon intensive 
generation. 
 

Alternative Fuels: 
non-Petroleum 
Fuels 

Increasing the use of non-petroleum fuels in California’s transportation 
sector, as recommended in the CEC’s 2003 and 2005 Integrated Energy 
Policy Reports. 

P U B L I C   U T I L I T I E S   C O M M I S S I O N   ( P U C ) 

Accelerated 
Renewable 
Portfolio Standard 
(33 percent by 
2020) 

The Governor has set a goal of achieving 33 percent renewables in the 
State’s resource mix by 2020. The joint PUC/Energy Commission 
September 2005 Energy Action Plan II (EAP II) adopts the 33 percent goal. 

California Solar 
Initiative 

The solar initiative includes installation of 1 million solar roofs or an 
equivalent 3,000 MW by 2017 on homes and businesses, increased use of 
solar thermal systems to offset the increasing demand for natural gas, use of 
advanced metering in solar applications, and creation of a funding source 
that can provide rebates over 10 years through a declining incentive 
schedule. 

Investor-Owned 
Utility 

This strategy includes energy efficiency programs, combined heat and power 
initiative, and electricity sector carbon policy for investor owned utility. 

Periodically Review the Interim GHG Significance Threshold 

SCAQMD staff will periodically review and revise staff’s GHG proposal to 
incorporate applicable updated information on GHGs and GHG reduction strategies 
resulting from regulatory requirements or advances in technology.  Some areas of the 
current proposal that may be reevaluated include the tier 3 screening levels, and the 
tier 4 compliance option 1 GHG reduction target objective.  Further, staff will evaluate 
whether or not sector based performance standards can be developed for tier 4 
compliance option 3. 

If a statewide GHG significance threshold is developed by CARB, staff will review 
that threshold and report to the Governing Board by March 2009 considering such a 
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threshold for adoption.regarding any implementation issues and ways to transition into 
the recommended GHG significance threshold within six months of formal approval 
by the CARB Board. 
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WORKING GROUP MEETING #1 (APRIL 30, 2008) 

At the first Working Group meeting SCAQMD staff presented the Working Group 
with a number of policy objectives and design criteria for consideration to establish 
the framework for developing a GHG significance threshold.  Policy objectives 
include the following concepts.  First, the GHG significance threshold should 
minimize environmental degradation, that is, it should not make impacts worse.  To 
this end, it may be useful to develop a GHG significance threshold that achieves GHG 
emissions reductions that are consistent with the goals of AB 32 estimated to be 
approximately 30 percent reduction of GHG emissions from business-as-usual.  
Although CEQA or a GHG significance threshold established pursuant to CEQA may 
be useful tools in reducing GHG emissions, they would act in parallel with regulatory 
requirements, e.g., AB 32, but they do not replace them.  As a result, there is no 
requirement that a GHG significance threshold must reduce GHG emissions consistent 
with AB 32 or EO S-3-05. 

In addition to policy considerations, a number of GHG significance threshold design 
criteria were also considered.  An important consideration in developing a GHG 
significance threshold is the potential administrative burden it may create on lead 
agencies through increased resource impacts such as increased costs and staff if the 
significance threshold is established too low.  For example, a zero threshold might 
result in eliminating or substantially reducing the number of projects that qualify for a 
categorical exemption, a negative declaration, or a mitigated negative declaration.  
Other design considerations discussed included establishing a single GHG threshold, 
such as a “bright line” numerical threshold or multiple thresholds, such as the tiered 
approaches identified by CAPCOA, etc. 

WORKING GROUP MEETING #2 (MAY 28, 2008) 

At the second Working Group meeting, staff presented design criteria 
recommendations based on the discussion at the first Working Group meeting and 
correspondence received subsequent to the first Working Group meeting.  With regard 
to analyzing life cycle GHG emissions, staff’s initial recommendation was to exclude 
an analysis of life cycle emissions because life cycle process are not well established.  
Instead, the GHG emissions analysis should focus on direct and indirect impacts, 
consistent with current CEQA requirements (CEQA Guidelines §15064(d)).  Feedback 
from the Working Group suggested that a CEQA analysis may be considered deficient 
without making an effort to conduct a life cycle analysis.  Further, if life cycle 
emissions data are not available, the lead agency should note this consider further 
analysis speculative and terminate the discussion (CEQA Guidelines §15145). 

Another design criteria recommendation made by staff was to take into consideration 
the administrative burden and resources impacts when establishing a GHG 
significance threshold.  Staff recommended that the GHG significance threshold 
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should not be set too low, which could result in all projects going through the EIR 
process.  It was pointed out that requiring an EIR for all projects does not necessarily 
result in more mitigation, no meaningful mitigation may be available for small 
projects, and it may provide a disincentive for implementing mitigation if the 
measures are unable to reduce GHG impacts to less than significant.   

Other design criteria recommended by staff included analyzing the six Kyoto GHGs, 
any GHG significance threshold established would be considered interim and would 
be periodically evaluated and updated as necessary, etc.  Staff also introduced the 
concept of preferred GHG mitigation strategies using a hierarchy from the most to 
least preferred strategies as shown below. 

1. Incorporate GHG reduction strategies into project design 

2. Mitigate GHGs from other onsite sources for modification projects 

3. Mitigate offsite GHG emission reduction projects 

4. Mitigate both construction & operational GHG impacts 

5. Consider feasible mitigation based on economic factors (cost) pursuant to CEQA 
Guidelines §15364 

6. Purchase acceptable GHG offsets with preference toward GHG reduction projects 
occurring in-basin or in-state (offset cost a consideration).  The following points 
should be considered: 

a. Offset market still developing, so it is necessary to ensure offsets are obtained 
from a credible source 

b. Offsets should be provided for at least 10 years of project operation (see 
SJVAPCD indirect source Rule 9510 §6.2 mitigation requirements) 

Finally, SCAQMD staff introduced the initial staff proposal.  The initial staff proposal 
consisted of a tiered approach, similar to CAPCOA’s Approach 2 with mandatory 
GHG mitigation measures.  Each tier of this proposal is briefly described in the 
following bullet points and shown graphically in Figure B-1. 

• The first tier consists of evaluating whether or not the project qualifies for any 
applicable exemption under CEQA.  For example, SB 97 specifically exempts a limited 
number of projects until it expires in 2010.  If the project qualifies for an exemption, no 
further action is required.  If the project does not qualify for an exemption, then move 
to the next tier. 
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Figure B-1 
Initial Staff Proposal – Proposed Tiered Approach – May 28, 2008 
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• The second tier consists of determining whether or not the project is consistent with a 
GHG reduction plan that is part of a local general plan for example.  The GHG 
reduction plan must, at a minimum, comply with AB 32 reduction goals; include 
emission estimates approved by CARB or SCAQMD, have been analyzed under 
CEQA, and have a certified Final CEQA document.  Further, the GHG reduction plan 
must include a GHG inventory tracking mechanism; process to monitor progress in 
achieving GHG emission reduction targets, and a commitment to remedy the excess 
emissions if AB 32 goals are not met (enforcement).  If the proposed project is 
consistent with the local GHG reduction plan, it is not significant for GHG emissions.   

The concept of consistency with a GHG reduction plan, is similar to the concept of 
consistency in CEQA Guidelines §15125(d).  If the proposed project does not 
comply with the local GHG reduction plan or no GHG reduction plan has been 
adopted, then move to the third tier. 

• Under the third tier there are three options that can be used to demonstrate that a 
project would not have significant emissions.  The first significance option is early 
compliance with AB 32 Scoping Plan measures.  The second significance option, 
primarily for stationary source equipment, would be to install carbon best available 
retrofit control technology (BARCT) or best available control technology (BACT).  
Carbon BARCT/BACT would be established by the SCAQMD.  The third significance 
option for industrial, commercial, and residential land use projects would be to 
implement a menu of prescribed mitigation measures.  Mitigation measures would be 
developed for each land use sector by SCAQMD staff.  Implementing one of these 
three options would result in a determination that GHG emission impacts from the 
proposed project are not significant.  If the proposed project is unable to implement any 
one of these three options or cannot fully implement any option, then it would move to 
the fourth tier. 

• Under the fourth tier, the lead agency would quantify GHG emissions from the project 
and implement offsite mitigation (GHG reduction projects) or purchase offsets.  Under 
this tier, GHG emission impacts the lead agency would be required to mitigate or offset 
GHG emissions to zero.  If GHG emissions can be offset to zero, GHG emissions from 
the project are concluded to be insignificant.  If GHG impacts cannot be reduced to 
zero, the project is concluded to be significant for GHGs. 

WORKING GROUP MEETING #3 (JUNE 19, 2008) 

Subsequent to Working Group meeting #2, SCAQMD staff received feedback on the 
initial staff proposal.  Issues and concerns raised by the stakeholders on the initial staff 
proposal were addressed at the third Working Group meeting and are summarized in 
the following bullet points. 

• The staff proposal does not explicitly state any quantitative or qualitative target 
objectives.  If there are no explicit target objectives, how is it possible to determine 
whether or not a project is insignificant for GHG emissions? 
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• Concerns were raised regarding the lack of detail relative to the sector-specific 
mitigation measures and the potentially lengthy lag time between implementing the 
GHG significance threshold and developing the mitigation measures. 

• For most projects, GHG emissions would not need to be calculated as long as the 
prescribed menu of sector-specific mitigation measures is implemented.  Without 
quantifying GHG emissions and the control efficiencies of the mitigation measures, a 
project would be vulnerable to a “Fair Argument” that GHG emissions are still 
significant even after implementing prescribed mitigation measures. 

• A CEQA document may be vulnerable in court if control efficiencies of mitigation 
measures are not identified. 

• Is the staff proposal really a zero GHG significance? 

Based on Working Group feedback, staff presented revised staff proposal #1, which 
consisted of a tiered decision tree approach.  The components of revised staff proposal 
#1 are described in the following bullet points and shown graphically in Figure B-2.  
As shown in Figure B-2, some of the tier components of the revised staff proposal are 
similar to those in the initial staff proposal. 

• Tier 1 – no change from the initial proposal. 

• Tier 2 – is a new component of the revised staff proposal.  Tier 2 attempts to identify 
small projects that would not likely contribute to significant cumulative GHG impacts.  
The de minimis or screening level of 900 metric tons per year is the level that is 
estimated by CAPCOA to capture 90 percent of the residential units or office space in 
pending application lists7.  CAPCOA infers that projects that emit less than 900 metric 
ton per year would not likely be considered cumulatively considerable.  Further, the 
900 metric ton per year level would capture 90 percent  

                                                           
7 Although the CAPCOA White Paper implies that 900 metric tons per year equates to a 90 percent 
capture rate, there is no explicit information provided in the White Paper that demonstrates this 
correlation.  Indeed, the CAPCOA authors state that 900 metric tons, which represents 
approximately 50 residential units, corresponds to widely divergent capture rate percentile rankings 
depending on the project location (see discussion on page 43 of the White Paper).  Percentile 
rankings were based on a survey of four cities in California.  A project of 900 metric tons per year 
representing a 90 percent capture rate appears to be a working assumption for which there appears to 
be no factual basis.  Further, although not explicitly stated, it is assumed that the 900 metric tons 
were derived using the URBEMIS2007 model.  It should be noted that that the URBEMIS2007 
model only quantifies CO2 emissions and direct emissions primarily from on-road mobile sources.  
It does not capture other GHG pollutants or indirect GHG emissions such as emissions from energy 
generation, water conveyance, etc.  Therefore, it is likely that a 50-unit residential project would 
actually generate higher GHG emissions than 900 metric tons per year. 
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Figure B-2 
Revised Staff Proposal #1 Tiered Decision Tree Approach – June 19, 2008 
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of all pending projects, which means that 90 percent of all projects would have to 
implement GHG reduction measures.   

If a project is less than 900 MT/year CO2eq or can mitigate to less than 900 
MT/year CO2eq, it would be considered insignificant for GHGs.  Projects larger 
than 900 MT/year CO2eq would move to tier 3. 

• Tier 3 Decision Tree Options – consists of four decision tree options to demonstrate 
that a project is not significant for GHG emissions.  The four compliance options are as 
follows. 

Compliance Option 1 – the lead agency would calculate GHG emissions for a 
project using a business-as-usual (BAU) methodology.  Once GHG emissions are 
calculated, the project proponent would have to incorporate design features into 
the project and/or implement GHG mitigation measures to demonstrate a 40 
percent reduction from BAU.  A 40 percent reduction below BAU was selected for 
the following reason.  To comply with the AB 32 requirement of reducing GHG 
emissions to 1990 levels, an approximately 30 percent reduction from current 
BAU is necessary.   

Since CEQA is not applicable to all GHG emission sources, i.e., existing projects 
that are not undergoing expansion or modifications, staff chose a 40 percent 
reduction below BAU requirement, which goes beyond the target GHG reduction 
objective of AB 32, but is still a potentially feasible GHG reduction for a variety 
of different projects. 

Compliance Option 2 – this option is the same as the early compliance with AB 
32 option in the third tier of the initial staff proposal. 

Compliance Option 3 – this option is similar to the fourth tier of the initial staff 
proposal where GHG emissions would be reduced through offsite GHG reduction 
projects and/or use of offsets.  This compliance option, however, would require 
offsetting GHG emissions by the same target objective as compliance option 1, 
that is, 40 percent below BAU instead of reducing GHG emissions to less than the 
de minimis or screening level. 

Compliance Option 4 – this option is the same as the consistency with the 
greenhouse gas reduction plan component in the second tier of the initial staff 
proposal. 

If the lead agency or project proponent cannot implement any of the compliance 
options in Tier 3, GHG emissions would be considered significant. 

WORKING GROUP MEETING #4 (JULY 30, 2008) 

Subsequent to Working Group meeting #3, SCAQMD staff received feedback on the 
revised staff proposal #1.  Issues and concerns raised by the stakeholders on the initial 
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staff proposal were addressed at the third Working Group meeting and are 
summarized in the following bullet points. 

• Compliance with a GHG reduction plan should not be a compliance option in Tier 3, 
but should be its own tier, earlier in the tiering process. 

• There is a large disconnect between screening level and remaining emissions under the 
Tier 4 compliance options.  For example, large projects that can reduce GHG emissions 
by the target objective of 40 percent would do so, which means GHG emissions would 
not be significant, could have substantially higher emissions than projects with GHG 
emissions less than the screening level. 

• Compliance with a target objective should not be through offsets alone.  Because of the 
uncertainties regarding the validity of offsets, preferred mitigation should consist of 
actual GHG emission reductions. 

• The Tier 3 compliance option 1, GHG emissions reductions from BAU, is not the 
proper metric for determining significance.  How can a lead agency be sure that the 
projected BAU emissions for a project are not artificially inflated to make it easier to 
achieve the required target objective? 

• The Tier 3 compliance option 1, reducing GHG emission reductions from BAU, could 
penalize projects in environmentally progressive areas where BAU may be much lower 
than in other areas, thus, making it more difficult to achieve the target objectives. 

Based on Working Group feedback and internal discussions, staff presented revised 
staff proposal #2, which further refined the previous tiered decision tree approach.  
The components of revised staff proposal #2 are described in the following bullet 
points and shown graphically in Figure B-3.  As shown in Figure B-3, some of the tier 
components of the revised staff proposal are similar to those in the initial staff 
proposal. 

• Tier 1 – no change from the initial proposal. 

• Tier 2 – compliance option 4 in Tier 3 has been moved back a stand-alone tier. 

• Tier 3 – the screening level that was previously Tier 2 has been moved to Tier 3.  In 
response to feedback from the Working Group, the screening level has been increased 
to 6,500 MT/year CO2eq.  The new screening level was derived using the SCAQMD’s 
existing NOx operational threshold as a basis.  The daily NOx operational significance 
threshold, 55 pounds per day was annualized, which results in 10 tons of NOx per year.  
Using the URBEMIS2007 model, staff initially modeled a mixed-use project that emits 
just under 10 tons per year to determine what the equivalent CO2 emissions would be.  
Resulting CO2 emissions from the mixed use project were approximately 6,500 
MT/year CO2.  To further corroborate the 6,500 MT/year CO2 staff performed 19 
modeling runs on a variety of projects including residential, commercial, industrial, 
and various combinations of land uses.  In addition, since the analysis was an annual 
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analysis, a weighted trip rate was derived for each land use category to obtain a more 
accurate estimate of trip rates throughout the week.  Although the results from the 19 
modeling runs were approximately 16 percent higher than staff’s original estimate of 
6,500 MT/year CO2, 7,304 to 7,723 MT/year CO2, staff continued to recommend the 
6,500 MT/year CO2 provides a margin of safety when deriving CO2 emissions based 
on the annualized NOx level of 10 tons per year and when evaluating different types of 
land use projects. 

Projects with GHG emissions less than the screening level are considered to be 
small projects, that is, they would not likely be considered cumulatively 
considerable.  However, because of the magnitude of increasing global 
temperatures from current and future GHG emissions, staff recommended that all 
projects must implement some measure or measures to contribute to reducing GHG 
emissions.  Therefore, Tier 3 includes a requirement that all projects with GHG 
emissions less than the screening level must include efficiency components that 
reduce to a certain percentage beyond the requirements of Title 24 (Part 6, 
California Code of Regulations), California's energy efficiency standards for 
residential and nonresidential buildings. 

• Tier 4 Performance Standards – Tier 3 from the revised staff proposal #1 has been 
moved to Tier 4 and renamed. 
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Figure B-3 
Proposed Tiered Decision Tree Approach – July 30, 2008 
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Compliance Option 1 – is essentially the same as the previously recommended, 
except that the target objective has been changed from reducing GHG emissions 
40 percent below BAU to 30 percent below BAU to be more consistent with AB 
32 target objectives. 

Compliance Option 2 - – no change from the previous proposal. 

Compliance Option 3 – this is a new compliance option and consists of 
establishing sector-based performance standards.  For example, it may be possible 
to use the 1990 inventory required under AB32 to establish an efficiency standard 
such as pounds per person, pounds per worker, pounds per square feet, pounds per 
item manufactured, etc.  When calculating GHGs from a project, if they are less 
than the established efficiency standard the project would not be significant 
relative to GHG emissions, while projects exceeding the efficiency standard would 
be significant. 

Projects that cannot comply with any of the compliance options in Tier 4 would 
then move on to Tier 5. 

• Tier 5 – consists generally of the Tier 3 compliance option 3 from the previous staff 
proposal.  The only difference is that the project proponent would be required to 
provide offsets for the life of the project, which is defined as 30 years.  If the project 
proponent is unable to obtain sufficient offsets, incorporate design features, or 
implement GHG reduction mitigation measures, then GHG emissions from the project 
would be considered significant. 

WORKING GROUP MEETING #5 (AUGUST 27, 2008) 

Subsequent to Working Group meeting #3, SCAQMD staff received feedback on the 
revised staff proposal #2.  Issues and concerns raised by the stakeholders on the initial 
staff proposal were addressed at the third Working Group meeting and are 
summarized in the following bullet points. 

• A recommendation was made to modify the target objective of Tier 5 to be consistent 
with the target objective of Tier 4 compliance option 1, that is require emissions to be 
offset 30 percent from BAU rather than offset down to the screening level. 

• A Working Group member asked for clarification on the early implementation of 
applicable AB 32 Scoping Plan measures in Tier 4-Option 2.  In addition, a question 
was asked regarding whether or not this compliance option was applicable after the 
requirements of AB 32 have become effective. 

 

At Working Group meeting #5, staff presented revised staff proposal #3, which 
consisted primarily of minor refinements to the previous tiered decision tree approach 
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in revised staff proposal #2.  The components of revised staff proposal #3 are shown 
graphically in Figure B-4.   

Aside from changing the graphic layout of the staff proposal to make it easier to 
understand, revised staff proposal #3 has only one minor modification.  A second 
energy efficiency requirement has been added to the screening level in Tier 3.  In 
addition to requiring projects to go a certain percentage beyond Title 24, projects 
would also have to reduce by a specified percentage electricity demand from water 
use, primarily electricity used for water conveyance.  
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Figure B-4 
Revised Staff Proposal #3 Tiered Decision Tree Approach – August 27, 2008 
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Bay Area Air Quality Management District 
 

Proposed Air Quality CEQA Thresholds of Significance 
 

 

1 INTRODUCTION 

Bay Area Air Quality Management District (BAAQMD or Air District) staff analyzed 
various options for California Environmental Quality Act (CEQA) air quality thresholds 
of significance for use within BAAQMD’s jurisdiction. The analysis and evaluation 
undertaken by Air District staff is documented in the Revised Draft Options and 
Justification Report – California Environmental Quality Act Thresholds of Significance 
(Draft Options Report) (BAAQMD October 2009). 

Air District staff hosted public workshops in February, April, September and October 
2009 at several locations around the Bay Area. In addition, Air District staff met with 
regional stakeholder groups to discuss and receive input on the threshold options being 
evaluated. Throughout the course of the public workshops and stakeholder meetings Air 
District staff received many comments on the various options under consideration. Based 
on comments received and additional staff analysis, the threshold options and staff-
recommended thresholds were further refined. The culmination of this year-long effort 
was presented in the Proposed Thresholds of Significance Report published on November 
2, 2009 as the Air District staff’s proposed air quality thresholds of significance.  

The Air District Board of Directors (Board) held public hearings on November 18 and 
December 2, 2009, to receive comments on staff’s Proposed Thresholds of Significance 
(November 2009). After public testimony and Board deliberations, the Board requested 
staff to present additional options for risk and hazard thresholds for Board consideration. 
This Report includes risks and hazards threshold options, as requested by the Board, in 
addition to staff’s previously recommended thresholds of significance. The proposed 
thresholds presented herein, upon adoption by the Air District Board of Directors, are 
intended to replace all of the Air District’s currently recommended thresholds. The 
proposed air quality thresholds of significance, and Board-requested risk and hazard 
threshold options, are provided in Table 1 at the end of this introduction. 

1.1 BAAQMD/CEQA REGULATORY AUTHORITY 

The BAAQMD has direct and indirect regulatory authority over sources of air pollution 
in the San Francisco Bay Area Air Basin (SFBAAB). CEQA requires that public agencies 
consider the potential adverse environmental impacts of any project that a public agency 
proposes to carry out, fund or approve. CEQA requires that a lead agency prepare an 
Environmental Impact Report (EIR) whenever it can be fairly argued (the “fair argument” 
standard), based on substantial evidence,1 that a project may have a significant effect2 on 

                                                 
1  “Substantial evidence” includes facts, reasonable assumptions predicated upon facts, or 
expert opinions supported by facts, but does not include argument, speculation, unsubstantiated 
opinion or narrative, evidence that is clearly inaccurate or erroneous, or evidence of social or 
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the environment, even if there is substantial evidence to the contrary (CEQA Guidelines 
§15064). CEQA requires that the lead agency review not only a project’s direct effects on 
the environment, but also the cumulative impacts of a project and other projects causing 
related impacts. When the incremental effect of a project is cumulatively considerable, 
the lead agency must discuss the cumulative impacts in an EIR.  (CEQA Guidelines 
§15064). 

The “fair argument” standard refers to whether a fair argument can be made that a project 
may have a significant effect on the environment (No Oil, Inc. v. City of Los Angeles 
(1974) 13 Cal.3d 68, 84). The fair argument standard is generally considered a low 
threshold requirement for preparation of an EIR. The legal standards reflect a preference 
for requiring preparation of an EIR and for “resolving doubts in favor of environmental 
review.”  Meija v. City of Los Angeles (2005) 130 Cal. App. 4th 322, 332. “The 
determination of whether a project may have a significant effect on the environment calls 
for careful judgment on the part of the public agency involved, based to the extent 
possible on scientific and factual data.” (CEQA Guidelines §15064(b). 

In determining whether a project may have a significant effect on the environment, 
CEQA Guidelines Section 15064.7 provides that lead agencies may adopt and/or apply 
“thresholds of significance.” A threshold of significance is “an identifiable quantitative, 
qualitative or performance level of a particular environmental effect, non-compliance 
with which means the effect will normally be determined to be significant by the agency 
and compliance with which means the effect normally will be determined to be less than 
significant” (CEQA Guidelines §15064.7).   

While thresholds of significance give rise to a presumption of insignificance, thresholds 
are not conclusive, and do not excuse a public agency of the duty to consider evidence 
that a significant effect may occur under the fair argument standard.  Meija, 130 Cal. 
App. 4th at 342.  “A public agency cannot apply a threshold of significance or regulatory 
standard ‘in a way that forecloses the consideration of any other substantial evidence 
showing there may be a significant effect.’” Id. This means that if a public agency is 
presented with factual information or other substantial evidence establishing a fair 
argument that a project may have a significant effect on the environment, the agency 
must prepare an EIR to study those impacts even if the project’s impacts fall below the 
applicable threshold of significance.   

Thresholds of significance must be supported by substantial evidence. This Report 
provides the substantial evidence in support of the thresholds of significance developed 
by the BAAQMD. If adopted by the BAAQMD Board of Directors, the Air District will 
recommend that lead agencies within the nine counties of the BAAQMD’s jurisdiction 

                                                                                                                                                 
economic impacts that do not contribute to, or are not caused by, physical impacts on the 
environment.  Cal. Pub. Res. C. §21080(c); see also CEQA Guidelines §15384.   
2  A “significant effect” on the environment is defined as a “substantial, or potentially 
substantial, adverse change in the environment.”  Cal. Pub. Res. C. §21068; see also CEQA 
Guidelines §15382.   
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use the thresholds of significance in this Report when considering the air quality impacts 
of projects under their consideration. 

1.2 JUSTIFICATION FOR UPDATING CEQA THRESHOLDS 

Any analysis of environmental impacts under CEQA includes an assessment of the nature 
and extent of each impact expected to result from the project to determine whether the 
impact will be treated as significant or less than significant. CEQA gives lead agencies 
discretion whether to classify a particular environmental impact as significant. 
Ultimately, formulation of a standard of significance requires the lead agency to make a 
policy judgment about where the line should be drawn distinguishing adverse impacts it 
considers significant from those that are not deemed significant. This judgment must, 
however, be based on scientific information and other factual data to the extent possible 
(CEQA Guidelines §15064(b)). 

In the sense that advances in science provide new or refined factual data, combined with 
advances in technology and the gradual improvement or degradation of an environmental 
resource, the point where an environmental effect is considered significant is fluid over 
time. Other factors influencing this fluidity include new or revised regulations and 
standards, and emerging, new areas of concern. 

In the ten years since BAAQMD last reviewed its recommended CEQA thresholds of 
significance for air quality, there have been tremendous changes that affect the quality 
and management of the air resources in the Bay Area. Traditional criteria air pollutant 
ambient air quality standards, at both the state and federal levels, have become 
increasingly more stringent. A new criteria air pollutant standard for fine particulate 
matter less than 2.5 microns in diameter (PM2.5) has been added to federal and state 
ambient air quality standards. We have found, through technical advances in impact 
assessment, that toxic air contaminants are not only worse than previously thought from a 
health perspective, but that certain communities experience high levels of toxic air 
contaminants, giving rise to new regulations and programs to reduce the significantly 
elevated levels of ambient toxic air contaminant concentrations in the Bay Area. 

In response to the elevated levels of toxic air contaminants in some Bay Area 
communities, the Air District created the Community Air Risk Evaluation (CARE) 
Program. Phase 1 of the BAAQMD’s CARE program compiled and analyzed a regional 
emissions inventory of toxic air contaminants (TACs), including emissions from 
stationary sources, area sources, and on-road and off-road mobile sources. Phase 2 of the 
CARE Program conducted regional computer modeling of selected TAC species, species 
which collectively posed the greatest risk to Bay Area residents.  In both Phases 1 and 2, 
demographic data were combined with estimates of TAC emissions or concentrations to 
identify communities that are disproportionally impacted from high concentrations of 
TACs. Bay Area Public Health Officers, in discussions with Air District staff and in comments 
to the Air District’s Advisory Council (February 11, 2009, Advisory Council Meeting on Air 
Quality and Public Health), have recommended that PM2.5, in addition to TACs, be considered in 
assessments of community-scale impacts of air pollution. 
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Another significant issue that affects the quality of life for Bay Area residents is the 
growing concern with global climate change. In just the past few years, estimates of the 
global atmospheric temperature and greenhouse gas concentration limits needed to 
stabilize climate change have been adjusted downward and the impacts of greenhouse gas 
emissions considered more dire. Previous scientific assessments assumed that limiting 
global temperature rise to 2-3°C above pre-industrial levels would stabilize greenhouse 
gas concentrations in the range of 450-550 parts per million (ppm) of carbon dioxide-
equivalent (CO2e). Now the science indicates that a temperature rise of 2°C would not 
prevent dangerous interference with the climate system. Recent scientific assessments 
suggest that global temperature rise should be kept below 2°C by stabilizing greenhouse 
gas concentrations below 350 ppm CO2e, a significant reduction from the current level of 
385 ppm CO2e. 

For the reasons stated above, and to further the goals of other District programs such as 
encouraging transit-oriented and infill development, BAAQMD has undertaken an effort 
to review all of its currently-recommended CEQA thresholds, revise them as appropriate, 
and develop new thresholds where appropriate.  The overall goal of this effort is to 
develop CEQA significance criteria that ensure new development implements appropriate 
and feasible emission reduction measures to mitigate significant air quality impacts. The 
Air District’s recommended CEQA significance thresholds have been vetted through a 
public review process and will be presented to the BAAQMD Board of Directors for 
adoption. 
 

Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

Project-Level 

Criteria Air Pollutants 
and Precursors 

(Regional) 

Average Daily 
Emissions 
(lb/day) 

Average Daily 
Emissions  
(lb/day)  

Maximum Annual 
Emissions 

(tpy) 

ROG 54 54 10 

NOX 54 54 10 

PM10 (exhaust) 82 82 15 

PM2.5 (exhaust) 54 54 10 

PM10/PM2.5 (fugitive 
dust) 

Best Management 
Practices 

None 

Local CO None 
9.0 ppm (8-hour average), 20.0 ppm (1-hour 

average) 

GHGs 
 

Projects other than 
Stationary Sources 

 
 

None 
 
 

Compliance with Qualified Climate Action Plan 
OR  

1,100 MT of CO2e/yr  
OR 

4.6 MT CO2e/SP/yr (residents + employees) 
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Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

GHGs 
 

Stationary Sources 
None 10,000 MT/yr 

Risks and Hazards 
(Individual Project) 

 
Staff Proposal 

 
Same as Operational 

Thresholds* 
 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Source 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >5.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.2 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
Risks and Hazards 
(Individual Project) 

 
Board Option 1 

 
Tiered Thresholds 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Receptor 
All Other Areas: Siting a New Source or Receptor 

 
Compliance with Qualified Risk Reduction Plan 

OR 
Increased cancer risk of >10.0 in a million 

Increased  non-cancer risk of > 1.0 Hazard Index 
(Chronic or Acute) 

Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Risks and Hazards 
(Individual Project) 

 
Board Option 2 

 
Quantitative 
Thresholds 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
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Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

Risks and Hazards 
(Cumulative Thresholds) 

 
 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Cancer: > 100 in a million (from all local sources) 
Non-cancer: > 1.0 Hazard Index (from all local 

sources) (Chronic or Acute) 
PM2.5: > 0.8 µg/m3 annual average 

(from all local sources) 
 

Zone of Influence: 1,000-foot radius from fence 
line of source or receptor 

Accidental Release of 
Acutely Hazardous Air 

Pollutants 
None 

Storage or use of acutely hazardous materials 
locating near receptors or receptors locating near 

stored or used acutely hazardous materials 
considered significant 

Odors None 
Screening Level Distances  

and  
Complaint History 

Plan-Level 

Criteria Air Pollutants 
and Precursors 

(Regional and Local) 
None 

1. Consistency with Current Air Quality Plan 
control measures 

2. Projected VMT or vehicle trip increase is less 
than or equal to projected population increase 

GHGs None 

Compliance with Qualified Climate Action Plan 
(or similar criteria included in a General Plan)  

OR 
6.6 MT CO2e/ SP/yr (residents + employees) 

Risks and 
Hazards/Odors 

None 

1. Overlay zones around existing and planned 
sources of TACs (including adopted Risk 
Reduction Plan areas) and odors 

2. Overlay zones of at least 500 feet (or Air 
District-approved modeled distance) from all 
freeways and high volume roadways 

Accidental Release of 
Acutely Hazardous Air 

Pollutants 
None None 

Notes: CO = carbon monoxide; CO2e = carbon dioxide equivalent; GHGs = greenhouse gases; lb/day = pounds per day; MT = metric 

tons; NOX = oxides of nitrogen; PM2.5= fine particulate matter with an aerodynamic resistance diameter of 2.5 micrometers or less; 

PM10 = respirable particulate matter with an aerodynamic resistance diameter of 10 micrometers or less; ppm = parts per million; 

ROG = reactive organic gases; SO2 = sulfur dioxide; SP = service population; TACs = toxic air contaminants; TBP = toxic best 

practices; tons/day = tons per day; tpy = tons per year; yr= year. 

* Note: The Air District recommends that for construction projects that are less than one year duration, Lead Agencies should 

annualize impacts over the scope of actual days that peak impacts are to occur, rather than the full year. 
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2 GREENHOUSE GAS THRESHOLDS 

BAAQMD does not currently have an adopted threshold of significance for GHG 
emissions. BAAQMD currently recommends that lead agencies quantify GHG emissions 
resulting from new development and apply all feasible mitigation measures to lessen the 
potentially adverse impacts. One of the primary objectives in updating the current CEQA 
Guidelines is to identify a GHG significance threshold, analytical methodologies, and 
mitigation measures to ensure new land use development meets its fair share of the 
emission reductions needed to address the cumulative environmental impact from GHG 
emissions. GHG emissions contribute, on a cumulative basis, to the significant adverse 
environmental impacts of global climate change. As reviewed herein, climate change 
impacts include an increase in extreme heat days, higher ambient concentrations of air 
pollutants, sea level rise, impacts to water supply and water quality, public health 
impacts, impacts to ecosystems, impacts to agriculture, and other environmental impacts. 
No single land use project could generate enough GHG emissions to noticeably change 
the global average temperature. The combination of GHG emissions from past, present, 
and future projects contribute substantially to the phenomenon of global climate change 
and its associated environmental impacts. 
 
2.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Project Type Proposed Thresholds 

Projects other than 
Stationary Sources 

Compliance with Qualified Climate Action Plan 
OR 

1,100 MT of CO
2
e/yr 

OR 
4.6 MT CO

2
e/SP/yr* (residents + employees) 

Stationary Sources 10,000 MT of CO
2
e/yr 

Plans 

Compliance with Qualified Climate Action Plan 
(or similar criteria included in a General Plan) 

OR 
6.6 MT CO

2
e/SP/yr (residents + employees) 

* Staff notes that the efficiency-based thresholds should be applied to individual projects with caution. As explained 
herein, lead agencies may determine that the efficiency-based GHG thresholds for individual land use projects may 
not be appropriate for very large projects. If there is a fair argument that the project’s emissions on a mass level will 
have a cumulatively considerable impact on the region’s GHG emissions, the insignificance presumption afforded to 
a project that meets an efficiency-based GHG threshold would be overcome. 

   
2.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

BAAQMD’s approach to developing a threshold of significance for GHG emissions is to 
identify the emissions level for which a project would not be expected to substantially 
conflict with existing California legislation adopted to reduce statewide GHG emissions. 
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If a project would generate GHG emissions above the threshold level, it would be 
considered to contribute substantially to a cumulative impact, and would be considered 
significant. If mitigation can be applied to lessen the emissions such that the project 
meets its share of emission reductions needed to address the cumulative impact, the 
project would normally be considered less than significant.   

As explained in the District’s Revised Draft Options and Justifications Report 
(BAAQMD 2009), there are several types of thresholds that may be supported by 
substantial evidence and be consistent with existing California legislation and policy to 
reduce statewide GHG emissions. In determining which thresholds to recommend, Staff 
studied numerous options, relying on reasonable, environmentally conservative 
assumptions on growth in the land use sector, predicted emissions reductions from 
statewide regulatory measures and resulting emissions inventories, and the efficacies of 
GHG mitigation measures. The thresholds recommended herein were chosen based on 
the substantial evidence that such thresholds represent quantitative and/or qualitative 
levels of GHG emissions, compliance with which means that the environmental impact of 
the GHG emissions will normally not be cumulatively considerable under CEQA.  
Compliance with such thresholds will be part of the solution to the cumulative GHG 
emissions problem, rather than hinder the state’s ability to meet its goals of reduced 
statewide GHG emissions. Staff notes that it does not believe there is only one threshold 
for GHG emissions that can be supported by substantial evidence.   

GHG CEQA significance thresholds recommended herein are intended to serve as 
interim levels during the implementation of the AB 32 Scoping Plan and SB 375, which 
will occur over time. Until AB 32 has been fully implemented in terms of adopted 
regulations, incentives, and programs and until SB 375 required plans have been fully 
adopted, or the California Air Resources Board (ARB) adopts a recommended threshold, 
the BAAQMD recommends that local agencies in the Bay Area apply the GHG 
thresholds recommended herein. 

If left unchecked, GHG emissions from new land use development in California will 
result in a cumulatively considerable amount of GHG emissions and a substantial conflict 
with the State’s ability to meet the goals within AB 32. Thus, BAAQMD proposes to 
adopt interim GHG thresholds for CEQA analysis, which can be used by lead agencies 
within the Bay Area. This would help lead agencies navigate this dynamic regulatory and 
technological environment where the field of analysis has remained wide open and 
inconsistent. BAAQMD’s framework for developing a GHG threshold for land 
development projects that is based on policy and substantial evidence follows. 

2.3.1 SCIENTIFIC AND REGULATORY JUSTIFICATION 

Climate Science Overview 

Prominent GHGs contributing to the greenhouse effect are carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons, chlorofluorocarbons, and sulfur 
hexafluoride. Human-caused emissions of these GHGs in excess of natural ambient 
concentrations are responsible for intensifying the greenhouse effect and have led to a 
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trend of unnatural warming of the earth’s climate, known as global climate change or 
global warming. It is extremely unlikely that global climate change of the past 50 years 
can be explained without the contribution from human activities (IPCC 2007a). 

According to Article 2 of the United Nations Framework Convention on Climate Change 
(UNFCCC), “Avoiding Dangerous Climate Change” means: "stabilization of greenhouse 
gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system.” Dangerous climate change defined 
in the UNFCCC is based on several key indicators including the potential for severe 
degradation of coral reef systems, disintegration of the West Antarctic Ice Sheet, and shut 
down of the large-scale, salinity- and thermally-driven circulation of the oceans. 
(UNFCCC 2009). The global atmospheric concentration of carbon dioxide has increased 
from a pre-industrial value of about 280 ppm to 379 ppm in 2005 (IPCC 2007a).  
“Avoiding dangerous climate change” is generally understood to be achieved by 
stabilizing global average temperatures between 2 and 2.4°C above pre-industrial levels.  
In order to limit temperature increases to this level, ambient global CO2 concentrations 
must stabilize between 350 and 400 ppm (IPCC 2007b). 

Executive Order S-3-05 

Executive Order S-3-05, which was signed by Governor Schwarzenegger in 2005, 
proclaims that California is vulnerable to the impacts of climate change. It declares that 
increased temperatures could reduce the Sierra’s snowpack, further exacerbate 
California’s air quality problems, and potentially cause a rise in sea levels. To combat 
those concerns, the Executive Order established total GHG emission targets. Specifically, 
emissions are to be reduced to the 2000 level by 2010, the 1990 level by 2020, and to 80 
percent below the 1990 level by 2050. 

Assembly Bill 32, the California Global Warming Solutions Act of 2006 

In September 2006, Governor Arnold Schwarzenegger signed Assembly Bill 32, the 
California Global Warming Solutions Act of 2006, which set the 2020 greenhouse gas 
emissions reduction goal into law. AB 32 finds and declares that “Global warming poses 
a serious threat to the economic well-being, public health, natural resources, and the 
environment of California.” AB 32 requires that statewide GHG emissions be reduced to 
1990 levels by 2020, and establishes regulatory, reporting, voluntary, and market 
mechanisms to achieve quantifiable reductions in GHG emissions to meet the statewide 
goal.  

In December of 2008, ARB adopted its Climate Change Scoping Plan (Scoping Plan), 
which is the State’s plan to achieve GHG reductions in California, as required by AB 32 
(ARB 2008). The Scoping Plan contains strategies California will implement to achieve a 
reduction of 169 MMT CO2e emissions, or approximately 28 percent from the state’s 
projected 2020 emission level of 596 MMT of CO2e under a business-as-usual scenario 
(this is a reduction of 42 MMT of CO2e, or almost 10 percent, from 2002-2004 average 
emissions), so that the state can return to 1990 emission levels, as required by AB 32. 
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While the Scoping Plan establishes the policy intent to control numerous GHG sources 
through regulatory, incentive, and market means, given the early phase of implementation 
and the level of control that local CEQA lead agencies have over numerous GHG 
sources, CEQA is an important and supporting tool in achieving GHG reductions overall 
in compliance with AB 32. In this spirit, BAAQMD is considering the adoption of 
thresholds of significance for GHG emissions for stationary source and land use 
development projects. 

Senate Bill 375  

Senate Bill (SB) 375, signed in September 2008, aligns regional transportation planning 
efforts, regional GHG reduction targets, and land use and housing allocation. SB 375 
requires Metropolitan Planning Organizations (MPOs) to adopt a Sustainable 
Communities Strategy (SCS) or Alternative Planning Strategy (APS), which will 
prescribe land use allocation in that MPO’s Regional Transportation Plan (RTP). ARB, in 
consultation with MPOs, will provide each affected region with reduction targets 
for GHGs emitted by passenger cars and light trucks in the region for the years 2020 and 
2035. These reduction targets will be updated every eight years, but can be updated every 
four years if advancements in emission technologies affect the reduction strategies to 
achieve the targets. ARB is also charged with reviewing each MPO’s SCS or APS for 
consistency with its assigned targets. If MPOs do not meet the GHG reduction targets, 
transportation projects would not be eligible for State funding programmed after January 
1, 2012. New provisions of CEQA would incentivize qualified projects that are consistent 
with an approved SCS or APS, categorized as “transit priority projects.” 

While SB 375 is considered in the development of these thresholds, given that the 
Association of Bay  Area Governments (ABAG) and the Metropolitan Transportation 
Commission (MTC) development of the SCS for the Bay Area is in its early stages and 
the ARB GHG reduction target for light duty and passenger vehicles in the Bay Area has 
not yet been proposed, it is not appropriate from a CEQA perspective to expect SB 375 to 
completely address the emission reductions needed from this transportation sector in 
meeting AB 32 goals. In the future, as SB 375 implementation progresses, BAAQMD 
may need to revisit GHG thresholds.  

2.3.2 PROJECT-LEVEL GHG THRESHOLDS 

Staff recommends setting GHG significance thresholds based on AB 32 GHG emission 
reduction goals while taking into consideration emission reduction strategies outlined in 
ARB’s Scoping Plan. Staff proposes two quantitative thresholds for land use projects: a 
bright line threshold based on a “gap” analysis and an efficiency threshold based on 
emission levels required to be met in order to achieve AB 32 goals. 

Staff also proposes one qualitative threshold for land use projects: if a project complies 
with a Qualified Climate Action Plan (as defined in Section 2.3.4 below) that addresses 
the project it would be considered less than significant.  As explained in detail in Section 
2.3.4 below, compliance with a Qualified Climate Action Plan (or similar adopted 
policies, ordinances and programs), would provide the evidentiary basis for making 
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CEQA findings that development consistent with the plan would result in feasible, 
measureable, and verifiable GHG reductions consistent with broad state goals such that 
projects approved under qualified Climate Action Plans or equivalent demonstrations 
would achieve their fair share of GHG emission reductions. 

2.3.2.1 LAND USE PROJECTS “GAP-BASED” THRESHOLD 

Staff took eight steps in developing this threshold approach, which are summarized here 
and detailed in the sections that follow. It should be noted that the “gap-based approach” 
used for threshold development is a conservative approach that focuses on a limited set of 
state mandates that appear to have the greatest potential to reduce land use development-
related GHG emissions at the time of this writing. It is also important to note that over 
time, as the effectiveness of the State’s implementation of AB 32 (and SB 375) 
progresses, BAAQMD will need to reconsider the extent of GHG reductions needed over 
and above those from the implementation thereof for the discretionary approval of land 
use development projects. Although there is an inherent amount of uncertainty in the 
estimated capture rates (i.e., frequency at which project-generated emissions would 
exceed a threshold and would be subject to mitigation under CEQA) and the aggregate 
emission reductions used in the gap analysis, they are based on BAAQMD’s expertise, 
the best available data, and use conservative assumptions for the amount of emission 
reductions from legislation in derivation of the gap (e.g., only adopted legislation was 
relied upon). This approach is intended to attribute an appropriate share of GHG emission 
reductions necessary to reach AB 32 goals to new land use development projects in 
BAAQMD’s jurisdiction that are evaluated pursuant to CEQA. 

Step 1 Estimate from ARB’s statewide GHG emissions inventory the growth in 
emissions between 1990 and 2020 attributable to “land use-driven” sectors of 
the emission inventory as defined by OPR’s guidance document (CEQA and 
Climate Change). Land use-driven emission sectors include Transportation (On-
Road Passenger Vehicles; On-Road Heavy Duty), Electric Power (Electricity; 
Cogeneration), Commercial and Residential (Residential Fuel Use; Commercial 
Fuel Use) and Recycling and Waste (Domestic Waste Water Treatment).   

Result:  1990 GHG emissions were 295.53 MMT CO2e/yr and projected 2020 
business-as-usual GHG emissions would be 400.22 MMT CO2e/yr; 
thus a 26.2 percent reduction from statewide land use-driven GHG 
emissions would be necessary to meet the AB 32 goal of returning to 
1990 emission levels by 2020.  (See Table 2) 

Step 2  Estimate the anticipated GHG emission reductions affecting the same land use-
driven emissions inventory sectors associated with adopted statewide 
regulations identified in the AB 32 Scoping Plan.  

Result: Estimated a 23.9 percent reduction can be expected in the land use-
driven GHG emissions inventory from adopted Scoping Plan 
regulations, including AB 1493 (Pavley), LCFS, Heavy/Medium Duty 
Efficiency, Passenger Vehicle Efficiency, Energy-Efficiency 
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Measures, Renewable Portfolio Standard, and Solar Roofs.  (See Table 
3) 

Step 3  Determine any short fall or “gap” between the 2020 statewide emission 
inventory estimates and the anticipated emission reductions from adopted 
Scoping Plan regulations. This “gap” represents additional GHG emission 
reductions needed statewide from the land use-driven emissions inventory 
sectors, which represents new land use development’s share of the emission 
reductions needed to meet statewide GHG emission reduction goals.   

Result: With the 23.9 percent reductions from AB 32 Scoping Measures, there 
is a “gap” of 2.3 percent in necessary additional GHG emissions 
reductions to meet AB 32 goals of a 26.2 percent reduction from 
statewide land use-driven GHG emissions to return to 1990 levels in 
2020.  (See Table 2) 

Step 4  Determine the percent reduction this “gap” represents in the “land use-driven” 
emissions inventory sectors from BAAQMD’s 2020 GHG emissions inventory. 
Identify the mass of emission reductions needed in the SFBAAB from land use-
driven emissions inventory sectors.   

Result: Estimated that a 2.3 percent reduction in BAAQMD’s projected 2020 
emissions projections requires emissions reductions of 1.6 MMT 
CO2e/yr from the land use-driven sectors.   (See Table 4) 

Step 5  Assess BAAQMD’s historical CEQA database (2001-2008) to determine the 
frequency distribution trend of project sizes and types that have been subject to 
CEQA over the past several years.  

Result: Determined historical patterns of residential, commercial and 
industrial development by ranges of average sizes of each 
development type. Results were used in Step 6 below to distribute 
anticipated Bay Area growth among different future project types and 
sizes. 

Step 6  Forecast new land use development for the Bay Area using DOF/EDD 
population and employment projections and distribute the anticipated growth 
into appropriate land use types and sizes needed to accommodate the anticipated 
growth (based on the trend analysis in Step 5 above). Translate the land use 
development projections into land use categories consistent with those 
contained in the Urban Emissions Model (URBEMIS).  

Result: Based on population and employment projections and the trend 
analysis from Step 5 above, forecasted approximately 4,000 new 
development projects, averaging about 400 projects per year through 
2020 in the Bay Area. 
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Step 7  Estimate the amount of GHG emissions from each land use development project 
type and size using URBEMIS and post-model manual calculation methods (for 
emissions not included in URBEMIS). Determine the amount of GHG 
emissions that can reasonably and feasibly be reduced through currently 
available mitigation measures (“mitigation effectiveness”) for future land use 
development projects subject to CEQA (based on land use development 
projections and frequency distribution from Step 6 above).   

Result: Based on the information available and on sample URBEMIS 
calculations, found that mitigation effectiveness of between 25 and 30 
percent is feasible.  

Step 8  Conduct a sensitivity analysis of the numeric GHG mass emissions threshold 
needed to achieve the desired emissions reduction (i.e., “gap”) determined in 
Step 4. This mass emission GHG threshold is that which would be needed to 
achieve the emission reductions necessary by 2020 to meet the Bay Area’s share 
of the statewide “gap” needed from the land use-driven emissions inventory 
sectors.  

Result: The results of the sensitivity analysis conducted in Step 8 found that 
reductions between about 125,000 MT/yr (an aggregate of 1.3 MMT in 
2020) and over 200,000 MT/yr (an aggregate of over 2.0 MMT in 
2020) were achievable and feasible. A mass emissions threshold of 
1,100 MT of CO2e/yr would result in approximately 59 percent of all 
projects being above the significance threshold (e.g., this is 
approximately the operational GHG emissions that would be 
associated with a 60 residential unit subdivision) and must implement 
feasible mitigation measures to meet CEQA requirements. With an 
estimated 26 percent mitigation effectiveness, the 1,100 MT threshold 
would achieve 1.6 MMT CO2e/yr in GHG emissions reductions. 

2.3.2.2 DETAILED BASIS AND ANALYSIS 

Derivation of Greenhouse Gas Reduction Goal 

To meet the target emissions limit established in AB 32 (equivalent to levels in 1990), 
total GHG emissions would need to be reduced by approximately 28 percent from 
projected 2020 forecasts (ARB 2009a). The AB 32 Scoping Plan is ARB’s plan for 
meeting this mandate (ARB 2008). While the Scoping Plan does not specifically identify 
GHG emission reductions from the CEQA process for meeting AB 32 derived emission 
limits, the scoping plan acknowledges that “other strategies to mitigate climate change . . 
. should also be explored.” The Scoping Plan also acknowledges that “Some of the 
measures in the plan may deliver more emission reductions than we expect; others less . . 
. and new ideas and strategies will emerge.” In addition, climate change is considered a 
significant environmental issue and, therefore, warrants consideration under CEQA. SB 
97 represents the State Legislature’s confirmation of this fact, and it directed the 
Governor’s Office of Planning and Research (OPR) to develop CEQA Guidelines for 
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evaluation of GHG emissions impacts and recommend mitigation strategies. In response, 
OPR released the Technical Advisory: CEQA and Climate Change (OPR 2008), and has 
released proposed CEQA guidelines (April 14, 2009) for consideration of GHG 
emissions. It is known that new land use development must also do its fair share toward 
achieving AB 32 goals (or, at a minimum, should not hinder the State’s progress toward 
the mandated emission reductions).  

Foreseeable Scoping Plan Measures Emission Reductions and Remaining “Gap” 

Step 1 of the Gap Analysis entailed estimating from ARB’s statewide GHG inventory the 
growth in emissions between 1990 and 2020 attributable to land use driven sectors of the 
emissions inventory. As stated above, to meet the requirements set forth in AB 32 (i.e., 
achieve California’s 1990-equivalent GHG emissions levels by 2020) California would 
need to achieve an approximate 28 percent reduction in emissions across all sectors of the 
GHG emissions inventory compared with 2020 projections. However, to meet the AB 32 
reduction goals in the emissions sectors that are related to land use development (e.g., on-
road passenger and heavy-duty motor vehicles, commercial and residential area sources 
[i.e., natural gas], electricity generation/consumption, wastewater treatment, and water 
distribution/consumption), staff determined that California would need to achieve an 
approximate 26 percent reduction in GHG emissions from these land use-driven sectors 
(ARB 2009a) by 2020 to return to 1990 land use emission levels.  

Next, in Step 2 of the Gap Analysis, Staff determined the GHG emission reductions 
within the land use-driven sectors that are anticipated to occur from implementation of 
the Scoping Plan measures statewide, which are summarized in Table 2 and described 
below. Since the GHG emission reductions anticipated with the Scoping Plan were not 
accounted for in ARB’s or BAAQMD’s 2020 GHG emissions inventory forecasts (i.e., 
business as usual), an adjustment was made to include (i.e., give credit for) GHG 
emission reductions associated with key Scoping Plans measures, such as the Renewable 
Portfolio Standard, improvements in energy efficiency through periodic updates to Title 
24, AB 1493 (Pavley) (which recently received a federal waiver to allow it to be enacted 
in law),  the Low Carbon Fuel Standard (LCFS), and other measures. With reductions 
from these State regulations (Scoping Plan measures) taken into consideration and 
accounting for an estimated 23.9 percent reduction in GHG emissions, in Step 3 of the 
Gap Analysis Staff determined that the Bay Area would still need to achieve an 
additional 2.3 percent reduction from projected 2020 GHG emissions to meet the 1990 
GHG emissions goal from the land-use driven sectors. This necessary 2.3 percent 
reduction in projected GHG emissions from the land use sector is the “gap” the Bay Area 
needs to fill to do its share to meet the AB 32 goals. Refer to the following explanation 
and Tables 2 through 4 for data used in this analysis.  

Because the transportation sector is the largest emissions sector of the state’s GHG 
emissions inventory, it is aggressively targeted in early actions and other priority actions 
in the Scoping Plan including measures concerning gas mileage (Pavley), fuel carbon 
intensity (LCFS) and vehicle efficiency measures. 
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Table 2 – California 1990, 2002-2004, and 2020 Land Use Sector GHG1 

(MMT CO2e/yr) 

Sector 1990 Emissions
2002-2004 
Average 

2020 BAU 
Emissions 

Projections 

% of 2020 
Total 

Transportation 137.98 168.66 209.06 52% 

On-Road Passenger Vehicles 108.95 133.95 160.78 40% 

On-Road Heavy Duty 29.03 34.69 48.28 12% 

Electric Power 110.63 110.04 140.24 35% 

Electricity 95.39 88.97 107.40 27% 

Cogeneration2 15.24 21.07 32.84 8% 

Commercial and Residential 44.09 40.96 46.79 12% 

Residential Fuel Use 29.66 28.52 32.10 8% 

Commercial Fuel Use 14.43 12.45 14.63 4% 

Recycling and Waste1 2.83 3.39 4.19 1% 

Domestic Wastewater Treatment 2.83 3.39 4.19 1% 

TOTAL GROSS EMISSIONS 295.53 323.05 400.22  

% Reduction Goal from Statewide land use driven sectors (from 2020 
levels to reach 1990 levels in these emission inventory sectors) 

26.2% 

% Reduction from AB32 Scoping Plan measures applied to land use 
sectors (see Table 3) 

-23.9% 

% Reduction needed statewide beyond Scoping Plan measures (Gap)  2.3% 

Notes: MMT CO2e /yr = million metric tons of carbon dioxide equivalent emissions per year. 
1 Landfills not included.  See text. 
2 Cogeneration included due to many different applications for electricity, in some cases provides 
substantial power for grid use, and because electricity use served by cogeneration is often amenable to 
efficiency requirements of local land use authorities. 
Sources: Data compiled by EDAW and ICF Jones & Stokes from ARB data. 

 

Pavley Regulations. The AB 32 Scoping Plan assigns an approximate 20 percent 
reduction in emissions from passenger vehicles associated with the implementation of 
AB 1493. The AB 32 Scoping Plan also notes that “AB 32 specifically states that if the 
Pavley regulations do not remain in effect, ARB shall implement alternative regulations 
to control mobile sources to achieve equivalent or greater reductions of greenhouse gas 
emissions (HSC §38590).” Thus, it is reasonable to assume full implementation of AB 
1493 standards, or equivalent programs that would be implemented by ARB. While the 
Obama administration has proposed national CAFE standards that may be equivalent to 
or even surpass AB 1493, the timing for implementation of the proposed federal 
standards is uncertain such that development of thresholds based on currently unadopted 
federal standards would be premature. BAAQMD may need to revisit this methodology 
as the federal standards come on line, particularly if such standards are more aggressive 
than that forecast under state law. 
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Table 3 – 2020 Land Use Sector GHG Emission Reductions from State Regulations and AB 32 

Measures 

Affected 
Emissions 

Source 

California 
Legislation 

% Reduction 
from 2020 

GHG 
inventory 

End Use Sector (% of Bay Area 
LU Inventory) 

Scaled % 
Emissions 
Reduction 

(credit) 

AB 1493 (Pavley) 19.7% 
On road passenger/light truck 
transportation (45%) 

8.9% 

LCFS 7.2% 
On road passenger/light truck 
transportation (45%) 

3.2% 

LCFS 7.2% 
On road Heavy/Medium Duty 
Transportation (5%) 

0.4% 

Heavy/Medium 
Duty Efficiency 

2.9% 
On road Heavy/Medium Duty 
Transportation (5%) 

0.2% 

Mobile  

Passenger Vehicle 
Efficiency 

2.8% 
On road passenger/light truck 
transportation (45%) 

1.3% 

Natural gas (Residential, 10%) 1.0% 
Area  

Energy-Efficiency 
Measures 

9.5%  
Natural gas (Non-residential,13%) 1.2% 

Renewable 
Portfolio Standard 

21.0% 
Electricity (excluding cogen) 
(17%) 

3.5% 

Energy-Efficiency 
Measures 

15.7% Electricity (26%) 4.0% 
Indirect  
 

Solar Roofs 1.5% 
Electricity (excluding cogen) 
(17%) 

0.2% 

Total credits given to land use-driven emission inventory sectors from Scoping Plan 
measures  

23.9% 

Notes: AB = Assembly Bill; LCFS = Low Carbon Fuel Standard; SB = Senate Bill; RPS = Renewable 
Portfolio Standard 
Please refer to Appendix D for detailed calculations. Sources: Data compiled by ICF Jones & Stokes. 

 
 
LCFS. According to the adopted LCFS rule (CARB, April 2009), the LCFS is expected 
to result in approximately 10 percent reduction in the carbon intensity of transportation 
fuels. However, a portion of the emission reductions required from the LCFS would be 
achieved over the life cycle of transportation fuel production rather than from mobile-
source emission factors. Based on CARB’s estimate of nearly 16 MMT reductions in on-
road emissions from implementation of the LCFS and comparison to the statewide on-
road emissions sector, the LCFS is assumed to result in a 7.2 percent reduction compared 
to 2020 BAU conditions (CARB 2009e). 
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Table 4 – SFBAAB 1990, 2007, and 2020 Land Use Sector GHG Emissions Inventories and 
Projections (MMT CO2e/yr) 

Sector 1990 Emissions 2007 Emissions
2020 Emissions 

Projections 
% of 2020 

Total2 

Transportation 26.1 30.8 35.7 50% 

On-Road Passenger Vehicles 23.0 27.5 32.0  

On-Road Heavy Duty 3.1 3.3 3.7  

Electric Power 25.1 15.2 18.2 26% 

Electricity 16.5 9.9 11.8  

Cogeneration 8.6 5.3 6.4  

Commercial and Residential 8.9 15.0 16.8 24% 

Residential Fuel Use 5.8 7.0 7.5  

Commercial Fuel Use 3.1 8.0 9.3  

Recycling and Waste1 0.2 0.4 0.4 1% 

Domestic Waste Water Treatment 0.2 0.4 0.4  

TOTAL GROSS EMISSIONS 60.3 61.4 71.1  

SFBAAB’s “Fair Share” % Reduction (from 2020 levels to reach 
1990 levels) with AB-32 Reductions (from Table 3) 

2.3% 
 

SFBAAB’s Equivalent Mass Emissions Land Use Reduction Target at 
2020 (MMT CO2e/yr) 

1.6 
 

Notes: MMT CO2e /yr = million metric tons of carbon dioxide equivalent emissions per year; SFBAAB = 
San Francisco Bay Area Air Basin. 
1 Landfills not included. 
2 Percentages do not sum exactly to 100% in table due to rounding.  
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ICF Jones & Stokes 2009, BAAQMD 2008. 

 
Renewable Portfolio Standard, Energy Efficiency and Solar Roofs. Energy efficiency and 
renewable energy measures from the Scoping Plan were also included in the gap analysis.  
The Renewable Portfolio Standard (rules) will require the renewable energy portion of 
the retail electricity portfolio to be 33 percent in 2020. For PG&E, the dominant 
electricity provider in the Basin, approximately 12 percent of their current portfolio 
qualifies under the RPS rules and thus the gain by 2020 would be approximately 21 
percent. The Scoping Plan also estimates that energy efficiency gains with periodic 
improvement in building and appliance energy standards and incentives will reach 10 to 
15 percent for natural gas and electricity respectively. The final state measure included in 
this gap analysis is the solar roof initiative, which is estimated to result in reduction of the 
overall electricity inventory of 1.5 percent. 

Landfill emissions are excluded from this analysis. While land use development does 
generate waste related to both construction and operations, the California Integrated 
Waste Management Board (CIWMB) has mandatory diversion requirements that will, in 
all probability, increase over time to promote waste reductions, reuse, and recycle. The 
Bay Area has relatively high levels of waste diversion and extensive recycling efforts. 
Further, ARB has established and proposes to increase methane capture requirements for 
all major landfills. Thus, at this time, landfill emissions associated with land use 
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development waste generation is not included in the land use sector inventory used to 
develop this threshold approach. 

Industrial stationary sources thresholds were developed separately from the land use 
threshold development using a market capture approach as described below. However, 
mobile source and area source emissions, as well as indirect electricity emissions that 
derive from industrial use are included in the land use inventory above as these particular 
activities fall within the influence of local land use authorities in terms of the affect on 
trip generation and energy efficiency.  

AB 32 mandates reduction to 1990-equivalent GHG levels by 2020, with foreseeable 
emission reductions from State regulations and key Scoping Plan measures taken into 
account, were applied to the land use-driven emission sectors within the SFBAAB (i.e., 
those that are included in the quantification of emissions from a land use project pursuant 
to a CEQA analysis [on-road passenger vehicles, commercial and residential natural gas, 
commercial and residential electricity consumption, and domestic waste water treatment], 
as directed by OPR in the Technical Advisory: Climate Change and CEQA [OPR 2008]). 
This translates to a 2.3 percent gap in necessary GHG emission reductions by 2020 from 
these sectors. 

2.3.2.3 LAND USE PROJECTS BRIGHT LINE THRESHOLD 

In Steps 4 and 5 of the gap analysis, Staff determined that applying a 2.3 percent 
reduction to these land use emissions sectors in the SFBAAB’s GHG emissions inventory 
would result in an equivalent fair share of 1.6 million metric tons per year (MMT/yr) 
reductions in GHG emissions from new land use development. As additional regulations 
and legislation aimed at reducing GHG emissions from land use-related sectors become 
available in the future, the 1.6 MMT GHG emissions reduction goal may be revisited and 
recalculated by BAAQMD. 

In order to derive the 1.6 MMT “gap,” a projected development inventory for the next ten 
years in the SFBAAB was calculated. (See Table 4 and Revised Draft Options and 
Justifications Report (BAAQMD 2009).) CO2e emissions were modeled for projected 
development in the SFBAAB and compiled to estimate the associated GHG emissions 
inventory. The GHG (i.e., CO2e) CEQA threshold level was adjusted for projected land 
use development that would occur within BAAQMD’s jurisdiction over the period from 
2010 through 2020. 

Projects with emissions greater than the threshold would be required to mitigate to the 
threshold level or reduce project emissions by a percentage (mitigation effectiveness) 
deemed feasible by the Lead Agency under CEQA compared to a base year condition. 
The base year condition is defined by an equivalent size and character of project with 
annual emissions using the defaults in URBEMIS and the California Climate Action 
Registry’s General Reporting Protocol for 2008. By this method, land use project 
mitigation subject to CEQA would help close the “gap” remaining after application of the 
key regulations and measures noted above supporting overall AB 32 goals.   
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This threshold takes into account Steps 1-8 of the gap analysis described above to arrive 
at a numerical mass emissions threshold. Various mass emissions significance threshold 
levels (i.e., bright lines) could be chosen based on the mitigation effectiveness and 
performance anticipated to be achieved per project to meet the aggregate emission 
reductions of 1.6 MMT needed in the SFBAAB by 2020. (See Table 5 and Revised Draft 
Options and Justifications Report (BAAQMD 2009).) Staff recommends a 1,100 MT 
CO2e per year threshold. Choosing a 1,100 MT mass emissions significance threshold 
level (equivalent to approximately 60 single-family units), would result in about 59 
percent of all projects being above the significance threshold and having to implement 
feasible mitigation measures to meet their CEQA obligations.  These projects account for 
approximately 92 percent of all GHG emissions anticipated to occur between now and 
2020 from new land use development in the SFBAAB.  

Project applicants and lead agencies could use readily available computer models to 
estimate a project’s GHG emissions, based on project specific attributes, to determine if 
they are above or below the bright line numeric threshold. With this threshold, projects 
that are above the threshold level, after consideration of emission-reducing characteristics 
of the project as proposed, would have to reduce their emissions to below the threshold to 
be considered less than significant.  

Establishing a “bright line” to determine the significance of a project’s GHG emissions 
impact provides a level of certainty to lead agencies in determining if a project needs to 
reduce its GHG emissions through mitigation measures and when an EIR is required.  
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Table 5 – Operational GHG Threshold Sensitivity Analysis 

Mitigation Effectiveness Assumptions 

Option 
Performance 

Standards Applied to 
All Projects with 

Emissions < 
Threshold Level 

Mitigation 
Effectiveness 

Applied to 
Emissions > 

Threshold Level 

Mass Emission 
Threshold Level 
(MT CO2e/yr) 

% of Projects 
Captured 

(>threshold) 

% of 
Emissions 
Captured 

 (> threshold)

Emissions 
Reduction per 
year (MT/yr) 

Aggregate 
Emissions 
Reduction 
(MMT) at 

2020 

Threshold Project 
Size Equivalent 
(single family 

dwelling units) 

1A N/A 30% 975 60% 93% 201,664 2.0 53 

1A N/A 25% 110 96% 100% 200,108 2.0 66 

1A N/A 30% 1,225 21% 67% 159,276 1.6 67 

1A N/A 26% 1,100 59% 92% 159,877 1.6 60 

1A N/A 30% 2,000 14% 61% 143,418 1.4 109 

1A N/A 25% 1,200 58% 92% 136,907 1.4 66 

1A N/A 30% 3,000 10% 56% 127,427 1.3 164 

1A N/A 25% 1,500 20% 67% 127,303 1.3 82 

1B 26% N/A N/A 100% 100% 208,594 2.1 N/A1 

1C 5% 30% 1,900 15% 62% 160,073 1.6 104 

1C 10% 25% 1,250 21% 67% 159,555 1.6 68 

1C 5% 30% 3,000 10% 56% 145,261 1.5 164 

1C 10% 25% 2,000 4% 61% 151,410 1.5 109 

1C 10% 30% 10,000 2% 33% 125,271 1.3 547 

Notes: MMT = million metric tons per year; MT CO2e/yr = metric tons of carbon dioxide equivalent emissions per year; MT/yr = metric tons per year; N/A = not applicable. 
1 Any project subject to CEQA would trigger this threshold. 

Please refer to Appendix E for detailed calculations. 

Source: Data modeled by ICF Jones & Stokes. 
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2.3.2.4 LAND USE PROJECTS EFFICIENCY-BASED THRESHOLD 

GHG efficiency metrics can also be utilized as thresholds to assess the GHG efficiency of a 
project on a per capita basis (residential only projects) or on a “service population” basis 
(the sum of the number of jobs and the number of residents provided by a project) such that 
the project will allow for consistency with the goals of AB 32 (i.e., 1990 GHG emissions 
levels by 2020). GHG efficiency thresholds can be determined by dividing the GHG 
emissions inventory goal (allowable emissions), by the estimated 2020 population and 
employment. This method allows highly efficient projects with higher mass emissions to 
meet the overall reduction goals of AB 32. Staff believes it is more appropriate to base the 
land use efficiency threshold on the service population metric for the land use-driven 
emission inventory. This approach is appropriate because the threshold can be applied 
evenly to all project types (residential or commercial/retail only and mixed use) and uses 
only the land use emissions inventory that is comprised of all land use projects. Staff will 
provide the methodology to calculate a project’s GHG emissions in the revised CEQA 
Guidelines, such as allowing infill projects up to a 50 percent or more reduction in daily 
vehicle trips if the reduction can be supported by close proximity to transit and support 
services, or a traffic study prepared for the project. 

Table 6 – California 2020 GHG Emissions, Population Projections and GHG Efficiency 
Thresholds - Land Use Inventory Sectors 

Land Use Sectors Greenhouse Gas Emissions Target 295,530,000 

Population 44,135,923 

Employment 20,194,661 

California Service Population (Population + Employment) 64,330,584 

AB 32 Goal GHG emissions (metric tons CO2e)/SP1 4.6 

Notes: AB = Assembly Bill; CO2e = carbon dioxide equivalent; GHG = greenhouse gas; SP = service 
population. 
1 Greenhouse gas efficiency levels were calculated using only the “land use-related” sectors of ARB’s 
emissions inventory. 
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ARB 2009a, DOF 2009, EDD 2009, ICF Jones & Stokes 2009. 

 

Staff proposes a project-level efficiency threshold of 4.6 MT CO2e/SP, the derivation of 
which is shown Table 6. This efficiency-based threshold reflects very GHG-efficient 
projects. As stated previously and below, staff anticipates that significance thresholds 
(rebuttable presumptions of significance at the project level) will function on an interim 
basis only until adequate programmatic approaches are in place at the city, county, and 
regional level that will allow the CEQA streamlining of individual projects. (See Draft 
CEQA Guidelines, proposed section 15183.5 ["Tiering and Streamlining the Analysis of 
Greenhouse Gas Emissions"]). In advance of such programmatic approaches, local 
agencies may wish to apply this efficiency-based recommended threshold with some 
discretion, taking into account not only the project's efficiency, but also its total GHG 
emissions. Even where a project is relatively GHG-efficient as compared to other 
projects, in approving the project, the lead agency is committing to use what is essentially 



Bay Area AQMD Proposed Air Quality CEQA Thresholds of Significance 
December 7, 2009 

 
 

 
22 

its GHG "budget" in a given way. Expending this "budget" on the proposed project may 
affect other development opportunities and associated obligations to mitigate or conflict 
with other actions that the community may wish to take to reduce its overall GHG 
emissions after it has conducted its programmatic analysis.  
 
Accordingly, in applying the efficiency-based threshold of 4.6 MT CO2e/SP, the lead 
agency might also wish to consider the project's total emissions. Where a project meets 
the efficiency threshold but would still have very large GHG emissions, the lead agency 
may wish to consider whether the project's contributions to climate change might still be 
cumulatively considerable and whether additional changes to the project or mitigation 
should be required.  Staff notes that even where the project may be significant as it relates 
to climate change, the lead agency may find that the project should nonetheless be 
approved in light of its benefits; in that case, the lead agency may wish to note the 
project’s efficiency and any innovative design features in the Statement of Overriding 
Considerations. 
 
2.3.3 PLAN-LEVEL GHG THRESHOLDS 

Staff proposes using a two step process for determining the significance of proposed 
plans and plan amendments for GHG. As a first step in assessing plan-level impacts, Staff 
is proposing that agencies that have adopted a qualified climate action plan (or have 
incorporated similar criteria in their General Plan) and the General Plan or Transportation 
Plan are consistent with the climate action plan, the General Plan or Transportation Plan 
would be considered less than significant. In addition, as discussed above for project-
level GHG impacts, Staff is proposing an efficiency threshold to assess plan-level 
impacts. Staff believes a programmatic approach to limiting GHG emissions is 
appropriate at the plan-level. Thus, as projects consistent with the climate action plan are 
proposed, they may be able to tier off the plan and its environmental analysis. 
 
2.3.3.1 GHG EFFICIENCY METRICS FOR PLANS 

For local land use plans, a GHG-efficiency metric (e.g., GHG emissions per unit) would 
enable comparison of a proposed general plan to its alternatives and to determine if the 
proposed general plan meets AB 32 emission reduction goals. 

AB 32 identifies local governments as essential partners in achieving California’s goal to 
reduce GHG emissions. Local governments have primary authority to plan, zone, 
approve, and permit how and where land is developed to accommodate population 
growth and the changing needs of their jurisdiction. ARB has developed the Local 
Government Operations Protocol and is developing a protocol to estimate community-
wide GHG emissions. ARB encourages local governments to use these protocols to track 
progress in reducing GHG emissions. ARB encourages local governments to 
institutionalize the community’s strategy for reducing its carbon footprint in its general 
plan. SB 375 creates a process for regional integration of land development patterns and 
transportation infrastructure planning with the primary goal of reducing GHG emissions 
from the largest sector of the GHG emission inventory, light duty vehicles.  
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If the statewide AB 32 GHG emissions reduction context is established, GHG efficiency 
can be viewed independently from the jurisdiction in which the plan is located. Expressing 
projected 2020 mass of emissions from land use-related emissions sectors by comparison to 
a demographic unit (e.g., population and employment) provides evaluation of the GHG 
efficiency of a project in terms of what emissions are allowable while meeting AB 32 
targets.  

Two approaches were considered for efficiency metrics. The “service population” (SP) 
approach would consider efficiency in terms of the GHG emissions compared to the sum of 
the number of jobs and the number of residents at a point in time. The per capita option 
would consider efficiency in terms of GHG emissions per resident only. Staff recommends 
that the efficiency threshold for plans be based on all emission inventory sectors because, 
unlike land use projects, community-wide or regional plans comprise more than just land 
use related emissions (e.g. industrial). Further, Staff recommends that plan threshold be 
based on the service population metric as community-wide plans or regional plans include 
a mix of residents and employees. The Service Population metric would allow decision 
makers to compare GHG efficiency of general plan alternatives that vary residential and 
non-residential development totals, encouraging GHG efficiency through improving 
jobs/housing balance. This approach would not give preference to communities that 
accommodate more residential (population-driven) land uses than non-residential 
(employment driven) land uses which could occur with the per capita approach. 

A SP-based GHG efficiency metric (see Table 7) was derived from the emission rates at 
the State level that would accommodate projected population and employment growth 
under trend forecast conditions, and the emission rates needed to accommodate growth 
while allowing for consistency with the goals of AB 32 (i.e., 1990 GHG emissions levels 
by 2020).  

Table 7 – California 2020 GHG Emissions, Population Projections and GHG Efficiency 
Thresholds - All Inventory Sectors 

All Inventory Sectors Greenhouse Gas Emissions Target 426,500,000 

Population 44,135,923 

Employment 20,194,661 

California Service Population (Population + Employment) 64,330,584 

AB 32 Goal GHG emissions (metric tons CO2e)/SP1 6.6 

Notes: AB = Assembly Bill; CO2e = carbon dioxide equivalent; GHG = greenhouse gas; SP = service 
population. 
1 Greenhouse gas efficiency levels were calculated using only the “land use-related” sectors of ARB’s 
emissions inventory. 
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ARB 2009a, DOF 2009, EDD 2009, ICF Jones & Stokes 2009. 

 

If a general plan demonstrates, through dividing the emissions inventory projections (MT 
CO2e) by the amount of growth that would be accommodated in 2020, that it could meet 
the GHG efficiency metrics proposed in this section (6.6 MT CO2e/SP from all emission 
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sectors, as noted in Table 7), then the amount of GHG emissions associated with the 
general plan would be considered less than significant, regardless of its size (and 
magnitude of GHG emissions). In other words, the general plan would accommodate 
growth in a manner that would not hinder the State’s ability to achieve AB 32 goals, and 
thus, would be less than significant for GHG emissions and their contribution to climate 
change. The efficiency metric would not penalize well-planned communities that propose 
a large amount of development. Instead, the SP-based GHG efficiency metric acts to 
encourage the types of development that BAAQMD and OPR support (i.e., infill and 
transit-oriented development) because it tends to reduce GHG and other air pollutant 
emissions overall, rather than discourage large developments for being accompanied by a 
large mass of GHG emissions. Plans that are more GHG efficient would have no or 
limited mitigation requirements to help them complete the CEQA process more readily 
than plans that promote GHG inefficiencies, which will require detailed design of 
mitigation during the CEQA process and could subject a plan to potential challenge as to 
whether all feasible mitigation was identified and adopted. This type of threshold can 
shed light on a well-planned general plan that accommodates a large amount of growth in 
a GHG-efficient way. 

When analyzing long-range plans, such as general plans, it is important to note that the 
planning horizon will often surpass the 2020 timeframe for implementation of AB 32. 
Executive Order S-3-05 establishes a more aggressive emissions reduction goal for the 
year 2050 of 80 percent below 1990 emissions levels. The year 2020 should be viewed as 
a milestone year, and the general plan should not preclude the community from a 
trajectory toward the 2050 goal. However, the 2020 timeframe is examined in this 
threshold evaluation because doing so for the 2050 timeframe (with respect to population, 
employment, and GHG emissions projections) would be too speculative. Advances in 
technology and policy decisions at the state level will be needed to meet the aggressive 
2050 goals. It is beyond the scope of the analysis tools available at this time to examine 
reasonable emissions reductions that can be achieved through CEQA analysis in the year 
2050. As the 2020 timeframe draws nearer, BAAQMD will need to reevaluate the 
threshold to better represent progress toward 2050 goals. 
 
2.3.4 CLIMATE ACTION PLANS 

Finally, many local agencies have already undergone or plan to undergo efforts to create 
general or other plans that are consistent with AB 32 goals.  The Air District encourages 
such planning efforts and recognizes that careful upfront planning by local agencies is 
invaluable to achieving the state’s GHG reduction goals.  If a project is consistent with an 
adopted Qualified Climate Action Plan that addresses the project’s GHG emissions, it can 
be presumed that the project will not have significant GHG emission impacts. This 
approach is consistent with CEQA Guidelines Section 15064(h)(3), which provides that a 
“lead agency may determine that a project’s incremental contribution to a cumulative 
effect is not cumulatively considerable if the project will comply with the requirements in 
a previously approved plan or mitigation program which provides specific requirements 
that will avoid or substantially lessen the cumulative problem.”   
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A qualified Climate Action Plan (or similar adopted policies, ordinances and programs) is 
one that is consistent with all of the AB 32 Scoping Plan measures and goals. The 
Climate Action Plan should identify a land use design, transportation network, goals, 
policies and implementation measures that would achieve AB 32 goals. Plans with 
horizon years beyond 2020 should consider continuing the downward reduction path set 
by AB 32 and move toward climate stabilization goals established in Executive Order S-
3-05. 

Qualified Climate Action Plans 

A qualified Climate Action Plan adopted by a local jurisdiction should include the 
following. The District’s revised CEQA Guidelines will provide the methodology to 
determine if a Climate Action Plan meets these requirements. 

► GHG Inventory for Current Year and Forecast for 2020 (and for 1990 if the reduction 
goal is based on 1990 emission levels). 

► An adopted GHG Reduction Goal for 2020 for the jurisdiction from all sources 
(existing and future) which is at least one of the following:  1990 GHG emission 
levels, 15 percent below 2008 emission levels, or 28 percent below BAU Forecasts 
for 2020 (if including non-land use sector emissions in the local inventory; otherwise 
can use 26.2 percent if only including land use sector emissions). 

► Identification of feasible reduction measures to reduce GHG emissions for 2020 to 
the identified target. 

► Application of relevant reduction measures included in the AB 32 Scoping Plan that 
are within the jurisdiction of the local land use authority (such as building energy 
efficiency, etc.). 

► Quantification of the reduction effectiveness of each of the feasible measures 
identified including disclosure of calculation method and assumptions. 

► Identification of implementation steps and financing mechanisms to achieve the 
identified goal by 2020. 

► Procedures for monitoring and updating the GHG inventory and reduction measures 
at least twice before 2020 or at least every five years. 

► Identification of responsible parties for Implementation.  

► Schedule of implementation. 

► Certified CEQA document, or equivalent process (see below). 

Local Climate Action Policies, Ordinances and Programs 

Air District staff recognizes that many communities in the Bay Area have been proactive 
in planning for climate change but have not yet developed a stand-alone Climate Action 
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Plan that meets the above criteria. Many cities and counties have adopted climate action 
policies, ordinances and program that may in fact achieve the goals of a qualified climate 
action plan. Staff recommends that if a local jurisdiction can demonstrate that its 
collective set of climate action policies, ordinances and other programs is consistent with 
AB 32, includes requirements or feasible measures to reduce GHG emissions and 
achieves one of the following GHG emission reduction goals,3 the AB 32 consistency 
demonstration should be considered equivalent to a qualified climate action plan: 

► 1990 GHG emission levels, 

► 15 percent below 2008 emission levels, or 

► 28 percent below BAU Forecasts for 2020 (if including non-land use sector emissions 
in the local inventory; otherwise can use 26.2 percent if only including land use sector 
emissions). 

Qualified Climate Action Plans that are tied to the AB 32 reduction goals would promote 
reductions on a plan level without impeding the implementation of GHG-efficient 
development, and would recognize the initiative of many Bay Area communities who 
have already developed or are in the process of developing a GHG reduction plan. The 
details required above for a qualified Climate Action Plan (or similar adopted policies, 
ordinances and programs) would provide the evidentiary basis for making CEQA 
findings that development consistent with the plan would result in feasible, measureable, 
and verifiable GHG reductions consistent with broad state goals such that projects 
approved under qualified Climate Action Plans or equivalent demonstrations would 
achieve their fair share of GHG emission reductions.   

2.3.5 STATIONARY SOURCE GHG THRESHOLD 

Staff’s recommended threshold for stationary source GHG emissions is based on 
estimating the GHG emissions from combustion sources for all permit applications 
submitted to the Air District in 2005, 2006 and 2007. The analysis is based only on CO2 
emissions from stationary sources, as that would cover the vast majority of the GHG 
emissions due to stationary combustion sources in the SFBAAB. The estimated CO2 
emissions were calculated for the maximum permitted amount, i.e. emissions that would 
be emitted if the sources applying for a permit application operate at maximum permitted 
load and for the total permitted hours. All fuel types are included in the estimates. For 
boilers burning natural gas, diesel fuel is excluded since it is backup fuel and is used only 
if natural gas is not available. Emission values are estimated before any offsets (i.e., 
Emission Reduction Credits) are applied. GHG emissions from mobile sources, 
electricity use and water delivery associated with the operation of the permitted sources 
are not included in the estimates. 

                                                 
3 Lead agencies using consistency with their jurisdiction’s climate action policies, ordinances and 
programs as a measure of significance under CEQA Guidelines section 15064(h)(3) should 
ensure that the policies, ordinances and programs satisfy all of the requirements of that subsection 
before relying on them in a CEQA analysis. 
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It is projected that a threshold level of 10,000 metric tons of CO2e per year would capture 
approximately 95 percent of all GHG emissions from new permit applications from 
stationary sources in the SFBAAB.  That threshold level was calculated as an average of 
the combined CO2 emissions from all stationary source permit applications submitted to 
the Air District during the three year analysis period. 

Staff recommends this 10,000 MT of CO2/yr as it would address a broad range of 
combustion sources and thus provide for a greater amount of GHG reductions to be 
captured and mitigated through the CEQA process.  As documented in the Scoping Plan, 
in order to achieve statewide reduction targets, emissions reductions need to be obtained 
through a broad range of sources throughout the California economy and this threshold 
would achieve this purpose. While this threshold would capture 95 percent of the GHG 
emissions from new permit applications, the threshold would do so by capturing only the 
large, significant projects. Permit applications with emissions above the 10,000 MT of 
CO2/yr threshold account for less than 10 percent of stationary source permit applications 
which represent 95 percent of GHG emissions from new permits analyzed during the 
three year analysis period.   

This threshold would be considered an interim threshold and Air District staff will 
reevaluate the threshold as AB 32 Scoping Plan measures such as cap and trade are more 
fully developed and implemented at the state level. 

2.3.6 SUMMARY OF JUSTIFICATION FOR GHG THRESHOLDS  

The bright-line numeric threshold of 1,100 MT CO2e/yr is a numeric emissions level 
below which a project’s contribution to global climate change would be less than 
“cumulatively considerable.” This emissions rate is equivalent to a project size of 
approximately 60 single-family dwelling units, and approximately 59 percent of all future 
projects and 92 percent of all emissions from future projects would exceed this level. For 
projects that are above this bright-line cutoff level, emissions from these projects would 
still be less than cumulatively significant if the project as a whole would result in an 
efficiency of 4.6 MT CO2e per service population or better for mixed-use projects.  
Projects with emissions above 1,100 MT CO2e/yr would therefore still be less than 
significant if they achieved project efficiencies below these levels. If projects as proposed 
exceed these levels, they would be required to implement mitigation measures to bring 
them back below the 1,100 MT CO2e/yr bright-line cutoff or within the 4.6 MT CO2e 
Service Population efficiency threshold. If mitigation did not bring a project back within 
the threshold requirements, the project would be cumulatively significant and could be 
approved only with a Statement of Overriding Considerations and a showing that all 
feasible mitigation measures have been implemented. Projects’ GHG emissions would 
also be less than significant if they comply with a Qualified Climate Action Plan. 

As explained in the preceding analyses of these thresholds, the greenhouse gas emissions 
from land use projects expected between now and 2020 built in compliance with these 
thresholds would be approximately 26 percent below BAU 2020 conditions and thus 
would be consistent with achieving an AB 32 equivalent reduction. The 26 percent 
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reduction from BAU 2020 from new projects built in conformance with these proposed 
thresholds would achieve an aggregate reduction of approximately 1.6 MMT CO2e/yr, 
which is the level of emission reductions from new Bay Area land use sources needed to 
meet the AB 32 goals, per ARB’s Scoping Plan as discussed above.   

Projects with greenhouse gas emissions in conformance with these proposed thresholds 
would therefore not be considered significant for purposes of CEQA. Although the 
emissions from such projects would add an incremental amount to the overall greenhouse 
gas emissions that cause global climate change impacts, emissions from projects 
consistent with these thresholds would not be a “cumulatively considerable” contribution 
under CEQA. Such projects would not be “cumulatively considerable” because they 
would be helping to solve the cumulative problem as a part of the AB 32 process. 

California’s response to the problem of global climate change is to reduce greenhouse gas 
emissions to 1990 levels by 2020 under AB 32 as a near-term measure and ultimately to 
80 percent below 1990 levels by 2050 as the long-term solution to stabilizing greenhouse 
gas concentrations in the atmosphere at a level that will not cause unacceptable climate 
change impacts. To implement this solution, the Air Resources Board has adopted a 
Scoping Plan and budgeted emissions reductions that will be needed from all sectors of 
society in order to reach the interim 2020 target. 

The land-use sector in the Bay Area needs to achieve aggregate emission reductions of 
approximately 1.6 MMT CO2e/yr from new projects between now and 2020 to achieve 
this goal, as noted above, and each individual new project will need to achieve its own 
respective portion of this amount in order for the Bay Area land use sector as a whole to 
achieve its allocated emissions target. Building all of the new projects expected in the 
Bay Area between now and 2020 in accordance with the thresholds that District staff are 
proposing will achieve the overall appropriate share for the land use sector, and building 
each individual project in accordance with the proposed thresholds will achieve that 
individual project’s respective portion of the emission reductions needed to implement 
the AB 32 solution. For these reasons, projects built in conformance with the proposed 
thresholds will be part of the solution to the cumulative problem, and not part of the 
continuing problem. They will allow the Bay Area’s land use sector to achieve the 
emission reductions necessary from that sector for California to implement its solution to 
the cumulative problem of global climate change. As such, even though such projects 
will add an incremental amount of greenhouse gas emissions, their incremental 
contribution will be less than “cumulatively considerable” because they are helping to 
achieve the cumulative solution, not hindering it. Such projects will therefore not be 
“significant” for purposes of CEQA. (See CEQA Guidelines §15064(h)(1).)  

The conclusion that land use projects that comply with these proposed thresholds is also 
supported by CEQA Guidelines Section 15030(a)(3), which provides that a project’s 
contribution to a cumulative problem can be less that cumulatively considerable “if the 
project is required to implement or fund its fair share of a mitigation measure or measures 
designed to alleviate the cumulative impact.” In the case of greenhouse gas emissions 
associated with land use projects, achieving the amount of emission reductions below 
BAU that will be required to achieve the AB 32 goals is the project’s “fair share” of the 
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overall emission reductions needed under ARB’s scoping plan to reach the overall 
statewide AB 32 emissions levels for 2020. If a project is designed to implement 
greenhouse gas mitigation measures that achieve a level of reductions consistent with 
what is required from all new land use projects to achieve the land use sector “budget” – 
i.e., keeping overall project emissions below 1,100 MT CO2e/yr or ensuring that project 
efficiency is better than 4.6 MT CO2e/service population – then it will be implementing 
its share of the mitigation measures necessary to alleviate the cumulative impact, as 
shown in the analyses set forth above.   
 
It is also worth noting that this “fair share” approach is flexible and will allow a project’s 
significance to be determined by how well it is designed from a greenhouse-gas 
efficiency standpoint, and not just by the project’s size. For example, a large high-density 
infill project located in an urban core nearby to public transit and other alternative 
transportation options, and built using state-of-the-art energy efficiency methods and 
improvements such as solar panels, as well as all other feasible mitigation measures, 
would not become significant for greenhouse gas purposes (and thus require a Statement 
of Overriding Considerations in order to be approved) simply because it happened to be a 
large project. Projects such as this hypothetical development with low greenhouse-gas 
emissions per service population are what California will need in the future in order to do 
its part in achieving a solution to the problem of global climate change. The 
determination of significance under CEQA should therefore take these factors into 
account, and staff’s proposed significance thresholds would achieve this important policy 
goal. In all, land use sector projects that comply with the GHG thresholds would not be 
“cumulatively considerable” because they would be helping to solve the cumulative 
problem as a part of the AB 32 process. 
 
Likewise, new Air District permit applications for stationary sources that comply with the 
quantitative threshold of 10,000 MT CO2e/yr would not be “cumulatively considerable” 
because they also would not hinder the state’s ability to solve the cumulative greenhouse 
gas emissions problem pursuant to AB 32. Unlike the land use sector, the AB 32 Scoping 
Plan measures, including the cap-and-trade program, provide for necessary emissions 
reductions from the stationary source sector to achieve AB 32 2020 goals.    
 
While stationary source projects will need to comply with the cap-and-trade program 
once it is enacted and reduce their emissions accordingly, the program will be phased in 
over time starting in 2012 and at first will only apply to the very largest sources of GHG 
emissions. In the mean time, certain stationary source projects, particularly those with 
large GHG emissions, still will have a cumulatively considerable impact on climate 
change. The 10,000 MT CO2e/yr threshold will capture 95 percent of the stationary 
source sector GHG emissions in the Bay Area.  The five percent of emissions that are 
from stationary source projects below the 10,000 MT CO2e/yr threshold account for a 
small portion of the Bay Area’s total GHG emissions from stationary sources and these 
emissions come from very small projects. Such small stationary source projects will not 
significantly add to the global problem of climate change, and they will not hinder the 
Bay Area’s ability to reach the AB 32 goal in any significant way, even when considered 
cumulatively. In Air District’s staff’s judgment, the potential environmental benefits from 
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requiring EIRs and mitigation for these projects would be insignificant. In all, based on 
staff’s expertise, stationary source projects with emissions below 10,000 MT CO2e/yr 
will not provide a cumulatively considerable contribution to the cumulative impact of 
climate change. 
 
 

3 COMMUNITY RISK AND HAZARD THRESHOLDS 

To address community risk from air toxics, the Air District initiated the Community Air 
Risk Evaluation (CARE) program in 2004 to identify locations with high levels of risk 
from ambient toxic air contaminants (TAC) co-located with sensitive populations and use 
the information to help focus mitigation measures. Through the CARE program, the Air 
District developed an inventory of TAC emissions for 2005 and compiled demographic 
and heath indicator data.  According to the findings of the CARE Program, diesel PM—
mostly from on and off-road mobile sources—accounts for over 80 percent of the 
inhalation cancer risk from TACs in the Bay Area (BAAQMD 2006).  

The Air District applied a regional air quality model using the 2005 emission inventory 
data to estimate excess cancer risk from ambient concentrations of important TAC 
species, including diesel PM, 1,3-butadiene, benzene, formaldehyde and acetaldehyde.  
The highest cancer risk levels from ambient TAC in the Bay Area tend to occur in the 
core urban areas, along major roadways and adjacent to freeways and port activity. 
Cancer risks in areas along these major freeways are estimated to range from 200 to over 
500 excess cases in a million for a lifetime of exposure. Priority  communities within the 
Bay Area – defined as having higher emitting sources, highest air concentrations, and 
nearby low income and sensitive populations – include the urban core areas of Concord, 
eastern San Francisco, western Alameda County, Redwood City/East Palo Alto, 
Richmond/San Pablo, and San Jose. 

Fifty percent of BAAQMD’s population was estimated to have an ambient background 
inhalation cancer risk of less than 500 cases in one million, based on emission levels in 
2005. Table 8 presents a summary of percentages of the population exposed to varying 
levels of cancer risk from ambient TACs. Approximately two percent of the SFBAAB 
population is exposed to background risk levels of less than 200 excess cases in one 
million. This is in contrast to the upper percentile ranges where eight percent of the 
SFBAAB population is exposed to background risk levels of greater than 1,000 excess 
cases per one million. To identify and reduce risks from TAC, this chapter presents 
thresholds of significance for both cancer risk and non-cancer health hazards. 
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Table 8 – Statistical Summary of Estimated Population-Weighted Ambient Cancer Risk in 2005 

Percentage of Population 
(Percent below level of ambient risk) 

Ambient Cancer Risk  
(inhalation cancer cases in one million) 

92 1,000 

90 900 

83 800 

77 700 

63 600 

50 500 

32 400 

13 300 

2 200 

<1 100 

Source: Data compiled by EDAW 2009.  

 
Many scientific studies have linked fine particulate matter and traffic-related air pollution 
to respiratory illness (Hiltermann et al. 1997, Schikowski et al 2005, Vineis et al. 2007) 
and premature mortality (Dockery 1993, Pope et al. 1995, Jerrett et al. 2005). Traffic-
related air pollution is a complex mix of chemical compounds (Schauer et al. 2006), often 
spatially correlated with other stressors, such as noise and poverty (Wheeler and Ben-
Shlomo 2005). While such correlations can be difficult to disentangle, strong evidence 
for adverse health effects of fine particulate matter (PM2.5) has been developed for 
regulatory applications in a recent consensus-based study by the California Air Resources 
Board. This study found that a 10 percent increase in PM2.5 concentrations increased the 
non-injury death rate by 10 percent (ARB 2008).  

Public Health Officers for four counties in the San Francisco Bay Area in 2009 provided 
testimony to the Air District’s Advisory Council (February 11, 2009, Advisory Council 
Meeting on Air Quality and Public Health). Among the recommendations made, was that 
PM2.5, in addition to TACs, be considered in assessments of community-scale impacts of 
air pollution. In consideration of the scientific studies and recommendations by the Bay 
Area Health Directors, it is apparent that, in addition to the significance thresholds for 
local-scale TAC, thresholds of significance are required for near-source, local-scale 
concentrations of PM2.5. 
 
3.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Proposed thresholds of significance and Board-requested options are presented in this 
section: 
 

• The Staff Proposal includes thresholds for cancer risk, non-cancer health 
hazards, and fine particulate matter. 
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• Board Option 1 includes tiered thresholds for new sources in impacted 
communities. Thresholds for receptors and cumulative impacts are the same as the 
Staff Proposal. 

• Board Option 2 removes the option for a qualified Community Risk Reduction 
Plan from the Staff Proposal. 

 

Proposal/Option Construction-Related Operational-Related 

Project-Level – Individual Project 

Risks and Hazards 
(Individual Project) 

 
Staff Proposal 

 
Same as Operational 

Thresholds* 
 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Source 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >5.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.2 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
Risks and Hazards 
(Individual Project) 

 
Board Option 1 

 
Tiered Thresholds 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Receptor 
All Other Areas: Siting a New Source or Receptor 

 
Compliance with Qualified Risk Reduction Plan 

OR 
Increased cancer risk of >10.0 in a million 

Increased  non-cancer risk of > 1.0 Hazard Index 
(Chronic or Acute) 

Ambient PM2.5 increase: > 0.3 µg/m3 annual 
average 

 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
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Proposal/Option Construction-Related Operational-Related 

Risks and Hazards 
(Individual Project) 

 
Board Option 2 

 
Quantitative 
Thresholds 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Accidental Release of 
Acutely Hazardous 

Air Pollutants 
None 

Storage or use of acutely hazardous materials 
locating near receptors or receptors locating near 

stored or used acutely hazardous materials 
considered significant 

Project-Level – Cumulative 

Risks and Hazards 
(Cumulative 
Thresholds) 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Cancer: > 100 in a million (from all local sources) 
Non-cancer: > 1.0 Hazard Index (from all local 

sources) (Chronic or Acute) 
PM2.5: 

> 0.8 µg/m3 annual average (from all local sources) 
 

Zone of Influence: 1,000-foot radius from fence 
line of source or receptor 

Plan-Level 

Plans None 

1. Overlay zones around existing and planned 
sources of TACs (including adopted Risk 
Reduction Plan areas) and odors. 

2. Overlay zones of at least 500 feet (or Air 
District-approved modeled distance) from all 
freeways and high volume roadways. 

Accidental Release of 
Acutely Hazardous 

Air Pollutants 
None None 

* Note: The Air District recommends that for construction projects that are less than one year duration, 
Lead Agencies should annualize impacts over the scope of actual days that peak impacts are to occur, 
rather than the full year. 
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3.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 
SUPPORTING THRESHOLDS 

The goal of the proposed thresholds is to ensure that no source creates, or receptor 
endures, a significant adverse impact from any individual project, and that the total of all 
nearby directly emitted risk and hazard emissions is also not significantly adverse. The 
thresholds for local risks and hazards from TAC and PM2.5 are intended to apply to all 
sources of emissions, including both permitted stationary sources and on- and off-road 
mobile sources, such as sources related to construction, busy roadways, or freight 
movement. 

Thresholds for an individual new source are designed to ensure that the source does not 
contribute a cumulatively significant impact. Cumulative thresholds for sources recognize 
that some areas are already near or at levels of significant impact. If within such an area 
there are receptors, or it can reasonably be foreseen that there will be receptors, then a 
cumulative significance threshold sets a level beyond which any additional risk is 
significant.  

For new receptors – sensitive populations or the general public – thresholds of 
significance are designed to identify levels of contributed risk or hazards from existing 
local sources that pose a significant risk to the receptors. Single-source thresholds for 
receptors are provided to recognize that within the area defined there can be variations in 
risk levels that may be significant. Single-source thresholds assist in the identification of 
significant risks, hazards, or concentrations in a subarea, within the area defined by the 
selected radius. Cumulative thresholds for receptors are designed to account for the 
effects of all sources within the defined area.  

Cumulative thresholds, for both sources and receptors, must consider the size of the 
source area, defined by a radius from the proposed project. To determine cumulative 
impacts from a prescribed zone of influence requires the use of modeling. The larger the 
radius, the greater the number of sources considered that may contribute to the modeled 
risk and, until the radius approaches a regional length scale, the greater the expected 
modeled risk increment. If the area of impact considered were grown to the scale of a 
city, the modeled risk increment would approach the risk level present in the ambient air.  
 
3.3.1 SCIENTIFIC AND REGULATORY JUSTIFICATION 

Regulatory Framework for TACs 

Prior to 1990, the Clean Air Act required EPA to list air toxics it deemed hazardous and 
to establish control standards which would restrict concentrations of hazardous air 
pollutants (HAP) to a level that would prevent any adverse effects “with an ample margin 
of safety.” By 1990, EPA had regulated only seven such pollutants and it was widely 
acknowledged by that time that the original Clean Air Act had failed to address toxic air 
emissions in any meaningful way. As a result, Congress changed the focus of regulation 
in 1990 from a risk-based approach to technology-based standards. Title III, Section 
112(b) of the 1990 Clean Air Act Amendment established this new regulatory approach. 
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Under this framework, prescribed pollution control technologies based upon maximum 
achievable control technology (MACT) were installed without the a priori estimation of 
the health or environmental risk associated with each individual source. The law listed 
188 HAPs that would be subject to the MACT standards. EPA issued 53 standards for 89 
different types of major industrial sources of air toxics and eight categories of smaller 
sources such as dry cleaners. These requirements took effect between 1996 and 2002.  
Under the federal Title V Air Operating Permit Program, a facility with the potential to 
emit 10 tons of any toxic air pollutant, or 25 tons per year of any combination of toxic air 
pollutants, is defined as a major source HAPs. Title V permits include requirements for 
these facilities to limit toxic air pollutant emissions. 
 
Several state and local agencies adopted programs to address gaps in EPA’s program 
prior to the overhaul of the national program in 1990. California's program to reduce 
exposure to air toxics was established in 1983 by the Toxic Air Contaminant 
Identification and Control Act (AB 1807, Tanner 1983) and the Air Toxics "Hot Spots" 
Information and Assessment Act (AB 2588, Connelly 1987). Under AB 1807, ARB and 
the Office of Environmental Health Hazard Assessment (OEHHA) determines if a 
substance should be formally identified as a toxic air contaminant (TAC) in California. 
OEHHA also establishes associated risk factors and safe concentrations of exposure. 

AB 1807 was amended in 1993 by AB 2728, which required ARB to identify the 189 
federal hazardous air pollutants as TACs. AB 2588 (Connelly, 1987) supplements the AB 
1807 program, by requiring a statewide air toxics inventory, notification of people 
exposed to a significant health risk, and facility plans to reduce these risks. In September 
1992, the "Hot Spots" Act was amended by Senate Bill 1731 which required facilities 
that pose a significant health risk to the community to reduce their risk through a risk 
management plan. 

Cancer Risk 

Cancer risk from TACs is typically expressed in numbers of excess cancer cases per 
million persons exposed over a defined period of exposure, for example, over an assumed 
70 year lifetime. The Air District is not aware of any agency that has established an 
acceptable level of cancer risk for TACs. However, a range of what constitutes a 
significant increment of cancer risk from any compound has been established by the U.S. 
EPA. EPA’s guidance for conducting air toxics analyses and making risk management 
decisions at the facility- and community-scale level considers a range of acceptable 
cancer risks from one in a million to one in ten thousand (100 in a million). The guidance 
considers an acceptable range of cancer risk increments to be from one in a million to one 
in ten thousand. In protecting public health with an ample margin of safety, EPA strives 
to provide maximum feasible protection against risks to health from HAPs by limiting 
additional risk to a level no higher than the one in ten thousand estimated risk that a 
person living near a source would be exposed to at the maximum pollutant concentrations 
for 70 years. This goal is described in the preamble to the benzene National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) rulemaking (54 Federal Register 
38044, September 14, 1989) and is incorporated by Congress for EPA’s residual risk 
program under Clean Air Act section 112(f).  
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Regulation 2, Rule 5 of the Air District specifies permit requirements for new and 
modified stationary sources of TAC. The Project Risk Requirement (2-5-302.1) states 
that the Air Pollution Control Officer shall deny an Authority to Construct or Permit to 
Operate for any new or modified source of TACs if the project cancer risk exceeds 10.0 
in one million. 

Hazard Index for Non-cancer Health Effects 

Non-cancer health hazards for chronic and acute diseases are expressed in terms of a 
hazard index (HI), a ratio of TAC concentration to a reference exposure level (REL), 
below which no adverse health effects are expected, even for sensitive individuals. As 
such, OEHHA has defined acceptable concentration levels, and also significant 
concentration increments, for compounds that pose non-cancer health hazards. If the HI 
for a compound is less than one, non-cancer chronic and acute health impacts have been 
determined to be less than significant. 

State and Federal Ambient Air Quality Standards for PM2.5  

The Children’s Environmental Health Protection Act (Senate Bill 25), passed by the 
California state legislature in 1999, requires ARB, in consultation with OEHHA, to 
“review all existing health-based ambient air quality standards to determine whether, 
based on public health, scientific literature and exposure pattern data, these standards 
adequately protect the public, including infants and children, with an adequate margin of 
safety.” As a result of the review requirement, in 2002 ARB adopted an annual average 
California Ambient Air Quality Standard (CAAQS) for PM2.5 of 12 ug/m3 that is not to 
be exceeded (California Code of Regulations, Title 17 § 70200, Table of Standards.) The 
National Ambient Air Quality Standard (NAAQS) established an annual standard for 
PM2.5 (15 ug/m3) that is less stringent that the CAAQS, but also set a 24-hour average 
standard (35 ug/m3), which is not included in the CAAQS (Code of Federal Regulations, 
Title 40, Part 50.7). 

Significant Impact Levels for PM2.5 

EPA recently proposed and documented alternative options for PM2.5 Significant Impact 
Levels (SILs) (Federal Register 40 CFR Parts 51 and 52, September 21, 2007). The EPA 
is proposing to facilitate implementation of a PM2.5 Prevention of Significant 
Deterioration (PSD) program in areas attaining the PM2.5 NAAQS by developing PM2.5 
increments, or SILs. These “increments” are maximum increases in ambient PM2.5 
concentrations (PM2.5 increments) allowed in an area above the baseline concentration.  

The SIL is a threshold that would be applied to individual facilities that apply for a permit 
to emit a regulated pollutant in an area that meets the NAAQS. The State and EPA must 
determine if emissions from that facility will cause the air quality to worsen. If an 
individual facility projects an increase in emissions that result in ambient impacts greater 
than the established SIL, the permit applicant would be required to perform additional 
analyses to determine if those impacts will be more than the amount of the PSD 
increment. This analysis would combine the impact of the proposed facility when added 
to all other sources in the area. 
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The EPA is proposing such values for PM2.5 that will be used as screening tools by a 
major source subject to PSD to determine the subsequent level of analysis and data 
gathering required for a PSD permit application for emissions of PM2.5. The SIL is one 
element of the EPA program to prevent deterioration in regional air quality and is utilized 
in the new source review (NSR) process. New source review is required under Section 
165 of the Clean Air Act, whereby a permit applicant must demonstrate that emissions 
from the proposed construction and operation of a facility “will not cause, or contribute 
to, air pollution in excess of any maximum allowable increase or maximum allowable 
concentration for any pollutant.” The purpose of the SIL is to provide a screening level 
that triggers further analysis in the permit application process.  

For the purpose of NSR, SILs are set for three types of areas: Class I areas where 
especially clean air is most desirable, including national parks and wilderness areas; 
Class II areas where there is not expected to be substantial industrial growth; and Class 
III areas where the highest relative level of industrial development is expected. In Class II 
and Class III areas, a PM2.5 concentration of 0.3, 0.8, and 1 µg/m3 has been proposed as a 
SIL. To arrive at the SIL PM2.5 option of 0.8 μg/m3 , EPA scaled an established PM10 SILs of 
1.0 μg/m3 by the ratio of emissions of PM2.5 to PM10 using the EPA’s 1999 National 
Emissions Inventory. To arrive at the SIL option of 0.3 μg/m3, EPA scaled the PM10 SIL of 
1.0 μg/m3 by the ratio of the current Federal ambient air quality standards for PM2.5 and PM10 
(15/50).

 
These options represent what EPA currently considers as a range of appropriate SIL 

values. 

EPA interprets the SIL to be the level of PM2.5 increment that represents a “significant 
contribution” to regional non-attainment. While SIL options were not designed to be 
thresholds for assessing community risk and hazards, they are being considered to protect 
public health at a regional level by helping an area maintain the NAAQS. Furthermore, 
since it is the goal of the Air District to achieve and maintain the NAAQS and CAAQS at 
both regional and local scales, the SILs may be reasonably be considered as thresholds of 
significance under CEQA for local-scale increments of PM2.5. 

Roadway Proximity Health Studies 

Several medical research studies have linked near-road pollution exposure to a variety of 
adverse health outcomes impacting children and adults. Kleinman et al. (2007) studied 
the potential of roadway particles to aggravate allergic and immune responses in mice. 
Using mice that were not inherently susceptible, the researchers placed these mice at 
various distances downwind of State Road 60 and Interstate 5 freeways in Los Angeles to 
test the effect these roadway particles have on their immune system. They found that 
within five meters of the roadway, there was a significant allergic response and elevated 
production of specific antibodies. At 150 meters (492 feet) and 500 meters (1,640 feet) 
downwind of the roadway, these effects were not statistically significant. 
 
Another significant study (Ven Hee et al. 2009) conducted a survey involving 3,827 
participants that aimed to determine the effect of residential traffic exposure on two 
preclinical indicators of heart failure; left ventricular mass index (LVMI), measured by 
the cardiac magnetic resonance imaging (MRI), and ejection fraction. The studies 
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classified participants based on the distance between their residence and the nearest 
interstate highway, state or local highway, or major arterial road. Four distance groups 
were defined: less than 50 meters (165 feet), 50-100 meters, 101-150 meters, and greater 
than 150 meters. After adjusting for demographics, behavioral, and clinical covariates, 
the study found that living within 50 meters of a major roadway was associated with a 1.4 
g/m2 higher LVMI than living more than 150 meters from one. This suggests an 
association between traffic-related air pollution and increased prevalence of a preclinical 
predictor of heart failure among people living near roadways. 
 
To quantify the roadway concentrations of PM2.5 that contributed to the health impacts 
reported by Kleinman et al (2007), the Air District modeled the emissions and associated 
particulate matter concentrations for the roadways studied. To perform the modeling, 
emissions were estimated for Los Angeles using the EMFAC model and annual average 
vehicle traffic data taken from Caltrans was used in the roadway model (CAL3QHCR) to 
estimate the downwind PM2.5 concentrations at 50 meters and 150 meters. Additionally, 
emissions were assumed to occur from 10:00 a.m. to 2:00 p.m. corresponding to the time 
in which the mice were exposed during the study. The results of the modeling indicate 
that at 150 meters, where no significant health effects were found, the downwind 
concentration of PM2.5 was 0.78 µg/m3, consistent with the proposed EPA SIL option of 
0.8 µg/m3. 

Concentration-Response Function for PM2.5  

In a recent report, ARB reevaluated the relative risk of premature death associated with 
PM2.5 exposure based on a review of all relevant scientific literature available, and a new 
relative risk factor was developed (ARB 2008). This consensus-based review found that a 
10 µg/m3 increase in PM2.5 concentrations increased the risk of premature death by 10 
percent (uncertainty interval: 3 percent to 20 percent) and provides a basis for 
determining the risk increment from an increase in PM2.5 concentration. Twelve experts 
participated in the study to review the literature and develop the concentration response 
function. The experts were selected through a two-part peer nomination process, designed 
to obtain a balanced set of views and included experts in epidemiology, toxicology, and 
medicine.  

The methodologies and results presented in this report were endorsed by scientific 
advisors from Harvard University, OEHHA, and Brigham Young University. The report 
underwent an external peer review by experts selected through an independent process 
involving the University of California at Berkeley, Institute of the Environment. The 
results of the peer review process were incorporated into the report. Subsequent to the 
peer review, Schwartz et al. (2008) examined the linearity of the concentration-response 
function of PM2.5-mortality and showed that the response function is in agreement with 
Laden et al. (2006) and, moreover, found that this response function was linear down to 
background levels. 

San Francisco Ordinance on Roadway Proximity Health Effects 

In 2008, the City and County of San Francisco adopted an ordinance (San Francisco 
Health Code, Article 38 - Air Quality Assessment and Ventilation Requirement for Urban 
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Infill Residential Development, Ord. 281-08, File No. 080934, December 5, 2008) 
requiring that public agencies in San Francisco take regulatory action to prevent future air 
quality health impacts from new sensitive uses proposed near busy roadways (SFDPH 
2008). The regulation requires that developers screen sensitive use projects for proximity 
to traffic and calculate the concentration of PM2.5 from traffic sources where traffic 
volumes suggest a potential hazard. If modeled levels of traffic-attributable PM2.5 at a 
project site exceed an action level (currently set at 0.2 µg/m3) developers would be 
required to incorporate ventilation systems to remove 80 percent of PM2.5 from outdoor 
air. The regulation does not place any requirements on proposed sensitive uses if modeled 
air pollutant levels fall below the action threshold. This ordinance only considers impacts 
from on-road motor vehicles, not impacts related to construction equipment or stationary 
sources. 

A report with supporting documentation for the ordinance (SFPHD 2008) provided a 
threshold to trigger action or mitigation of 0.2 µg/m3 of PM2.5

 annual average exposure 
from roadway vehicles within a 150 meter (492 feet) maximum radius of a sensitive 
receptor. The report applied the concentration-response function from Jerrett et al. (2005) 
that attributed 14 percent increase in mortality to a 10 µg/m3 increase in PM2.5 to estimate 
an increase in non-injury mortality in San Francisco of about 21 excess deaths per year 
from a 0.2 µg/m3 increment of annual average PM2.5.  

Distance for Significant Impact 

The distance used for the radius around the project boundary should reflect the zone or 
area over which sources may have a significant influence. For cumulative thresholds, for 
both sources and receptors, this distance also determines the size of the source area, 
defined. To determine cumulative impacts from a prescribed zone of influence requires 
the use of modeling. The larger the radius, the greater the number of sources considered 
that may contribute to the risk and the greater the expected modeled risk increment. If the 
area of impact considered were grown to approach the scale of a city, the modeled risk 
increment would approach the risk level present in the ambient air. 

A summary of research findings in ARB’s Land Use Compatibility Handbook (ARB 
2005) indicates that traffic-related pollutants were higher than regional levels within 
approximately 1,000 feet downwind and that differences in health-related effects (such as 
asthma, bronchitis, reduced lung function, and increased medical visits) could be 
attributed in part to the proximity to heavy vehicle and truck traffic within 300 to 1,000 
feet of receptors. In the same summary report, ARB recommended avoiding siting 
sensitive land uses within 1,000 feet of a distribution center and major rail yard, which 
supports the use of a 1,000 feet evaluation distance in case such sources may be relevant 
to a particular project setting. A 1,000 foot zone of influence is also supported by Health 
& Safety Code §42301.6 (Notice for Possible Source Near School). 

Some studies have shown that the concentrations of particulate matter tend to be reduced 
substantially or can even be indistinguishable from upwind background concentrations at 
a distance 1,000 feet downwind from sources such as freeways or large distribution 
centers. Zhu et al. (2002) conducted a systematic ultrafine particle study near Interstate 
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710, one of the busiest freeways in the Los Angeles Basin.  Particle number concentration 
and size distribution were measured as a function of distances upwind and downwind of 
the I-710 freeway.  Approximately 25 percent of the 12,180 vehicles per hour are heavy 
duty diesel trucks based on video counts conducted as part of the research. Measurements 
were taken at 13 feet, 23 feet, 55 feet, 252 feet, 449 feet, and 941 feet downwind and 613 
feet upwind from the edge of the freeway. The particle number and supporting 
measurements of carbon monoxide and black carbon decreased exponentially and all 
constituents simultaneously tracked with each other as one moves away from the 
freeway. Ultrafine particle size distribution changed markedly and its number 
concentrations dropped dramatically with increasing distance. The study found that 
ultrafine particle concentrations measured 941 feet downwind of I-710 were 
indistinguishable from the upwind background concentration.  

Impacted Communities 

Starting in 2006, the Air District’s CARE program developed gridded TAC emissions 
inventories and compiled demographic information that were used to identify 
communities that were particularly impacted by toxic air pollution for the purposes of 
distributing grant and incentive funding. In 2009, the District completed regional 
modeling of TAC on a one kilometer by one kilometer grid system. This modeling was 
used to estimate cancer risk and TAC population exposures for the entire District. The 
information derived from the modeling was then used to update and refine the 
identification of impacted communities. One kilometer modeling yielded estimates of 
annual concentrations of five key compounds – diesel particulate matter, benzene, 1,3-
butadiene, formaldehyde, and acetaldehyde – for year 2005. These concentrations were 
multiplied by their respective unit cancer risk factors, as established by OEHHA, to 
estimate the expected excess cancer risk per million people from these compounds.  

Sensitive populations from the 2000 U.S. Census database were identified as youth 
(under 18) and seniors (over 64) and mapped to the same one kilometer grid used for the 
toxics modeling. Excess cancers from TAC exposure were determined by multiplying 
these sensitive populations by the model-estimated excess risk to establish a data set 
representing sensitive populations with high TAC exposures. TAC emissions (year 2005) 
were mapped to the one kilometer grid and also scaled by their unit cancer risk factor to 
provide a data set representing source regions for TAC emissions. Block-group level 
household income data from the U.S. Census database were used to identify block groups 
with family incomes where more than 40 percent of the population was below 185 
percent of the federal poverty level (FPL). Poverty-level polygons that intersect high (top 
50 percent) exposure cells and are within one grid cell of a high emissions cell (top 25 
percent) were used to identify impacted areas. Boundaries were constructed along major 
roads or highways that encompass nearby high emission cells and low income areas. This 
method identified the following six areas as priority communities: (1) portions of the City 
of Concord; (2) Western Contra Costa County (including portions of the Cities of 
Richmond and San Pablo); (3) Western Alameda County along the Interstate-880 
corridor (including portions of the Cities of Berkeley, Oakland, San Leandro, San 
Lorenzo, Hayward; (4) Portions of the City of San Jose. (5) Eastern San Mateo County 



Bay Area AQMD Proposed Air Quality CEQA Thresholds of Significance 
December 7, 2009 

 
 

 
41 

(including portions of the Cities of Redwood City and East Palo Alto); and (6) Eastern 
portions of the City of San Francisco. 
 
3.3.2 CONSTRUCTION, LAND USE AND STATIONARY SOURCE RISK AND 

HAZARD THRESHOLDS  

The proposed options for local risk and hazards thresholds of significance are based on 
U.S. EPA guidance for conducting air toxics analyses and making risk management 
decisions at the facility and community-scale level. The thresholds consider reviews of 
recent health effects studies that link increased concentrations of fine particulate matter to 
increased mortality. The proposed thresholds would apply to both siting new sources and 
siting new receptors.   

For new sources of TACs, thresholds of significance for a single source are designed to 
ensure that emissions do not raise the risk of cancer or non-cancer health impacts to 
cumulatively significant levels. For new sources of PM2.5, thresholds are designed to 
ensure that PM2.5 concentrations are maintained below state and federal standards in all 
areas where sensitive receptors or members of the general public live or may foreseeably 
live, even if at the local- or community-scale where sources of TACs and PM may be 
nearby. 

Project Radius for Assessing Impacts 

For a project proposing a new source or receptor it is recommended to assess impacts 
within 1,000 feet, taking into account both its individual and nearby cumulative sources 
(i.e. proposed project plus existing and foreseeable future projects). Cumulative sources 
are the combined total risk values of each individual source within the 1,000-foot 
evaluation zone. A lead agency should enlarge the 1,000-foot radius on a case-by-case 
basis if an unusually large source or sources of risk or hazard emissions that may affect a 
proposed project is beyond the recommended radius.  

The 1,000 foot radius is consistent with findings in ARB’s Land Use Compatibility 
Handbook (ARB 2005), the Health & Safety Code §42301.6 (Notice for Possible Source 
Near School), and studies such as that of Zhu et al (2002) which found that 
concentrations of particulate matter tend to be reduced substantially at a distance 1,000 
feet downwind from sources such as freeways or large distribution centers. 

Qualified Community Risk Reduction Plan 

Within the framework of these thresholds, proposed projects would be considered to be 
less than significant if they are consistent with a qualified Community Risk Reduction 
Plan (CRRP) adopted by the local jurisdiction with enforceable measures to reduce the 
community risk. Board Option 2 does not include the CCRP as a significance threshold. 

Project proposed in areas where a CRRP has been adopted that are not consistent with the 
CRRP would be considered to have a significant impact. 
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Projects proposed in areas where a CRRP has not been adopted and that have the 
potential to expose sensitive receptors or the general public to emissions-related risk in 
excess of the thresholds below from any source would be considered to have a significant 
air quality impact.  

The conclusion that land use projects that comply with qualified Community Risk 
Reduction Plans are less than significant is supported by CEQA Guidelines Sections 
15030(a)(3) and 15064(h)(3), which provides that a project’s contribution to a cumulative 
problem can be less that cumulatively considerable if the project is required to implement 
or fund its fair share of a mitigation measure or measures designed to alleviate the 
cumulative impact. 

Increased Cancer Risk to Maximally Exposed Individual (MEI) 

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of carcinogenic TACs from any source 
result in an increased cancer risk greater than 10.0 in one million, assuming a 70 year 
lifetime exposure. Under Board Option 1, within Impacted Communities as defined 
through the CARE program, the significance level for cancer would be reduced to 5.0 in 
one million for new sources.  

The 10.0 in one million cancer risk threshold for a single source is supported by EPA’s 
guidance for conducting air toxics analyses and making risk management decisions at the 
facility and community-scale level. It is also the level set by the Project Risk 
Requirement in the Air District’s Regulation 2, Rule 5 new and modified stationary 
sources of TAC, which states that the Air Pollution Control Officer shall deny an 
Authority to Construct or Permit to Operate for any new or modified source of TACs if 
the project risk exceeds a cancer risk of 10.0 in one million. 

This threshold for an individual new source is designed to ensure that the source does not 
contribute a cumulatively significant impact. The justification for the Board Option 1 
threshold of 5.0 in one million for new sources in an impacted community is that in these 
areas the cancer risk burden is higher than in other parts of the Bay Area; the threshold at 
which an individual source becomes significant is lower for an area that is already at or 
near unhealthy levels. However, even without a tiered approach, the recommended 
thresholds already address the burden of impacted communities via the cumulative 
thresholds: specifically, if an area has many existing TAC sources near receptors, then 
the cumulative threshold will be reached sooner than it would in another area with fewer 
TAC sources. 

The single-source threshold for receptors is provided to address the possibility that within 
the area defined by the 1,000 foot radius there can be variations in risk levels that may be 
significant, below the corresponding cumulative threshold. Single-source thresholds 
assist in the identification of significant risks, hazards, or concentrations in a subarea, 
within the 1,000 foot radius. 
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Increased Non-Cancer Risk to MEI  

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of non-carcinogenic TACs result in an 
increased chronic or acute Hazard Index (HI) from any source greater than 1.0. This 
threshold is unchanged under Board Option 1. 

A HI less than 1.0 represents a TAC concentration, as determined by OEHHA that is at a 
health protective level. While some TACs pose non-carcinogenic, chronic and acute 
health hazards, if the TAC concentrations result in a HI less than one, those 
concentrations have been determined to be less than significant. 

Increased Ambient Concentration of PM2.5  

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of PM2.5 from any source would result in 
an average annual increase greater than 0.3 µg/m3. Under Board Option 1, within 
Impacted Communities as defined through the CARE program, the significance level for 
a PM2.5 increment is 0.2 µg/m3. 
 
If one applies the concentration-response function from the ARB consensus review (ARB 
2008) and attribute a 10 percent increase in mortality to a 10 µg/m3 increase in PM2.5, one 
finds an increase in non-injury mortality in the Bay Area of about 20 excess deaths per 
year from a 0.3 µg/m3 increment of PM2.5. This is consistent with the impacts reported 
and considered significant by SFDPH (2008) using an earlier study (Jerrett et al. 2005) to 
estimate the increase in mortality from a 0.2 µg/m3 PM2.5 increment.  

The SFDPH recommended a lower threshold of significance for multiple sources but only 
considered roadway emissions within a 492 foot radius. This recommendation applies to 
a single source but considers all types of emissions within 1,000 feet. On balance, the Air 
District estimates that the SFDPH threshold and this proposed one, in combination with 
the cumulative threshold for PM2.5, will afford similar levels of health protection. 

The proposed PM2.5 threshold represents the lower range of an EPA proposed Significant 
Impact Level (SIL). EPA interprets the SIL to be the level of ambient impact that is 
considered to represent a “significant contribution” to regional non-attainment. While this 
threshold was not designed to be a threshold for assessing community risk and hazards, it 
was designed to protect public health at a regional level by helping an area maintain the 
NAAQS. Since achieving and maintaining state and federal AAQS is a reasonable goal at 
the local scale, the SIL provides a useful reference for comparison. 
 
This threshold for an individual new source is designed to ensure that the source does not 
contribute a cumulatively significant impact. The justification for the Board Option 1 
threshold of 0.2 µg/m3 for new sources in an impacted community is that these areas have 
higher levels of diesel particulate matter than do other parts of the Bay Area; the 
threshold at which an individual source becomes significant is lower for an area that is 
already at or near unhealthy levels. However, even without a tiered approach, the 
recommended thresholds already address the burden of impacted communities via the 
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cumulative thresholds: specifically, if an area has many existing PM2.5 sources near 
receptors, then the cumulative threshold will be reached sooner than it would in another 
area with fewer PM2.5 sources. 

The single-source threshold for receptors is provided to address the possibility that within 
the area defined by the 1,000 foot radius there can be variations in risk levels that may be 
significant, below the corresponding cumulative threshold. Single-source thresholds 
assist in the identification of significant risks, hazards, or concentrations in a subarea, 
within the 1,000 foot radius. 
 
3.3.2.1 ACCIDENTAL RELEASE OF ACUTELY HAZARDOUS AIR EMISSIONS 

The BAAQMD currently recommends, at a minimum, that the lead agency, in 
consultation with the administering agency of the Risk Management Prevention Program 
(RMPP), find that any project resulting in receptors being within the Emergency 
Response Planning Guidelines (ERPG) exposure level 2 for a facility has a significant air 
quality impact. ERPG exposure level 2 is defined as "the maximum airborne 
concentration below which it is believed that nearly all individuals could be exposed for 
up to one hour without experiencing or developing irreversible or other serious health 
effects or symptoms which could impair an individual's ability to take protective action." 

Staff proposes continuing with the current threshold for the accidental release of 
hazardous air pollutants. Staff recommends that agencies consult with the California 
Emergency Management Agency for the most recent guidelines and regulations for the 
storage of hazardous materials. Staff proposes that projects using or storing acutely 
hazardous materials locating near existing receptors, and projects resulting in receptors 
locating near facilities using or storing acutely hazardous materials be considered 
significant. 

The current Accidental Release/Hazardous Air Emissions threshold of significance could 
affect all projects, regardless of size, and require mitigation for Accidental 
Release/Hazardous Air Emissions impacts. 
 
3.3.3 CUMULATIVE RISK AND HAZARD THRESHOLDS 

Qualified Community Risk Reduction Plan 

Proposed projects would be considered to be less than significant if they are consistent 
with a qualified Community Risk Reduction Plan (CRRP) adopted by the local 
jurisdiction with enforceable measures to reduce the community risk.  Board Option 2 
does not include the CCRP as a significance threshold. 

Project proposed in areas where a CRRP has been adopted that are not consistent with the 
CRRP would be considered to have a significant impact. 

Projects proposed in areas where a CRRP has not been adopted and that have the 
potential to expose sensitive receptors or the general public to emissions-related risk in 
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excess of the following thresholds from the aggregate of cumulative sources would be 
considered to have a significant air quality impact.  

The conclusion that land use projects that comply with qualified Community Risk 
Reduction Plans are less than significant is supported by CEQA Guidelines Sections 
15030(a)(3) and 15064(h)(3), which provides that a project’s contribution to a cumulative 
problem can be less that cumulatively considerable if the project is required to implement 
or fund its fair share of a mitigation measure or measures designed to alleviate the 
cumulative impact. 

Increased Cancer Risk to Maximally Exposed Individual (MEI) 

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of carcinogenic TACs from any source 
result in an increased cancer risk greater than 100.0 in one million.  

The significance threshold of 100 in a million increased excess cancer risk would be 
applied to the cumulative emissions. The 100 in a million threshold is based on EPA 
guidance for conducting air toxics analyses and making risk management decisions at the 
facility and community-scale level. In protecting public health with an ample margin of 
safety, EPA strives to provide maximum feasible protection against risks to health from 
hazardous air pollutants (HAPs) by limiting risk to a level no higher than the one in ten 
thousand (100 in a million) estimated risk that a person living near a source would be 
exposed to at the maximum pollutant concentrations for 70 years (NESHAP 54 Federal 
Register 38044, September 14, 1989; CAA section 112(f)). One hundred in a million 
excess cancer cases is also consistent with the ambient cancer risk in the most pristine 
portions of the Bay Area based on the District’s recent regional modeling analysis. 

Increased Non-Cancer Risk to MEI 

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of non-carcinogenic TACs result in an 
increased chronic or acute Hazard Index from any source greater than 1.0.  

OEHHA has defined acceptable concentration levels for compounds that pose non-cancer 
health hazards. If the HI for a compound is less than one, non-cancer chronic and acute 
health impacts have been determined to be less than significant. 

Increased Ambient Concentration ofPM2.5 

Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of PM2.5 from any source would result in 
an average annual increase greater than 0.8 µg/m3. 

If one applies the concentration-response function from the ARB consensus review (ARB 
2008) and attributes a 10 percent increase in mortality to a 10 µg/m3 increase in PM2.5, 
one finds an increase in non-injury mortality in the Bay Area of about 50 excess deaths 
per year from a 0.8 µg/m3 increment of PM2.5. This is greater the impacts reported and 
considered significant by SFDPH (2008) using an earlier study (Jerrett et al. 2005) to 
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estimate the increase in mortality from a 0.2 µg/m3 PM2.5 increment (SFDPH reported 21 
excess deaths per year). However, SFDPH only considered roadway emissions within a 
492 foot radius. This proposed threshold applies to all types of emissions within 1,000 
feet. In modeling applications for proposed projects, a larger radius results in a greater 
number of sources considered and higher modeled concentrations. On balance, the Air 
District estimates that the SFDPH threshold and this proposed one, in combination with 
the individual source threshold for PM2.5, will afford similar levels of health protection. 

The proposed cumulative PM2.5 threshold represents the middle range of an EPA 
proposed Significant Impact Level (SIL).  EPA interprets the SIL to be the level of 
ambient impact that is considered to represent a “significant contribution” to regional 
non-attainment. While this threshold was not designed to be a threshold for assessing 
community risk and hazards, it was designed to protect public health at a regional level 
by helping an area maintain the NAAQS. Since achieving and maintaining state and 
federal AAQS is a reasonable goal at the local scale, the SIL provides a useful reference 
for comparison. Furthermore, the 0.8 µg/m3 threshold is consistent with studies 
(Kleinman et al 2007) that examined the potential health impacts of roadway particles. 

3.3.4 PLAN-LEVEL RISK AND HAZARD THRESHOLDS 

Staff proposes plan-level thresholds that will encourage a programmatic approach to 
addressing the overall adverse conditions resulting from risks and hazards that many Bay 
Area communities experience. By designating overlay zones in land use plans, local land 
use jurisdictions can take preemptive action before project-level review to reduce the 
potential for significant exposures to risk and hazard emissions. While this will require 
more up-front work at the general plan level, in the long-run this approach is a more 
feasible approach consistent with Air District and CARB guidance about siting sources 
and sensitive receptors that is more effective than project by project consideration of 
effects that often has more limited mitigation opportunities. This approach would also 
promote more robust cumulative consideration of effects of both existing and future 
development for the plan-level CEQA analysis as well as subsequent project-level 
analysis. 
 
For local plans to have a less-than-significant impact with respect to potential risks and 
hazards, overlay zones would have to be established around existing and proposed land 
uses that would emit these air pollutants. Overlay zones to avoid risk impacts should be 
reflected in local plan policies, land use map(s), and implementing ordinances (e.g., 
zoning ordinance). The overlay zones around existing and future risk sources would be 
delineated using the quantitative approaches described above for project-level review and 
the resultant risk buffers would be included in the General Plan (or the EIR for the 
General Plan) to assist in site planning.  BAAQMD will provide guidance as to the 
methods used to establish the TAC buffers and what standards to be applied for 
acceptable exposure level in the updated CEQA Guidelines document. Special overlay 
zones of at least 500 feet (or an appropriate distance determined by modeling and 
approved by the Air District) on each side of all freeways and high volume roadways 
would be included in this proposed threshold. 
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The threshold of significance for plan impacts could affect all plan adoptions and 
amendments and require mitigation for a plan’s air quality impacts. Where sensitive 
receptors would be exposed above the acceptable exposure level, the plan impacts would 
be considered significant and mitigation would be required to be imposed either at the 
plan level (through policy) or at the project level (through project level requirements). 
 
3.3.5 COMMUNITY RISK REDUCTION PLANS 

The goal of a Community Risk Reduction Plan would be to bring TAC and PM2.5 
concentrations for the entire community covered by the Plan down to acceptable levels as 
identified by the local jurisdiction and approved by the Air District. This approach 
provides local agencies a proactive alternative to addressing communities with high 
levels of risk on a project-by-project approach. This approach is supported by CEQA 
Guidelines Section 15030(a)(3), which provides that a project’s contribution to a 
cumulative problem can be less than cumulatively considerable “if the project is required 
to implement or fund its fair share of a mitigation measure or measures designed to 
alleviate the cumulative impact.” This approach is also further supported by CEQA 
Guidelines Section 15064(h)(3), which provides that a project’s contribution to a 
cumulative effect is not considerable “if the project will comply with the requirements in 
a previously approved plan or mitigation program which provides specific requirements 
that will avoid or substantially lessen the cumulative problem.” 

Qualified Community Risk Reduction Plans 

A qualified Community Risk Reduction Plan adopted by a local jurisdiction should: 

► Include a defined CRRP planning area. 

► Include base year and future year emissions inventories of TACs and PM2.5. 

► Establish risk and exposure reduction targets for the community. 

► Identify measures to reduce emissions and exposures. 

► Include Air District–approved risk modeling. 

► Include procedures for monitoring and updating the TAC inventory, modeling and reduction 
measures, in coordination with Air District staff. 

► Include public participation processes to facilitate community input into goals and strategies. 
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4 CRITERIA POLLUTANT THRESHOLDS 

 
4.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

 
Project Construction 

Pollutant 
Average Daily 
(pounds/day) 

ROG (reactive organic gases) 54 
NOX (nitrogen oxides) 54 

PM10 (exhaust) (particulate matter-10 microns) 82 
PM2.5 (exhaust) (particulate matter-2.5 microns) 54 

PM10/PM2.5 (fugitive dust) Best Management Practices 
Local CO (carbon monoxide) None 

 
Project Operations 

Pollutant 
Average Daily 
(pounds/day) 

Maximum Annual  
(tons/year) 

ROG 54 10 
NOX  54 10 
PM10  82 15 
PM2.5  54 10 

Local CO 9.0 ppm (8-hour average), 20.0 ppm (1-hour average) 
 

Plans 

1. Consistency with Current Air Quality Plan control measures 
2. Projected VMT or vehicle trip increase is less than or equal to projected population 

increase 

 
 
4.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

4.3.1 PROJECT CONSTRUCTION CRITERIA POLLUTANT THRESHOLDS 

Staff proposes criteria pollutant construction thresholds that add significance criteria for 
exhaust emissions to the existing fugitive dust criteria employed by the Air District. 
While our current Guidelines considered construction exhaust emissions controlled by the 
overall air quality plan, the implementation of new and more stringent state and federal 
standards over the past ten years now warrants additional control of this source of 
emissions. 

The average daily criteria air pollutant and precursor emission levels shown above are 
recommended as the thresholds of significance for construction activity for exhaust 
emissions. These thresholds represent the levels above which a project’s individual 
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emissions would result in a considerable contribution (i.e., significant) to the SFBAAB’s 
existing non-attainment air quality conditions and thus establish a nexus to regional air 
quality impacts that satisfies CEQA requirements for evidence-based determinations of 
significant impacts. 

For fugitive dust emissions, staff recommends following the current best management 
practices approach which has been a pragmatic and effective approach to the control of 
fugitive dust emissions. Studies have demonstrated (Western Regional Air Partnership, 
U.S.EPA) that the application of best management practices at construction sites have 
significantly controlled fugitive dust emissions. Individual measures have been shown to 
reduce fugitive dust by anywhere from 30 percent to more than 90 percent. In the 
aggregate best management practices will substantially reduce fugitive dust emissions 
from construction sites. These studies support staff’s recommendation that projects 
implementing construction best management practices will reduce fugitive dust emissions 
to a less than significant level. 
 
4.3.2 PROJECT OPERATION CRITERIA POLLUTANT THRESHOLDS 

The proposed thresholds for project operations are the average daily and maximum 
annual criteria air pollutant and precursor levels shown above. These thresholds are based 
on the federal BAAQMD Offset Requirements to ozone precursors for which the 
SFBAAB is designated as a non-attainment area which is an appropriate approach to 
prevent further deterioration of ambient air quality and thus has nexus and proportionality 
to prevention of a regionally cumulative significant impact (e.g. worsened status of non-
attainment). Despite non-attainment area for state PM10 and pending nonattainment for 
federal PM2.5, the federal NSR Significant Emission Rate annual limits of 15 and 10 tons 
per year, respectively, are proposed thresholds as BAAQMD has not established an 
Offset Requirement limit for PM2.5 and the existing limit of 100 tons per year is much 
less stringent and would not be appropriate in light of our pending nonattainment 
designation for the federal 24-hour PM2.5 standard. These thresholds represent the 
emission levels above which a project’s individual emissions would result in a 
cumulatively considerable contribution to the SFBAAB’s existing air quality conditions.  
The thresholds would be an evaluation of the incremental contribution of a project to a 
significant cumulative impact. These threshold levels are well-established in terms of 
existing regulations as promoting review of emissions sources to prevent cumulative 
deterioration of air quality. Using existing environmental standards in this way to 
establish CEQA thresholds of significance under Guidelines section 15067.4 is an 
appropriate and effective means of promoting consistency in significance determinations 
and integrating CEQA environmental review activities with other areas of environmental 
regulation.  (See Communities for a Better Environment v. California Resources Agency 
(2002) 103 Cal. App. 4th 98, 111.4) 

                                                 
4 The Court of Appeal in the Communities for a Better Environment case held that existing regulatory 
standards could not be used as a definitive determination of whether a project would be significant under 
CEQA where there is substantial evidence to the contrary.  Staff’s proposed thresholds would not do that.  
The thresholds are levels at which a project’s emissions would normally be significant, but would not be 
binding on a lead agency if there is contrary evidence in the record.  
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4.3.3 LOCAL CARBON MONOXIDE THRESHOLDS 

The proposed carbon monoxide thresholds are based solely on ambient concentration 
limits set by the California Clean Air Act for Carbon Monoxide and Appendix G of the 
State of California CEQA Guidelines. 

Since the ambient air quality standards are health-based (i.e., protective of public health), 
there is substantial evidence (i.e., health studies that the standards are based on) in 
support of their use as CEQA significance thresholds. The use of the ambient standard 
would relate directly to the CEQA checklist question. By not using a proxy standard, 
there would be a definitive bright line about what is or is not a significant impact and that 
line would be set using a health-based level.  

The CAAQS of 20.0 ppm and 9 ppm for 1-hour and 8-hour CO, respectively, would be 
used as the thresholds of significance for localized concentrations of CO. Carbon 
monoxide is a directly emitted pollutant with primarily localized adverse effects when 
concentrations exceed the health based standards established by the California Air 
Resources Board (ARB).  

In addition, Appendix G of the State of California CEQA Guidelines includes the 
checklist question: Would the project violate any air quality standard or contribute 
substantially to an existing or projected air quality violation? Answering yes to this 
question would indicate that the project would result in a significant impact under CEQA. 
The use of the ambient standard would relate directly to this checklist question. 
 
4.3.4 PLAN-LEVEL CRITERIA POLLUTANT THRESHOLDS 

This proposed threshold achieves the same goals as the Air District’s current approach 
while alleviating the existing analytical difficulties and the inconsistency of comparing a 
plan update with AQP growth projections that may be up to several years old. 
Eliminating the analytical inconsistency provides better nexus and proportionality for 
evaluating air quality impacts for plans. 
 
Over the years staff has received comments on the difficulties inherent in the current 
approach regarding the consistency tests for population and VMT growth. First, the 
population growth estimates used in the most recent AQP can be up to several years older 
than growth estimates used in a recent plan update, creating an inconsistency in this 
analysis. Staff recommends that this test of consistency be eliminated because the Air 
District and local jurisdictions all use regional population growth estimates that are 
disaggregated to local cities and counties. In addition, the impact to air quality is not 
necessarily growth but where that growth is located. The second test, rate of increase in 
vehicle use compared to growth rate, will determine if planned growth will impact air 
quality. Compact infill development inherently has less vehicle travel and more transit 
opportunities than suburban sprawl. 
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Second, the consistency test of comparing the rate of increase in VMT to the rate of 
increase in population has been problematic at times for practitioners because VMT is not 
always available with the project analysis. Staff recommends that either the rate of 
increase in VMT or vehicle trips be compared to the rate of increase in population. Staff 
also recommends that the growth estimates used in this analysis be for the years covered 
by the plan. Staff also recommends that the growth estimates be obtained from the 
Association of Bay Area Governments since the Air District uses ABAG growth 
estimates for air quality planning purposes. 
 
 

5 ODOR THRESHOLDS 

5.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Project Operations – Source or Receptor Plans 
 
1. More than one confirmed complaint per 

year averaged over a three year period; or 
2. More than three unconfirmed 

complaints per year averaged over a 
three year period 

 

Identify (Overlay Zones) and include policies 
to reduce the impacts of existing or planned 

sources of odors 

 
 
5.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

Staff proposes continuing the current CEQA significance threshold for odors (based on 
complaint history). The current approach has proven adaptable to different projects and 
locations and thus continuation of the current approach with more qualitative guidance is 
considered an appropriate approach to CEQA evaluation. 
 
Odors are generally considered a nuisance, but can result in a public health concern. 
Some land uses that are needed to provide services to the population of an area can result 
in offensive odors, such as filling portable propane tanks or recycling center operations. 
When a proposed project includes the siting of sensitive receptors in proximity to an 
existing odor source, or when siting a new source of potential odors, the following 
qualitative evaluation should be performed.  

When determining whether potential for odor impacts exists, it is recommended that Lead 
Agencies consider the following factors and make a determination based on evidence in 
each qualitative analysis category: 

► Distance: Use the screening-level distances in Table 9. 
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► Wind Direction: Consider whether sensitive receptors are located upwind or 
downwind from the source for the most of the year. If odor occurrences associated 
with the source are seasonal in nature, consider whether sensitive receptors are 
located downwind during the season in which odor emissions occur. 

► Complaint History: Consider whether there is a history of complaints associated 
with the source. If there is no complaint history associated with a particular source 
(perhaps because sensitive receptors do not already exist in proximity to the source), 
consider complaint-history associated with other similar sources in BAAQMD’s 
jurisdiction with potential to emit the same or similar types of odorous chemicals or 
compounds, or that accommodate similar types of processes.  

► Character of Source: Consider the character of the odor source, for example, the 
type of odor events according to duration of exposure or averaging time (e.g., 
continuous release, frequent release events, or infrequent events). 

► Exposure: Consider whether the project would result in the exposure of a substantial 
number of people to odorous emissions. 

Table 9 – Screening Distances for Potential Odor Sources 

Type of Operation Project Screening Distance 

Wastewater Treatment Plant 2 miles 

Wastewater Pumping Facilities 1 mile 

Sanitary Landfill 2 miles 

Transfer Station 1 mile 

Composting Facility 1 mile 

Petroleum Refinery 2 miles 

Asphalt Batch Plant 2 miles 

Chemical Manufacturing 2 miles 

Fiberglass Manufacturing 1 mile 

Painting/Coating Operations 1 mile 

Rendering Plant 2 miles 

Food Processing Facility 1 mile 

Confined Animal Facility/Feed Lot/Dairy 1 mile 

Green Waste and Recycling Operations 1 mile 

Coffee Roaster 1 mile 

 
 
California Integrated Waste Management Board (CIWMB). Facilities that are regulated 
by the CIWMB (e.g. landfill, composting, etc.) are required to have Odor Impact 
Minimization Plans (OIMP) in place and have procedures that establish fence line odor 
detection thresholds. The Air District recognizes a Lead Agency’s discretion under 
CEQA to use established odor detection thresholds as thresholds of significance for 
CEQA review for CIWMB regulated facilities with an adopted OIMP.  
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Abstract The IPCC Fourth Assessment Report, Working Group III, summarises in
Box 13.7 the required emission reduction ranges in Annex I and non-Annex I coun-
tries as a group, to achieve greenhouse gas concentration stabilisation levels between
450 and 650 ppm CO2-eq. The box summarises the results of the IPCC authors’
analysis of the literature on the regional allocation of the emission reductions. The
box states that Annex I countries as a group would need to reduce their emissions to
below 1990 levels in 2020 by 25% to 40% for 450 ppm, 10% to 30% for 550 ppm
and 0% to 25% for 650 ppm CO2-eq, even if emissions in developing countries
deviate substantially from baseline for the low concentration target. In this paper,
the IPCC authors of Box 13.7 provide background information and analyse whether
new information, obtained after completion of the IPCC report, influences these
ranges. The authors concluded that there is no argument for updating the ranges in
Box 13.7. The allocation studies, which were published after the writing of the IPCC
report, show reductions in line with the reduction ranges in the box. From the studies
analysed, this paper specifies the “substantial deviation” or “deviation from baseline”
in the box: emissions of non-Annex I countries as a group have to be below the
baseline roughly between 15% to 30% for 450 ppm CO2-eq, 0% to 20% for 550 ppm
CO2-eq and from 10% above to 10% below the baseline for 650 ppm CO2-eq, in
2020. These ranges apply to the whole group of non-Annex I countries and may differ
substantially per country. The most important factor influencing these ranges above,
for non-Annex I countries, and in the box, for Annex I countries, is new information
on higher baseline emissions (e.g. that of Sheehan, Climatic Change, 2008, this issue).
Other factors are the assumed global emission level in 2020 and assumptions on
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land-use change and forestry emissions. The current, slow pace in climate policy and
the steady increase in global emissions, make it almost unfeasible to reach relatively
low global emission levels in 2020 needed to meet 450 ppm CO2-eq, as was first
assumed feasible by some studies, 5 years ago.

1 Introduction

The level of ambition for reductions by developed countries (Annex I countries) and
developing countries (non-Annex I countries), in a future international agreement
on climate change, is one very important element in the current climate negotiations.
The Ad-Hoc Working Group on Further Commitments for Annex I countries
under the Kyoto Protocol (AWG-KP), agreed on the wording of the level of its
ambition. At a preparatory meeting in August 2007, it noted the usefulness of the
contribution of Working Group III to the Fourth Assessment Report (AR4) of the
Intergovernmental Panel on Climate Change (IPCC), which states that emissions
need to peak within the next 10 to 15 years and that emissions must be reduced to
well below half of the 2000 level by the middle of the twenty-first century, in order
to stabilise their concentrations in the atmosphere at the lowest level assessed by
the IPCC. In addition, AWG-KP recognised that Annex I countries need to reduce
their emissions within a range of 25% to 40% below 1990 levels in 2020, in order
to reach the lowest stabilisation levels assessed by the IPCC. The reduction range of
−25% to −40% refers to Box 13.7 of the Working Group III report of the IPCC AR4
(Table 1) (Gupta et al. 2007). Agreement on this formulation was possible under the
Kyoto Protocol because (1) it is only a recognition of this range and not a decision
on it and (2) the USA did not take part in this agreement, as it has not ratified the
Kyoto Protocol.

At the Conference of the Parties (COP) 13 in Bali in December 2007, the issue of
the reduction range for the Annex I was discussed again, this time with all countries,
including the USA. Initial drafts by the EU called for the same wording as already
agreed to under the Kyoto Protocol. The Box 13.7 of the IPCC report received large
attention, including by the media. But in the end, agreement could not be reached
on the reduction percentages in the negotiations under the Convention and, instead,
it called for “deep cuts in global emissions” and a reference to the IPCC AR4 was
included in a footnote.

The conference also agreed to complete the negotiation process on comparable
mitigation commitments or actions by all developed countries and nationally appro-
priate mitigation actions by developing countries by the end of 2009.

In this paper the authors of Box 13.7 provide more details on the studies that
were used to prepare the ranges and they analyse whether new information, obtained
after completion of the IPCC report, influences these ranges. A first question is
how the ranges were derived and whether new allocation studies would change the
results (Section 2). A second question concerns the possibility of quantifying what is
termed as “substantial deviation from the baseline” for non-Annex I countries and
what the important determinants are. One important assumption is the reductions
by the Annex I countries, but an even more important assumption is the baseline
that was chosen (Section 3). Different baselines were tested, including those with
rapid growth in emissions, in particular in the developing countries, as presented by
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Table 1 IPCC Box 13.7: The range of the difference between emissions in 1990 and emission
allowances in 2020/2050 for various GHG concentration levels for Annex I and non-Annex I
countries as a group

Scenario category Region 2020 2050

A—450 ppm CO2-eqa Annex I −25% to −40% −80% to −95%
Non-Annex I Substantial deviation from Substantial deviation from

baseline in Latin America, baseline in all regions
Middle East, East Asia
and Centrally-Planned Asia

B—550 ppm CO2-eq Annex I −10% to −30% −40% to −90%
Non-Annex I Deviation from baseline Deviation from baseline

in Latin America in most regions, especially
and Middle East, in Latin America
East Asia and Middle East

C—650 ppm CO2-eq Annex I 0% to−25% −30% to −80%
Non-Annex I Baseline Deviation from baseline

in Latin America, Middle
East, and East Asia

Source: Gupta et al. (2007, Section 13.3.3.3). The aggregate range is based on multiple approaches
to apportion emissions between regions (contraction and convergence, Multi-Stage, Triptych and
intensity targets, among others). Each approach makes different assumptions about the pathway,
specific national efforts and other variables. Additional extreme cases—in which Annex I or non-
Annex I undertake all reductions—are not included. The ranges presented here do not imply political
feasibility, nor do the results reflect cost variances.
aOnly the studies aiming at stabilisation at 450 ppm CO2-eq assume a (temporary) overshoot of
about 50 ppm (see den Elzen and Meinshausen 2006b).

Sheehan (2008). Also important are assumptions on the required global emission
level and on CO2 emissions from land use, land-use change and forestry (LULUCF).

2 Main assumptions underlying the studies quoted in the IPCC report

Several studies have analysed the level of commitment of different regions and
countries and the timing of participation, which are required to ensure meeting
the long-term concentration stabilisation targets, using different post-2012 regimes
for differentiation of future commitments (allocation schemes). This has been sum-
marised in Box 13.7 by IPCC AR4 (Gupta et al. 2007). Table 2 presents the main
assumptions of the sixteen studies used and quoted in the IPCC analysis and two
additional unquoted studies (i.e. Höhne et al. 2003; Leimbach 2003), which influence
the results:

• Allocation calculations for CO2 only or all greenhouse gases (GHGs): Some
calculations were based on all GHGs and some only on CO2. The share of non-
CO2 gases is usually higher in developing counties

• Baseline: The baseline emissions are a major determinant for the results, as more
reductions are necessary if baseline emissions are higher

• Kyoto implementation: For the short term it is important whether studies have
assumed that the Kyoto protocol targets are implemented or not.
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• The assumed allocation scheme covered: Some studies in Table 2 focus on one
scheme, whereas others include a wide range of about ten schemes (see for
example, den Elzen and Lucas 2005).

• Global emission limits: Many global emission pathways can lead to the same
long-term concentration stabilisation level. Pathways with higher emissions in
the earlier part of the century have lower emissions in the later part of the
century. Therefore, it is important which global emission level in 2020 and 2050
was chosen from a possible range that represents one long-term stabilisation
level (i.e. 450, 550 and 650 ppm CO2-eq).

Table 2 (bottom part) also shows the seven new allocation studies that became
available after the finalisation of the IPCC report. In fact, the first four of these
studies were already included in the calculations of the presented reduction ranges,
but at the last moment of publication of the IPCC AR4 report, their citations were
excluded, as these studies were still unpublished, at the time.

Figure 1 presents the resulting emission reduction targets for the Annex I and non-
Annex I countries as a group, which are mainly based on information provided by the
authors of the studies or, for some studies, are derived from detailed information in
the papers themselves. The figure also presents the adopted IPCC AR4 reduction
ranges (Gupta et al. 2007). The IPCC AR4 based these ranges on the outcomes of all
studies mentioned in Table 2 (except for Leimbach 2003; Vaillancourt and Waaub
2006; Höhne et al. 2007; Baer et al. 2008; Timilsina 2008). We listed all studies that
were available to us. Outliers that provide substantially different results compared
to other studies were excluded and more weight was given to the more recent multi-
gas studies. We did not make judgements on the way the studies allocated emission
reductions across regions and countries.

A brief overview of the studies is given below.
The study by Berk and den Elzen (2001) is one of the first, quantifying post-2012

CO2 emission allocations for meeting long-term concentration stabilisation targets,
based on three regimes, i.e. Multi-Stage, Contraction & Convergence (C&C) and
Berk and den Elzen’s implementation of the Brazilian proposal (see Table 3). The
study assumed that all Annex I countries would meet their Kyoto targets (the USA
had not rejected ratification), a low global emission target of only 10% above 1990
levels, by 2020, and 20% below 1990 levels, by 2050. Based on its low short-term
emission this study is clustered under the lowest IPCC 450 ppm CO2-eq category
(Table 2).The Annex I countries, as a group, need to reduce their emissions from
about 30% to 45% below 1990 levels, which is at the lower end of the IPCC
AR4 range (see Fig. 1). The reductions for the non-Annex I countries, as a group,
range from 15% to 35% below the baseline emissions. Later, den Elzen (2002) also
included Triptych regime calculations and an extensive sensitivity analysis. Similar
work has been done by Blanchard (2002), focussing on stabilisation at 550 ppm CO2
concentration (about 650 ppm CO2-eq). Winkler et al. (2002) also calculated the CO2
emission allowances of the key developing countries, using three allocation schemes,
and assuming global CO2 emissions returning to 1990 levels by 2020, and using the
lowest IPCC SRES B1 scenario.
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Fig. 1 Reductions in Annex I (below 1990 level) and non-Annex I countries (below baseline) as
a group in 2020 for the studies quoted by the IPCC and more recent studies. Uncertainty ranges
indicated here, are based on the outcomes of different post-2012 regimes. The figure also depicts the
reduction ranges for Annex I countries as reported in IPCC Box 13.7
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Fig. 1 (continued)

Most studies in Table 2 focussed on CO2 only, instead of all GHGs. Criqui et al.
(2003) and Höhne et al. (2003) were among the first to calculate emission allowances
for all GHGs, i.e. CO2-equivalent emissions, including the anthropogenic emissions
of six Kyoto greenhouse gases (fossil CO2, CH4, N2O, HFCs, PFCs and SF6 (using
the 100-year GWPs of IPCC 2001)). These studies, as did all earlier studies, excluded
LULUCF CO2 emissions, as these were too uncertain. Criqui et al. (2003) presented
reduction targets for two C&C variants (convergence years 2050 and 2100) and
three Multi-Stage variants for regions, and focused on stabilising GHG concentration
targets at 550 and 650 ppm CO2-eq (see also den Elzen et al. 2006). Den Elzen
and Lucas (2005) extended this analysis, using ten very different emission allocation
schemes, varying from grandfathering to a convergence in per capita emissions
before 2015, leading to a wide range of reductions in Annex I countries, below 1990
levels. Another follow-up study, den Elzen et al. (2005b), focused on less regimes,
but also presented abatement costs.

Höhne et al. (2003) focussed on a wide range of post-2012 regimes (all variants
of those mentioned in Table 3) for a global emission target in 2020 (roughly
corresponding with 550 ppm CO2-eq), and was the first to present the reduction
targets for individual countries.1 The reductions for Annex I countries in 2020 are, in
general, more stringent than those in Criqui et al. (2003), due to their assumed lower

1They used baseline scenarios for population, GDP and emissions at the level of countries, based
on applying the regional downscaling method for the IPCC SRES emission scenarios from the four
IPCC SRES regions to countries.
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Table 3 Short description of the various post-2012 regimes for differentiation of future commitments
(allocation schemes)

Approach Abbreviation Operational rule for allocation
of emission allowances

Multi-Stage approach MS An incremental but rule-based
approach, which assumes a
gradual increase in the number
of parties taking on mitigation
commitments and in their level
of commitment as they move
through several stages according
to participation and differentiation
rules (Berk and den Elzen 2001;
den Elzen 2002).

Historical responsibility (Brazilian Proposal) HR Reduction targets based
on countries’ contribution
to temperature increase
(UNFCCC 1997;
den Elzen et al. 2005a).

Ability to Pay AP Emission reduction allocation and
participation based on per capita
income thresholds
(Jacoby et al. 1999).

Contraction & Convergence (C&C) CC Emission targets based
on a convergence of per capita
emission levels of all countries
under a contraction of the global
emission profile (Meyer 2000).

Emission Intensity EI Emission reductions related to
improvements in the emission
per unit GDP output
(Baumert et al. 1999).

Triptych TY Emission allowances based on
various differentiation
rules to different sectors for all
Parties (Phylipsen et al. 1998).

2010 emissions in Annex I countries (the starting point of the calculations), from
stronger Kyoto reduction assumptions. Höhne et al. (2003) assumed that all Annex I
countries (including USA) implement the Kyoto targets, except for the former Soviet
Union (FSU) and Eastern European States, which start from their baseline emissions
(far below the Kyoto target). Criqui et al. (2003), however, assumed that all Annex I
countries meet the Kyoto targets (this is for FSU and Eastern European States well
above their baseline), except for the USA, which are assumed to meet their national
target (about 25% above 1990 levels in stead of −7% below 1990 emissions under
Kyoto in 2010).

Besides these studies, there are also CO2-only studies with macro-economic or
energy-system models, which focus primarily on the C&C regime for global CO2-
only emissions targets, as was done by Bollen et al. (2004), Leimbach (2003), Persson
et al. (2006) and WBGU (2003). These studies mainly vary the convergence year
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between 2025 and 2100, showing stringent reductions for Annex I countries for an
early convergence. WBGU (2003) (identical to Nakicenovic and Riahi 2003) focuses
on C&C 2050 and 2100 for 400 ppm CO2 concentration stabilisation under the IPCC
B1 and B2 baseline scenarios, and 450 ppm CO2 under the IPCC A1T scenario. The
first group of 400 ppm CO2,corresponding with the lowest 450 ppm CO2-eq target,
and the lower baseline scenarios (B1 and B2), in particular, lead to low reductions
targets for Annex I and non-Annex I countries (well above the IPCC AR4 range)
(Fig. 1). Bollen et al. (2004) and Leimbach (2003) focus on global emission targets, in
2020, as high as 50–75% above 1990 levels (within 650 ppm CO2-eq) and show high
reduction targets for Annex I countries (30% to 40% below 1990 levels)—well below
the IPCC AR4 range. In contrast, they have surplus emission allowances (emissions
above the baseline) for non-Annex I countries. Compared to the other results, these
studies seem outliers. Böhringer and Welsch (2006) used emission allocations from
current emissions, based on equal-per-capita emission.

Groenenberg et al. (2004) has extended the Triptych approach for all GHGs and
also presented an extensive sensitivity analysis, showing a wide range of reduction
targets for Annex I and non-Annex I countries in 2020. As Kyoto targets were not
considered, the reduction targets are somewhat higher, but still within the IPCC
AR4 ranges. Den Elzen et al. (2008a) further improved the Triptych approach by,
for example, a differentiated participation for developing countries that, together
with accounting for the Kyoto targets (excluding the USA), lead to reduction targets
which are somewhat lower than the IPCC AR4 reductions.

Böhringer and Löschel (2005) use another approach that differs from the rule-
based allocation schemes used in all previous studies. They interviewed experts about
their judgment on four key aspects of a possible Post-Kyoto scenario, until 2020: the
targeted global emission reduction, USA participation, the inclusion of developing
countries, and the allocation rule for abatement duties. In general, this approach
leads to a high global emission limit by 2020 and rather low reduction targets for the
Annex I and non-Annex I countries (Table 1 and Fig. 1).

Vaillancourt and Waaub (2006) proposed a dynamical multi-criterion method
to compare various alternative allocation rules and found a compromise solution,
although this led to global emissions as high as 50% above 1990 levels in 2020.

Höhne et al. (2005) updated the calculations of in their study of 2003, again for
a wide range of regimes. For the lowest concentration category, a non-overshoot
400 ppm CO2 concentration stabilisation (about 450 ppm CO2-eq) is assumed. This,
combined with the stronger Kyoto reduction assumptions (all Annex I countries
including the USA implement Kyoto), leads to emission reductions in Annex I
countries, up to 45% below 1990 levels in 2020, for 450 ppm CO2-eq. In general, their
reduction range exceeds the IPCC AR4 range on the lower end. Höhne et al. (2007)
further updated the analysis with very similar reduction ranges, although they now
assumed that the USA follows its national target, leading to a less ambitious range
for Annex I countries. In Höhne et al. (2006) a variant of the per capita convergence
(‘common but differentiated convergence’) is presented, in which the per capita
emissions of all countries converge to a low level. The per capita emissions in non-
Annex countries, however, start to converge later, but end up at the same level. This
leads to slightly more ambitious 2020 I reduction targets for Annex I countries.

Den Elzen and Meinshausen (2006b) focused on Multi-Stage and C&C, and GHG
concentration targets 400–550 ppm CO2-eq. For 400 and 450 ppm CO2-eq they
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assumed an overshoot in the concentration targets. This overshoot, combined with a
lower baseline and less stringent Kyoto reduction assumption (all Annex I countries,
except for the USA and Australia, implement their Kyoto targets by 2010), lead
to less ambitious reduction targets for Annex I countries. Similar assumptions have
been made in den Elzen et al. (2008b), presenting in detail the required abatement
options and costs. As they excluded the 400 ppm scenario and used a lower baseline
(update of IPCC B2), the reductions for Annex I and non-Annex I countries were
less ambitious, although the USA still has to return to its 1990 levels by 2020. In
den Elzen et al. (2007a) a variant of the Multi-Stage type regime, i.e. the ‘South–
North Dialogue’ Proposal (Ott et al. 2004) was analysed. This proposal is based on
the criteria of responsibility, capability and potential to mitigate, and include deep
cuts in industrialised (Annex I) countries and differentiated mitigation commitments
for developing countries.

Another very recent allocation study came from Baer et al. (2008), called the
Greenhouse Development Rights Framework. This framework calculates national
shares of the global mitigation requirement based on an indicator that combines
capacity (per capita income over a $7,500 threshold) and responsibility (cumulative
per capita emissions since 1990) in a way that is sensitive to intra-national income
distribution. National allocations are then calculated by subtracting each country’s
share of the global mitigation requirement from its national baseline emissions
trajectory. This approach leads to very high Annex I emission reductions of about
−70% below 1990 levels in 2020.

The following findings can be drawn from Table 2 and Fig. 1:

• A wide range of studies cover the different stabilisation levels; most have studied
550 ppm CO2-eq.

• The number of multi-gas studies that analysed the lowest concentration category,
published at the time of writing the IPCC AR4, was limited, i.e. den Elzen and
Meinshausen (2006b) and Höhne et al. (2005), but about four of these studies
were in press at the time of writing the IPCC AR4 (see Table 1). In general,
the studies of Höhne assume a lower global emission limit in 2020 (10%, 30%
and 50% above 1990 levels for stabilisation at 450, 550 and 650 ppm CO2-eq)
and stronger Kyoto reduction assumptions (the USA follows Kyoto and FSU
starts in 2010 with baseline emissions), whereas the studies of den Elzen assume
a higher global emission limit (25%, 40% and 50% for stabilisation at 450, 550
and 650 ppm CO2-eq by 2020) and lower Kyoto reduction targets (the USA
follows national policy by 2010, and FSU starts in 2010 at their Kyoto targets).
Therefore, the studies of Höhne et al. lead to more stringent reduction targets
in the presented ranges for 2020, whereas those by den Elzen et al. lead to less
stringent reduction targets for 2020. However, less stringent reductions in the
short term require more stringent reductions in the long term, to reach the same
long-term stabilisation level. Hence, the targets presented by Höhne for the long
term, are less stringent than those presented by den Elzen.

• There is no argument for updating the ranges in Box 13.7 of the IPCC report
based on the new studies published after its completion, as all studies show
reductions that are in line with the reduction ranges in the box.

• As has been explained in the IPCC report, the reductions in Annex I and non-
Annex I countries in the Box largely depend on the regime assumptions, the
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global emissions target (and related to the concentration stabilisation target) and
depend on the assumptions on the initial 2010 emission levels. This issue is also
further analysed in the next chapter.

• As was also concluded by Sheehan, most of these studies use baseline emission
scenarios, mostly the IPCC SRES scenarios, that are developed before 2003 and
do not account for the recent rapid growth in emissions. More specifically, in
all studies the reference cases are within the SRES marker scenario range, and
hence subject to the critique outlined in Sheehan (2008). The impact of new
baseline scenarios will be discussed in the next section.

• The studies that were analysed show that emissions in the group of non-Annex
I countries deviate from the baseline roughly between 15% to 30% for 450 ppm
CO2-eq, between 0% to 20% for 550 ppm CO2-eq and from 10% above to 10%
below the baseline for 650 ppm CO2-eq, in 2020. Quantitative estimates per
regional group for non-Annex I countries are not possible, as all studies used
different regional groupings.

3 Assessing the emission reductions in Annex I and non-Annex I

One particular issue of interest is: if Annex I countries reduce their domestic
emissions to a certain extent, then how far do the emissions in non-Annex I countries
have to be reduced, to achieve the stabilisation of the climate at a certain level? In
the previous sections it is described which Annex I reductions have been calculated
by the different studies, as well as what these studies assumed to be a “substantial
deviation from the baseline” for non-Annex I countries. This section further analyses
which factors are important in this trade-off and it assesses their influence, using
simple calculations to quantify this influence. The analysis concentrates on 2020 as
this is the timeframe of major interest in the negotiations. The most important factors
in the reductions of greenhouse gas emissions in Annex I and non-Annex I countries,
in order of descending influence, are:

1. Baseline emissions: These are particularly uncertain for non-Annex I countries,
but so is the historical emission trend, which is not always the same in the models.

2. The assumed global emission level in 2020 for a long-term concentration stabili-
sation target: As the long-term concentration stabilisation level depends also on
the cumulative emissions, a certain stabilisation level can only be translated into
an emission range in 2020. This range is particularly large if one assumes that
concentrations may temporarily overshoot the desired level.

3. Land-use CO2 emission projections: Current land-use related CO2 emissions and
projections are particularly uncertain and, mostly, they are not or only indirectly
considered in the studies cited above.

Below, a brief description is given of the assumptions for the first two points, followed
by an analysis of each of these points, in Section 3.3.

3.1 Baseline

Current and historical emission levels vary by a few percentage points, depending on
the data source, but all data sources report an increase in global emissions. Table 4
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Table 4 GHG emissions (excluding LULUCF CO2 and international transport emissions) for the
Annex I and non-Annex I countries as a group and the world, for the period 1990–2006 (upper) and
2020 projection (lower)

Emission (million tonnes CO2-eq) Change compared to 1990 levels
Annex I Non- World Annex I (%) Non- World (%)

Annex I Annex I (%)

1990 18,531 12,847 31,378 0 0 0
1995 18,123 14,294 32,417 −2 11 3
2000 17,986 16,866 34,852 −3 31 11
2005 18,414 20,609 39,023 −1 60 24
2006 18,460 21,548 40,008 0 68 25
2020 scenarioa

IPCC A1 2001 23,558 34,732 57,616 27 170 84
IPCC A2 2001 23,110 29,752 52,434 25 132 67
IPCC B1 2001 19,334 28,435 47,222 4 121 50
IPCC B2 2001 20,520 31,234 51,114 11 143 63
IPCC A1F 2001 24,066 35,126 58,521 30 173 87
IPCC A1T 2001 33,408 23,034 55,812 24 160 78
CPI 2003 21,108 31,779 52,243 14 147 66
Update IPCC B2 22,345 27,530 49,370 21 114 57
Sheehan (2008)b 22,215 40,575 61,726 20 216 97

Source: GHG emissions for the period 1990–2005: IEA (2008); CO2 emissions in 2006: BP (2007)
and non-CO2and process CO2 emissions in 2006: using the trend of 2004–2005.
aIPCC: IMAGE implementation of IPCC SRES 2001 scenarios (IMAGE-team 2001); CPI: com-
mon POLES-IMAGE baseline (van Vuuren et al. 2003, 2006); Update IPCC B2: updated IM-
AGE/TIMER implementation of the IPCC-SRES B2 scenario (van Vuuren et al. 2007)
bAs the Sheehan baseline does not include the non-CO2 GHG emissions, we have estimated these
based on the IMAGE IPCC SRES A1b scenario.

gives the historical trend in the global GHG emissions (excluding land-use related
CO2 emissions and international transport emissions) for one very recent data
source. In 2005, global CO2-eq emissions were about 24% above 1990 emission levels
(IEA 2008). The 2006 figures are based on a preliminary estimate by the Netherlands
Environmental Assessment Agency, using recently published BP [British Petroleum
(BP 2007)] energy data and cement production data. From 2005 to 2006, global CO2
emissions from fossil fuel use increased by about 2.6%, which is less than the 3.3%
increase the year before.2 The 2.6% increase is mainly due to a 4.5% increase in
global coal consumption. In the 1990–2006 period, global fossil-fuel related CO2
emissions increased over 35%, which is an increase of 25% for the overall GHG
emissions (excluding LULUCF CO2 emissions), assuming an ongoing linear trend
over the past 5 years, for the non-CO2 GHG emissions in 2006.

Even if the Kyoto Protocol is implemented by those countries that have ratified
it, it is very likely that global emissions will continue to rise until 2012, when a
new international climate agreement can start to be effective. The approximate
stabilisation of emissions by Annex I countries will be more than counterbalanced
by an ongoing and strong rise in emissions in non-Annex I countries.

2http://www.mnp.nl/en/dossiers/Climatechange/moreinfo/Chinanowno1inCO2emissionsUSAinsecond
position.html.

http://www.mnp.nl/en/dossiers/Climatechange/moreinfo/Chinanowno1inCO2emissionsUSAinsecondposition.html
http://www.mnp.nl/en/dossiers/Climatechange/moreinfo/Chinanowno1inCO2emissionsUSAinsecondposition.html
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Table 4 also shows the projections of future emissions from various sources. The
standard set of emission scenarios, IMAGE implementation (IMAGE-team 2001) of
the IPCC special report on emission scenarios (Nakicenovic et al. 2000) was prepared
already in 2001 and, therefore, does not reflect the recent changes in emissions.3 Still,
its large range covers most of the scenarios that were produced afterwards. Already
in 2020, the spread will be high: global emissions could be as low as 50% below, or as
high as 92% above 1990 level, according to the recent projection of Sheehan (2008)
(for a discussion of this scenario, see van Vuuren and Riahi 2008). The impact of the
various baselines on the reductions in Annex I and non-Annex I countries, will be
analysed in Section 3.3.

3.2 Global emission level in 2020 necessary for a long-term concentration
stabilisation target

A second, very important assumption is the global emission level in 2020, necessary
for a long-term concentration stabilisation target. The long-term stabilisation level
depends also on the cumulative emissions. A long-term stabilisation level can only
be translated into an emission range in 2020. This range is particularly large if one
assumes that concentrations may temporarily overshoot the desired level. In earlier
studies, this emission level is lower, as they assumed that reductions would start
earlier and would not be postponed, in the way they are in the current trends.

Höhne et al. (2005) were rather optimistic about the Kyoto implementation and
early action by developing countries and did not allow for overshooting. They,
therefore, used very low global emission levels of 10% and 30%, compared to 1990
levels in 2020, for 450 and also 550 ppm CO2-eq, based on stabilisation paths from
various sources that were available at that time. Given that today’s global GHG
emission level (excluding LULUCF CO2) is already 25% above 1990, and that it
will further increase until 2010, the chosen values are very ambitious and reaching
+10% may have become unrealistic.

Den Elzen and Meinshausen (2006a, b) also presented emission pathways to
stabilise CO2-eq concentrations at 550 and 450 ppm. The 450 ppm pathway allows
overshooting, i.e., concentrations peak before stabilising at lower levels, rising to
500 ppm CO2-eq, before dropping to the 450 ppm CO2-eq, later on. Allowing an
overshoot also relaxes the global emission targets in the short term (2020), but
increases the necessary effort afterwards (up to 2050 and beyond), shifting the
burden into the future. The GHG emissions (excluding LULUCF CO2) may increase
to 30%, compared to 1990 levels in 2020, for 450 ppm CO2-eq.

To illustrate the impact of the first three elements (baseline, 2020 global emission
level and land-use CO2 emissions) on the emission reduction in Annex I and non-
Annex I, we use the global emission targets of den Elzen et al. (2007b), presenting the
global GHG emission pathways for the three concentration stabilisation levels, and
their ranges (see Table 5). The numbers of this study are in line with den Elzen and
Meinshausen (2006b) and another study of Meinshausen et al. (2006), using the EQW
methodology, and are within the 2020 and 2050 ranges of the IPCC AR4 (Fisher

3The IMAGE IPCC SRES scenarios are used here, as this set is used by many allocation studies in
Table 2, for reasons of consistency (one single model is used for all scenarios) and regional detailed
information.
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Table 5 Assumptions for global emission target (excl. LULUCF CO2) in 2020 and 2050 (%-
compared to 1990 emission levels) for the different multi-gas pathways for stabilising at 450, 550
and 650 ppm CO2-eq concentration of this study and Höhne et al

CO2-equivalent This study (based on den Elzen et al. 2007b) Höhne et al. (2005)

concentration Central estimate (%) Rangea (%) (%)

2020
450 ppm (no overshoot) +10
450 ppm (overshoot) +25 [+15; +30]
550 ppm +40 [+30; +45] +30
650 ppm +50 [+40; +60] +50

2050
450 ppm (no overshoot) −40
450 ppm (overshoot) −35 [−45;−25]
550 ppm −5 [−10; 0] −10
650 ppm +35 [+20; +60] +45

Numbers are rounded off to the nearest decimal or half-decimal.
aThe uncertainty range presented here needs to be considered carefully in the context of the
envelope. Choosing lower reductions in the beginning needs to be compensated by higher reductions
later on and vice versa.

et al. 2007). These estimates do not account for possible higher carbon releases
from the terrestrial biosphere (such as carbon cycle feedbacks, or continuing high
deforestation).

3.3 Analysis

Figure 2 shows the trade-off between deviations from baseline in non-Annex I
countries in 2020 (left to right) and the change in GHG emissions for Annex I
countries, compared to 1990 (top to bottom) for the stabilisation levels, as shown
in Table 5 for den Elzen et al. (2007b). The Annex I reduction range of the AWG of
−25% to −40% is also shown.

Note that these reductions are assumed to occur independently by domestic
reductions in Annex I and non-Annex I countries. If Annex I countries decide to
achieve some of these reductions outside of the group (through CDM or any other
future mechanisms), additional reductions have to occur in developing countries.

The calculations behind these figures are very straightforward. First, a simple
calculation can be made of the total overall global allowable emissions to meet the
various concentration stabilisation targets, by combining the global GHG emission
targets of Table 5 with the global GHG emissions of Table 4. In the second step,
the allowable emissions of the Annex I countries can be calculated, by combing the
allowable emissions of the non-Annex I countries (calculated as the reduction from
their baseline emissions, see Table 4) and the global allowable emissions of step 1.

Figure 2 provides the average outcome over separate calculations for each of the
six IMAGE IPCC SRES scenarios (IMAGE-team 2001) (A1B, A1Fl, A1T, A2, B1,
B2) (the IPCC SRES average), for 2020 and 2050 to capture a wide spread of possible
future baseline emission developments.

To exemplify the figure, an example is given for the average over the six IPCC
SRES scenarios. Figure 2a shows that the emission reductions for Annex I countries,
as a group, of 25% relative to 1990 in 2020 (top range of the green shaded area),



264 Climatic Change (2008) 91:249–274

Fig. 2 The trade-off in
reductions in 2020 (a) and
2050 (b), in Annex I and
non-Annex I countries as a
group, for three concentration
stabilisation levels. The
numbers represent the
averaged outcome over
separate calculations
for each of the six IPCC SRES
baselines (IPCC SRES
average). The figure also
depicts the reduction ranges
for Annex I countries for
450 ppm CO2-eq as reported
in IPCC Box 13.7

and deviation from the baseline by non-Annex I countries, as a group, of around 7%
is consistent with a 550 ppm CO2-eq stabilisation level (intersection of the middle
yellow line for 550 ppm with the top range of the green shaded area). For meeting
450 ppm CO2-eq stabilisation, the non-Annex I countries’ deviation, compared to
the baseline, becomes around 22% (intersection of the bottom green line for 450 ppm
with the top range of the green shaded area). If non-Annex I countries do not deviate
from the baseline, then even if Annex I countries cut their emissions by about 40%
in 2020, stabilisation of only slightly less than 550 ppm CO2-eq is possible. Figure 2b
also shows the results for 2050, for example, showing that for 550 ppm CO2-eq a
80% emission reduction in Annex I countries corresponds with about 55% reduction
from the baseline for non-Annex I countries. Note that this is viable only for the
average of the IPCC SRES baseline scenarios. The outcome for individual IPCC
SRES scenarios is different (see below).
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3.3.1 Baseline emissions

The outcomes of the calculations heavily depend on the assumed baseline scenario
(see also Section 3.1), as can be seen in Fig. 3. It shows the same picture for only
one stabilisation level at a time (using the central estimate as shown in Table 5), but
for various baseline scenarios (the IPCC scenarios and their updates as mentioned in
Table 2 and the baseline of Sheehan), i.e. the average of the IPCC SRES baseline, as
well as the minimum and maximum outcome, the common POLES-IMAGE (CPI)
baseline (van Vuuren et al. 2003, 2006) and the update of IPCC B2 (van Vuuren
et al. 2007). The figure shows that if Annex I countries as a group reduces with 30%
below 1990 level, non-Annex I need to reduce about 10–25% below baseline for
meeting 450 ppm CO2-eq under the IPCC SRES emission scenarios. For the baseline
of Sheehan (2008), which reports much higher growth in emissions in non-Annex I
countries compared to the growth under the IPCC scenarios, the reduction becomes
as high as 35% for non-Annex I (Table 4).

For all stabilisation levels, the choice of the baseline has significant implications
for the required reductions in Annex I and non-Annex I countries. For example,
450 ppm CO2-eq and 40% reduction of emissions in Annex I countries (top left
figure, lower border of the green shaded area) would not require any deviation
from the lowest baseline (minimum of the IPCC SRES), but a 20% deviation from
the highest baseline for developing countries (maximum of the IPCC SRES). For
the baseline of Sheehan this would even mean a deviation as high as 30%. In this
scenario, the very high emission growth in non-Annex I countries, leads to much
higher reductions in the Annex I and non-Annex I countries as the figure shows.
Much less emission space is left for the Annex I countries when we fix the reduction
below baseline in non-Annex I, or much higher deviation from the baseline in the
non-Annex I countries is necessary when we fix the reduction for the Annex I
countries.

3.3.2 The assumed global emission level in 2020 for a long-term concentration
stabilisation target

So far, the central estimates have been assumed for the global emission limits in 2020.
The uncertainty ranges of the global emission limits of 2020 have been used (see
Table 5), and the effects of using the minimum and maximum have been analysed
(see Fig. 4). For example, the figure shows that for 450 ppm CO2-eq and a 40%
emission reduction for Annex I countries would require a 7% to 22% deviation from
the baseline, for a maximum and minimum global emission limit, compared to a 12%
deviation for the default global limit.

3.3.3 Land-use CO2 emission projections

The next important factor is the assumption of emissions from land use, land-use
change and forestry (LULUCF).

The allocation studies by Höhne assume that CO2 emissions from LULUCF need
to decline at the same speed as emissions from all other sectors. However, while most
baseline scenarios assume an increase in emissions in other sectors (in particular in
the developing countries with the highest LULUCF emissions), all baseline scenarios
assume that these emissions will decline over the course of the century. This is due
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Fig. 3 The trade-off in
reductions in 2020, in Annex I
and non-Annex I countries
as a group, for various baseline
emissions (incl. baseline of
Sheehan), for concentration
stabilisation at 450 (a), 550
(b) and 650 (c) ppm CO2-eq.
The figure also depicts the
reduction ranges for Annex I
countries for the concentration
stabilisation levels as reported
in IPCC Box 13.7
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Fig. 4 The trade-off in
reductions in 2020, in Annex I
and non-Annex I countries
as a group, for various global
emission limits in 2020, for
concentration stabilisation at
450 (a), 550 (b) and 650
(c) ppm CO2-eq. The numbers
represent the averaged
outcome over separate
calculations for each of the six
IPCC SRES baselines. The
figure also depicts the
reduction ranges for Annex I
countries for the concentration
stabilisation levels as reported
in IPCC Box 13.7
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Table 6 Assumptions for global emission target (excl. LULUCF CO2) in 2020 (%-compared to
1990 emission levels) for the different multi-gas pathways for stabilising at 450, 550 and 650 ppm
CO2-eq concentration for various assumptions on avoiding deforestation (affecting the LULUCF
CO2 emissions)

CO2-equivalent Baseline deforestation Avoiding deforestation Avoiding deforestation
concentration (this study) 2020 (%) 2030 (%)

Central estimate (%)

2020
450 ppm 25 35 30
550 ppm 40 50 45
650 ppm 50 55 52

to the fact that, at a certain point, all forest is depleted (stopping the emission) and
reforestation occurs (increasing the terrestrial carbon uptake).

The allocation studies by den Elzen assume that CO2 emissions from LULUCF
follow the baseline, so there will be no policy intervention against deforestation, and
emissions will be ongoing until at least 2020, after which they will decline. This is
also assumed in the calculations presented in the figures of this paper. The other
allocation studies in Table 2 are not very clear about what they have assumed for the
LULUCF emissions.

Separate policy interventions are currently discussed under the UNFCCC to avoid
deforestation as early as possible. One could, therefore, assume that emissions from
LULUCF, due to policy interventions against deforestation, are declining much
faster than all other emissions. This means, in turn, that all other emissions could
decrease slightly slower. To illustrate this influence of different intervention policies
against deforestation, two cases have been tested (see Table 6). The first case is
assuming a strong policy to avoid deforestation on the short-term, leading to zero
emission by 2020, in the second case a medium policy is assumed, which leads to
zero emission by 2030. The latter roughly corresponds with reducing the baseline
LULUCF CO2 emissions by 50% in 2020. Consequently, global emission levels of all
other sectors could be higher (higher values in Table 6 compared to the central case).

Note that, again, the reductions in the sectors are treated independently, so they
are not linked with the carbon market. If the avoiding of deforestation should be
induced by the carbon market through a new emission credits transfer mechanism,
then reduction targets of Annex I countries (buyers) would have to be more
stringent.

Figure 5 shows the results in terms of reductions in Annex I countries below 1990
(top to bottom) and in non-Annex I countries below the baseline (left to right).
Avoiding deforestation by 2020 eases the efforts of developing countries in all other
sectors from −22% to −12% below baseline in 2020 for the 450 ppm CO2-eq case.

3.3.4 Influence of all factors

What does the “substantial deviation from baseline” mean for non-Annex I countries
in box 13.7? The answer depends on a number of factors, which are summarised in
Fig. 6. It is assumed (a priori) that the group of Annex I countries reduce emissions
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Fig. 5 The trade-off in
reductions in 2020, in Annex I
and non-Annex I countries
as a group, for various
assumptions on avoiding
deforestation, for
concentration stabilisation
at 450 (a), 550 (b) and 650 (c)
ppm CO2-eq. The numbers
represent the averaged
outcome over separate
calculations for each of the six
IPCC SRES baselines. The
figure also depicts the
reduction ranges for Annex I
countries for the concentration
stabilisation levels as reported
in IPCC Box 13.7
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Fig. 6 The impact in the
reduction from the baseline
in non-Annex I countries
as a group in 2020 of all factors
assuming a 30% reduction
in Annex I countries, below
1990 levels (default)

Reduction from base line in non-Annex I in 2020
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by a certain percentage and then analyse which reductions from baseline will be
required in the non-Annex I countries. In this case, a 30% emission reduction below
the 1990 emissions level in the Annex I countries was assumed, as this is roughly in
the middle of the AWG reduction range of 25% to 40%. The substantial deviation
for reaching 450 ppm CO2-eq is very roughly around 17% below the baseline, in
2020.

The most important factor is the assumption on the baseline. Varying the baseline
and keeping all other parameters constant, the reduction in the non-Annex I
countries is between −5% and −35% below the baseline, in 2020. The baseline
by Sheehan is the most ambitious, because it assumes the largest growth in non-
Annex I emissions. Varying the assumed reductions in Annex I countries, means that
the reduction in the non-Annex I countries could vary between −13% and −22%.
Varying the global emission level in 2020 to still be consistent with 450 ppm CO2 eq,
the reduction in non-Annex I countries could vary between −13% to −27%. Varying
assumptions on avoiding deforestation, means that the reduction in the non-Annex I
countries could vary between −9% and −17%.

4 Conclusions

This paper provides background information on Box 13.7 of the IPCC Forth Assess-
ment Report, Working Group III, which shows reduction ranges for Annex I and
non-Annex I countries, for 2020 and 2050, consistent with stabilising the climate at
various levels. In this paper, the authors of the box give more details on the studies
used to prepare the ranges and analyse whether new information, obtained after
completion of the IPCC report, influences these ranges. This analysis includes all
studies that were available to us. We did not make judgements on the way the studies
allocated emission reductions across regions and countries.

A first question was how the ranges were derived and whether these new alloca-
tion studies would change the results.

The conclusion is that there is no argument for updating the ranges in Box 13.7
of the IPCC report. The new studies that were published after the publication of the
IPCC report show reductions that are in line with the reduction ranges in the box.
The more recent allocation studies, published after the IPCC report came out, were
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accounted for in the calculations of the presented reduction ranges. However, the
studies themselves were not referred to in the IPCC report, due to the fact that they
were still in press or submitted at the time of its publication.

The ranges given in the box and in this paper are assumed to be achieved
domestically by both groups of countries. If Annex I countries plan to achieve a part
of their emission targets outside of their territory, through credit transfer mechanisms
such as the CDM, then first the ranges presented in the box and in this paper would
have to be achieved and the credit transfers would have to occur in addition.

From the studies analysed, this paper specifies “substantial deviation” and “de-
viation” from baseline in the Box: emissions in the group of non-Annex I countries
may deviate from the baseline roughly between 15% to 30% for 450 ppm CO2-eq,
0% to 20% for 550 ppm CO2-eq and from 10% above to 10% below the baseline
for 650 ppm CO2-eq, in 2020, in addition to the stated reductions for Annex I
countries. Quantitative estimates per regional group for non-Annex I countries are
not possible, as all studies used different regional groupings.

A second question is what are the important determinants for the “substantial
deviation from the baseline” in non-Annex I countries. Simple and transparent
calculations were used to illustrate the impact of different assumptions.

The substantial deviation from baseline in the non-Annex I countries for reaching
450 ppm CO2 eq for the default settings in our calculations is around 17% below
the baseline, in 2020. The most important factor for this value is the assumption on
the baseline. The reduction in non-Annex I countries is between −5% and −35%
below the baseline, in 2020, with the baseline of Sheehan lying leading to the lower
end of this range. When the assumed reductions in Annex I countries vary, then
the reduction in non-Annex I countries could vary between −13% and −22%. With
varying the global emission levels in 2020, the reduction in non-Annex I countries
could vary between −13% to −27%. Varying assumptions on avoiding deforestation,
means that the reduction in non-Annex I countries could vary between −9%
and −17%.

As was also concluded by Sheehan, most of the allocation studies use baseline
emission scenarios, mostly the IPCC SRES scenarios, which were developed before
2003, and do not account for the recent rapid growth in emissions. This paper shows
that if higher baselines are used, such as the one of Sheehan, then reductions in
Annex I and/or non-Annex I countries have to be more ambitious.

The analysis by this paper reconfirms that stabilising the climate at safe levels is a
serious challenge. The current slow pace in climate policy and steadily increasing
global emissions mean that it is almost unfeasible to reach relatively low global
emission levels, in 2020, as was assumed to be possible by some studies of 5 years ago
(e.g. +10% above 1990 level compared to +26% today). Newer studies assume higher
global emission levels in the short term, but also assume more stringent emission
reductions in the longer term, to reach the same stabilisation levels. Amplified efforts
are needed to be able to turn around the trend in global greenhouse gas emissions.
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Executive Summary 
In the current climate change policy framework, the use of biomass for energy is 
considered a carbon neutral source. According to the principle of carbon neutrality, the 
GHG emissions produced by combustion of plant biomass are assumed to be re-
captured instantaneously by new growing plants. This assumption is acceptable when 
the same amount of biomass that was burned will re-grow in a very short time as for 
annual crops. When the raw material is wood, the time needed to re-absorb the CO2 
emitted in the atmosphere can be long, depending very much on the source of wood. 
This delay can create an upfront “carbon debt” that would substantially reduce the 
capability of bioenergy to reduce the greenhouse gas emissions (GHG) in the 
atmosphere in the short to medium term.  

The discussion on bioenergy carbon neutrality is fundamental, since the European Union 
(EU) adopted ambitious policy targets on the use of renewable energy sources and a 
substantial share of the total renewable energy will come from biomass. Biomass 
resources, which would not have been used without the new policies, and could have 
stored carbon in the biosphere, will be used to produce energy. According to estimates 
used by DG TREN, the projected renewable sources’ deployment in 2020 will require the 
use of 195 Mtoe from biomass. The energy generation from solid biomass and biowaste 
is projected to be 58% of the total renewable energy generation in 2020 (140 Mtoe of 
240 Mtoe) and it will cover 12% of the gross energy demand in the EU. 

The extent to which the use of bioenergy reduces GHG emission can be quantified with 
a Carbon Neutrality (CN) factor. The CN factor is defined as the ratio between the net 
reduction/increase of carbon emissions in the bioenergy system and the carbon 
emissions from the substituted reference energy system, over a certain period of time. 
The CN is time dependent and it includes emissions from carbon stock changes. This 
study shows that different sources of biomass for bioenergy can have very different 
climate change mitigation potentials according to the time horizon that is considered, by 
assessing the development of their CN over time. There is forest biomass that can 
produce a GHG benefit in the atmosphere from the beginning of its use but it is not 
carbon neutral. Other sources of woody biomass will require a long time before 
producing a GHG benefit in the atmosphere, while some other sources can be carbon 
neutral from their initiation: 

• When harvest residues, previously left on the forest floor are extracted for bioenergy, 
there is a carbon stock loss in the dead wood, litter and soil pools. It was estimated 
that the mitigation potential of such bioenergy material in a 20 year time horizon is 
reduced by 10-40% by this loss (CN=0.6-0.9). 

• Additional fellings for bioenergy can produce a decrease of the overall carbon stock 
in the forest that significantly affects the GHG balance of the bioenergy material. In 
the short-medium term (20-50 years), additional fellings could produce more 
emissions in the atmosphere than a fossil fuel system (CN<0). In such a case, the 
use of additional fellings would produce only very long term benefits, in the order of 
magnitude of 2-3 centuries. 

• The GHG balance of biomass from new plantations is affected by the carbon stock 
change due to the conversion from the previous land use (direct and indirect). The 
biomass source can be carbon neutral when the carbon stock change is zero or 
positive (e.g. conversion from abandoned croplands). If there is an initial carbon loss 
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(e.g. conversion from a forest area), the biomass will produce an atmospheric benefit 
only after that the carbon stock change is fully compensated by the same amount of 
avoided emissions in replaced fossil fuels (150-200 years). 

 

In the current accounting of GHG emissions in the climate change policy framework, 
there are two major gaps concerning the use of bioenergy. The first is a gap in spatial 
coverage. This gap resulted from adoption of an inventory methodology designed for a 
system in which all nations report into systems in which only a small number of countries 
have emission obligations, i.e., the Kyoto Protocol (KP) and the Emission Trading 
Scheme (EU-ETS). The second is a failure to differentiate between a system in which 
very long time horizons are relevant – efforts to mitigate climate change over the long 
term – and systems concerned with shorter-term horizons such as the EU 2020 and 
2050 targets. Since the KP adopted the UNFCCC Inventory Guidelines without 
considering these differences, current accounting systems’ difficulties in addressing the 
time-dependency of biomass’ carbon neutrality can also be traced to this decision. 

Policy approaches currently under discussion that could address the spatial or temporal 
gaps, at least to a limited extent, include the following: 

1. More inclusive accounting of emissions from the land-use sector 
2. Value Chain Approaches, including use of sustainability criteria 
3. Point-of-use accounting 

All of them are primarily intended to address problems that have emerged due to the 
difference in spatial boundaries, and point-of-use accounting can also address the time 
delay between use of biomass for energy and regrowth. 

A more inclusive accounting of emissions from the land-use sector has been under 
consideration in the UNFCCC fora by widening the number of activities whose emissions 
must be counted in Annex-I countries and by adopting a mechanism to support REDD+ 
that should encourage emission reduction efforts in non-Annex-I countries. However, 
these approaches would only partially fill the existing spatial gap and they would be 
dependent on a continual series of policy agreements. A third option is a unified carbon 
stock accounting (UCSA) under which land-use sector emissions would be estimated 
across all managed lands without restriction to specific activities, but there is currently 
wide resistance to this approach. In addition, it would only partially resolve the 
accounting gap if only applied in Annex-I countries.  

Under value-chain approaches GHG impacts along the entire series of steps – resource 
extraction or cultivation, transportation, and conversion to a final product – are taken into 
consideration. Under this approach bioenergy users are held responsible for the 
bioenergy embodied emissions and quantitative and/or qualitative criteria are set to limit 
the use of goods with high GHG-profiles. The EU Renewable Energy Directive’s 
requirements for biofuel are an example of a value-chain approach. However, there is a 
disjunction between the Directive and the KP and EU-ETS. For the purpose of emission 
reduction targets, bioenergy will still enjoy zero emission status even if its GHG balance, 
assessed with the methodology in the Directive, is not zero. In addition carbon stock 
changes due to management changes are not accounted for. 

Under point-of-use accounting, end-users are also held responsible for the emissions 
attendant on use of bioenergy and, in addition, emissions due to combustion would be 
assigned a non-zero multiplier (i.e., emission factor) to include the real GHG benefits 
due to bioenergy use. Under conditions where not all nations cap emissions in all 
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sectors, point-of-use accounting is likely to provide better incentives and dis-incentives 
than other systems. 

Two alternative ways to calculate emission factors at point-of-use are reviewed: 
calculating net value-chain emissions not covered by caps and use of Carbon Neutrality 
(CN) factors. DeCicco (2009) proposes a system in which assignment of emissions to 
biomass used for energy is combined with tracking the emissions occurring along its 
value chain that occur in non-capped sectors or nations. In such a system, the emission 
cap on fossil fuels serves as the incentive to lower the GHG emission profiles of biofuels. 

CN factors can incorporate all emissions due to changes in carbon stocks. Moreover, 
they compare biomass emissions to the emissions of use of fossil-fuels in a time-
relevant manner. Thus, use of CN factors by bioenergy users could, in principal, address 
both the areal gaps and timing issues. These issues have emerged as a result of the 
combination of the use of a ‘zero emissions’ factor at the point of biomass combustion 
under the KP and EU-ETS with the lack of accounting for land use change in Annex-I 
and non-Annex-I countries. The use of CN-factor labelled biomass would provide a 
straightforward way to calculate emission benefits relative to use of fossil fuels. 

It is very likely that accounting systems will remain partial through the foreseeable future. 
Not all nations will cap emissions from their land use sector and many of those that do 
are unlikely to adopt a UCSA approach. During this period, a CN factor based only on 
emissions not falling under caps may be a useful approach. 
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1 Introduction 
In the current climate change policy framework, the use of biomass for energy is 
considered a carbon neutral source. It is claimed that all the emissions produced by 
biomass burning are re-absorbed when it re-grows and therefore they are to be 
considered equal to zero.  

A recent paper by Searchinger et al. (2009) highlighted that different bioenergy sources 
can have a different capability to contribute to GHG emission reduction and they are not 
all carbon neutral. The paper stresses that the carbon neutrality of biomass from existing 
forests is particularly controversial under the current accounting rules. Part of the 
problem is linked to the lack of a full-accounting system in the Land Use and Land-Use 
Change sector under the current climate policy binding agreements. Already in the past, 
Schlamadinger et al. (1997) came to similar conclusions and stated that the emission 
reduction effect of bioenergy from existing forests (logging residues, trees) has a time 
delay in the order of several decades. This delay can create an upfront carbon debt that 
would substantially reduce the capability of bioenergy to reduce the present greenhouse 
gas emissions (GHG) in the atmosphere in the short to medium term. The impact of this 
carbon debt is strongly dependent on the source of wood, the efficiency of conversion, 
the type of substituted fuel and the mix of final products (Schlamadinger and Marland 
1996). 

The discussion on bioenergy carbon neutrality is fundamental, since the European Union 
(EU) adopted ambitious policy targets on the use of renewable energy sources and a 
substantial share of the total renewable energy will come from biomass. In the current 
EU system, the negative GHG impact of bioenergy is partially addressed by the adoption 
of a sustainability criteria framework that should ensure sustainable provision and use of 
biofuels and bioliquids. The regulations require that biofuels and bioliquids comply with a 
minimum climate mitigation performance. Once the bioenergy product is accepted in the 
system, it is considered carbon neutral for the purpose of binding targets. Concerning 
the use of solid and gaseous biomass sources, the Commission produced only 
recommendations to Member States on the development of national sustainability 
schemes (COM 2010). Therefore no binding criteria are approved for biomass at this 
stage at the EU level. The recommended sustainability criteria for biomass are the same 
as those laid down for biofuels and bioliquids.  

The real effectiveness of woody biomass in offsetting GHG emissions is to be discussed 
in order to ensure the development of policy instruments that will avoid perverse 
incentives to bioenergy and would increase GHG emissions instead of reducing them in 
the medium term. 

This report summarizes the future scenarios of bioenergy demand by 2020 and the 
potential bioenergy production, taking into account different fuel mixes. It discusses and 
gives guidance to assess the real carbon neutrality of bioenergy when a medium term 
climate mitigation goal is considered. The main focus is on woody biomass used for 
bioenergy. Finally, policy options to include the bioenergy upfront carbon debt in the 
accounting systems are presented. 
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2 Bioenergy in the climate policy framework 
Increased use of renewable energy is a key EU strategy for reducing emissions of 
CO2 to the atmosphere. However, the Kyoto Protocol’s adoption of the IPCC 
Inventory Guidelines results in a large fraction of emissions due to use of 
bioenergy not being accounted for under it or the EU-ETS. The EU Renewable 
Energy Directive attempts to address this gap for biofuels, but adoption of the 
same procedure for woody biomass would fail to address critical timing issues. 

The current climate policy framework is led by the principle of differentiated 
responsibilities according to which industrialized countries, emitting the majority of 
greenhouse (GHG) emissions, are the main actors responsible for mitigating climate 
change. 

Due to this principle, industrialized countries committed themselves to adopt policies and 
to take measures to limit anthropogenic emissions under the United Nations Framework 
Convention on Climate Change (UNFCCC). These countries, including the European 
Union (EU), are classified as Annex-I countries. With the ratification of the Kyoto 
Protocol, Annex-I countries adopted a binding target to reduce the GHG emissions of a 
certain percentage in comparison to a reference year (baseline). 

The EU promoted a series of parallel policy actions to help comply with the Kyoto 
Protocol target. The emissions produced by industry are regulated by maximum 
emission caps in the EU-Emission Trading Scheme (EU-ETS). Most recently, the EU 
also approved a Directive for the promotion of the use of energy from renewable sources 
that establish national targets corresponding to “at least a 20 % share of energy from 
renewable sources in the Community’s gross final consumption of energy in 2020“ (EC 
2009). 

The increased use of renewable energies is indeed one of the strategies to reduce future 
emissions of CO2 and other GHGs in the atmosphere. Woody and herbaceous biomass 
are considered renewable energy sources and due to the fact that re-growing plants can 
recapture the carbon emitted with combustion. For this reason, bioenergy (from wood 
and crops) is regarded as having zero emissions in accounting systems of policies with a 
GHG emission reduction target. 

2.1 Reporting and accounting systems 
There is a fundamental difference between reporting under the UNFCCC and 
accounting under the Kyoto Protocol (KP) and the EU-ETS. As a consequence of 
its more limited spatial boundaries, accounting gaps occur under the KP that do 
not occur under UNFCCC reporting. These gaps are spatial in nature, but timing 
gaps are also a problem in the case of use of woody biomass. 

UNFCCC reporting covers virtually all greenhouse gas emissions due to human 
activities world wide1. Under the KP and EU-ETS, however, only GHG emissions that 
occur in Annex-I or EU nations, respectively, enter the accounting system. GHG 
emissions that occur due to land use or biomass conversion and biomass production in 
non-Annex-I countries are not included in either the KP or EU-ETS. As well, in many 
Annex-I countries the decrease of forest carbon stocks, other than deforestation, are not 
                                                 
1 None of the systems covers emissions from unmanaged lands.  
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included unless the country has elected forest and soil management activities in its 
accounts. Due to the accounting convention, the emissions that occur when biomass is 
combusted for energy are also not counted. Recognition of the undesirable 
consequences of these accounting gaps led to adoption, in the EU Renewable Energy 
Directive, of provisions intended to account for all emissions due to biofuel use. 

Reporting under the UNFCCC as well as accounting under the KP and EU-ETS is based 
on the IPCC Guidelines for National Greenhouse Gas Inventories. These Guidelines 
were developed for UNFCCC reporting. They stipulate that each nation prepare an 
Inventory of “greenhouse gas emissions and removals taking place within national 
territory and offshore areas over which the country has jurisdiction” (IPCC 1996). Since 
virtually all nations are signatories to the UNFCCC, this method results in essentially 
complete reporting of GHG emissions due to human activities. In particular, emissions 
due to land use changes as well as conversion of biomass to biofuels are reported for 
almost all nations. 

The IPCC Guidelines were subsequently adopted for preparation of inventories under 
the KP. “The Conference of the Parties serving as the meeting of the Parties to the 
Kyoto Protocol Decides… that the IPCC good practice guidance … shall be used by 
Parties included in Annex-I to the Convention (Annex-I Parties) in their preparation of 
national greenhouse gas inventories under the Kyoto Protocol”. These inventories form 
the basis for determining compliance with targets, i.e. are used for accounting purposes. 
However, only a small sub-set of nations have KP targets. Thus, a reporting system 
designed for conditions in which virtually all nations participate is being utilized in an 
accounting system with different spatial boundaries: compliance with KP targets. This 
difference in spatial inclusiveness invalidates a key assumption underlying UNFCCC 
reporting: that emissions not reported in the energy sector will be reported in the 
LULUCF sector. 

Biomass to be used for energy and biofuels are among many products that enjoy a 
preferential status due to this difference in the spatial boundaries of the UNFCCC and 
KP. Due to the “national territory” organization of inventories, the GHG emissions 
attributable to production of any goods imported from non-Annex-I countries are not 
included in KP compliance. The extent to which this eases EU compliance with targets is 
illustrated in Figure 1. The difference between imported and exported embodied carbon 
measures the extent to which the EU does not account for, and therefore does not take 
responsibility for, the CO2 emissions caused by products it uses. 

Biomass-used-for energy enjoys an additional advantage. This extra ‘advantage’ is due 
to the IPCC Guidelines specific to bioenergy. “Reporting is generally organized 
according to the sector actually generating emissions or removals…There are some 
exceptions to this practice, such as CO2 emissions from biomass combustion which are 
reported in AFOLU (Agriculture, Forestry and Other Land Uses) Sector as part of net 
changes in carbon stocks” (IPCC 2006). Due to this provision, in addition to excluding 
emissions due to production and conversion in non-Annex-I nations, Annex-I nations 
also do not account for emissions that occur when they use bioenergy2. 

                                                 
2 In Table 1, Appendix III to Decision 20/CMP.1, which provides emission factors for the energy sector, CO2 
emissions from biomass are classified as N/A: Not Applicable, because Parties are either not required to 
report this source in the GHG inventories or not required to include it in their national total (UNFCCC 2006a). 
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Figure 1 Trade balance of emissions calculated as the difference between imported and 
exported carbon  

 

While the gap in accounting for emissions due to production of biomass-for-energy is 
most problematic where the biomass is imported from non-Annex-I nations, there is also 
an accounting gap where biomass is produced in Annex-I nations. In the case of Annex-I 
countries, the KP only requires accounting for emissions due to afforestation, 
reforestation and deforestation (ARD). Emissions from lands remaining in forests, 
grasslands, and agricultural lands are included only on a voluntary basis.  

The consequence of all of these provisions is that bioenergy enjoys a status under the 
KP that is not warranted, in general, by its actual emission profile. Use of biomass for 
heat and power or biofuels produced outside of Annex-I nations is, with the exception of 
transport emissions, essentially “GHG-free energy” under KP accounting. Use of 
biomass from such sources results in an apparent 100 percent reduction of the GHG 
emissions of the fossil fuels it replaces in electric power plants and petroleum products. 
If deforestation is avoided, the only emissions that must be accounted for in Annex-I 
nation sourced biomass are those from energy used in biomass conversion and 
transport. Thus, the KP accounting system encourages Annex-I countries to use 
bioenergy even in cases where it causes considerable GHG emissions globally. 

The EU-ETS was designed in large part to assist in meeting the target established for 
the EU under the KP. Therefore it is not surprising that the EU-ETS adopted the 
accounting rules of the KP, with all of their consequences. The EU also, partly to assist 
in GHG reduction goals but also for energy security and other reasons, adopted a 
Directive setting mandates for renewable energy, including renewable transportation 
fuels (EC 2009). However, by the time the Directive was developed, a range of 
stakeholders had become concerned about the consequences of encouraging use of 
biofuels when emissions, particularly emissions due to land use change outside of the 
EU, were not accounted for. Consequently, the Directive includes provisions that attempt 
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to hold EU bioenergy users responsible for emissions along the biomass production and 
delivery value chain. 

The Directive includes mechanisms intended to cover emissions from both direct and 
indirect land use change. To address direct land use change, raw materials used for 
biofuels cannot be obtained from primary or undisturbed native forests, land converted 
from forests or wetlands since 2008, or peatlands drained after 2008. Further, to qualify 
for compliance with the Directive, a biofuel’s GHG emissions per MJ must be at least 
35% lower than those of the fossil fuel they replace. In calculating whether a biofuel 
meets this requirement, emissions due to cultivation of the biomass and direct land use 
change must be included. Two provisions address indirect land use change. First, if the 
biomass is produced on degraded or contaminated land, a specified amount (29 gCO2 
MJ-1) can be subtracted3. In addition, the Directive charges the EC to submit a report by 
2010 accompanied, if appropriate, by a proposal “…containing a concrete methodology 
for emissions from carbon stock changes caused by indirect land use changes…” (EC 
2009). Recently, the EU Commission decided to postpone the decision whether similar 
regulations should be adopted at the EU level for forest biomass used for heat and 
power. The Commission only made recommendations to Member States on the 
development of national sustainability schemes that are consistent with the regulations 
in the Directive (COM 2010). 

The attempt of the Directive to account for emissions due to use of biofuels is only 
partially successful. First, although the Directive attempts to prevent EU biofuel demand 
for biomass-for-energy from causing emissions due to land use change, it will fail to do 
so unless its provisions encouraging use of degraded land are successful. Without 
sufficient increases in use of degraded land and productivity, increased demand for 
biomass will trigger land use change and accompanying emissions. If land use change is 
‘prohibited’ for biomass for energy, instead of producing this biomass on converted land, 
biomass to meet other needs (e.g. food) will be produced through conversion. 

A second problem results from the disjunction between Directive and KP and EU-ETS 
rules. Although the Directive ensures that only biofuels with an emission profile better 
than petroleum products can be used to meet renewable energy targets, this does not 
impact their contribution to EU-ETS and KP targets. Under both of these regimes, 
substitution of biomass for fossil fuels reduces emissions accounted by close to 100 
percent (i.e. except for emissions due to conversion of biomass, transport, and 
deforestation in the EU). Consequently, under these regimes, combustion of biofuels 
whose GHG balance, assessed with the methodology in the Directive, is not zero, will 
still enjoy zero emission status and bioenergy use will still be attractive well beyond what 
justified by its GHG profile.  

A final consideration, with regard to the Directive in the context of use of woody biomass, 
lies in its approach to timing issues. Just as the adoption of an inventory approach to 
systems with different spatial boundaries led to problems, adoption of the current 
approach to biofuels for all bioenergy applications would introduce anomalies. The time 
horizon over which woody biomass sources provide carbon neutrality compared to the 
use of fossil fuel varies significantly depending on the source of biomass and the fuel-
substitution pathway. In particular, the degree to which increased use of woody biomass 

                                                 
3 This provision attempts to reduce indirect land-use change impacts of bioenergy demand by providing an 
incentive to produce the biomass on land not in use to satisfy, e.g. food, feed, or fibre demand. In this way, 
the food, feed, and fibre demand can continue to be met on land already in use, avoiding further land use 
change. 
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for energy lowers or increases GHG emissions compared to fossil fuels by a given date 
depends on the source of the biomass as well as the fossil fuel for which it is substituted. 
Within the time horizons of the 2012, 2020, 2030, and even 2050 GHG emission targets, 
increased use of woody biomass may increase GHG emissions or may make small, 
medium, or significant contributions to lowering them. Another way to view this is that the 
carbon neutrality concept of sustainably produced biomass, which underlies the 
acceptance of the UNFCCC inventory approach for the KP, is true only over time periods 
which, in some cases, exceed the time horizons of the targets for whose achievement 
biomass is being recommended. Particularly cases where management change rather 
than land use change is involved, adoption for other bioenergy pathways of the Directive 
approach to biofuels would not resolve near-to-medium term targets concerns. The 
following sections explore this timing issue for a range of biomass sources in further 
detail. 
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3 Bioenergy deployment in Europe 
According to estimates used by DG TREN, the projected RES deployment in 2020 
will require the use of 195 Mtoe from biomass. The 195 Mtoe will be produced 
mainly from domestic biomass, i.e. 173 Mtoe of domestic solid biomass will be 
used in 2020, which is equal to 78% of the domestic EU potential. The remaining 
22 Mtoe will be imported, divided into 5 Mtoe of forest products and residues and 
16.9 Mtoe of biofuels. The energy generation from solid biomass and biowaste is 
projected to be 58% of the total renewable energy generation in 2020 (140 Mtoe of 
240 Mtoe) and it will cover 12% of the gross energy demand in the EU. 

The promotion of climate mitigation policies and the establishment of a renewable 
energy target are strong drivers for the demand of bioenergy in Europe. Several studies 
have analysed the possible deployment of the renewable energy market in the next 
decades, taking into account different policy scenarios, energy prices and technology 
development.  

In this study we considered the demand projections based on the PRIMES modelling 
and the renewable energy source (RES) deployment based on the GREEN-X model to 
be consistent with scenarios and assumptions considered by the European Commission. 
We analysed the most recent studies that take into account the current policy target in 
the Renewable Energy Directive (D on RES) (EC 2008, Resch et al. 2008, Ragwitz et al. 
2009). 

a) Energy demand 

The PRIMES projections forecast the future energy demand in Europe under different 
policy scenarios and energy prices (EC 2008) (Table 1).  

Among the PRIMES projections, there are: 

- A baseline scenario that includes current trends, policies already implemented 
and moderate energy prices. The share of renewable energy on the final energy 
demand is projected be around 13% in 2020. Even with high oil prices, the 
percentage of renewables is estimated to be 15% of the final energy demand; 
and  

- A new energy policy scenario that assumes the implementation of new energy 
efficiencies policies to reach energy and climate targets. Under this scenario and 
moderate energy prices, the final demand for renewables will be 20% of the final 
energy demand. Therefore, it is necessary to implement new policies to reach 
the 20% target set in the D on RES.  

The total primary energy demand for renewables is today covered mainly by the 
domestic primary production in the EU. The net imports of RES in 2005 were only 1% of 
the primary energy demand. However, the imports need to increase to 9% of the primary 
energy demand in 2020 to comply with the 20% target (new energy policy scenario). 
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Table 1 Energy production and demand in 2005 and 2020 according to PRIMES 

Year 2005 2020 
Scenario Baseline  New Energy Policy  
Oil price  61$ bbl-1 100$ bbl-1 61$ bbl-1 100$ bbl-1 
EU primary production (Mtoe) 896 725 774 733 763
Oil 133 53 53 53 52
Natural gas 188 115 113 107 100
Solids 196 142 146 108 129
Nuclear 257 221 249 218 233
Renewables 122 193 213 247 250
Net imports (Mtoe) 975 1,301 1,184 1,033 962
Oil 590 707 651 610 569
Natural gas 257 390 330 291 245
Solids 127 200 194 108 124
Renewables 1 3 8 23 24
Primary energy demand (Mtoe) 1,811 1,968 1,903 1,712 1,672
Oil 666 702 648 608 567
Natural gas 445 505 443 399 345
Solids 320 342 340 216 253
Renewables 123 197 221 270 274
Nuclear 257 221 249 218 233
Final energy demand (Mtoe) 1,167 1,348 1,293 1,185 1,140
% Renewables on final energy demand 8.9% 13.1% 15% 20% 21%

Source: EC 2008 

 

b) RES deployment 

The future deployment of renewable energy in EU-27 has been quantified by several 
projects with the GREEN-X model that forecasts the deployment of RES in a real policy 
context. The potential supply of energy from each technology is described at country 
level analysed by means of dynamic cost-resource curves (http://www.green-x.at). 

In this study, we considered the final results of the “Employ-RES” project up to 2020 
(Ragwitz et al. 2009). The RES deployment is projected under the PRIMES policy 
scenario and high energy prices (100$ bbl-1 in 2020), because, under these conditions, 
the demand for renewable energy matches the 20% RES target. As a term of 
comparison, in a business as usual (BAU) scenario the RES share in the final gross 
energy demand would be 13.9% in 2020. In the policy scenario, improvements of the 
support conditions for RES are preconditioned for all EU countries, including a removal 
of non-financial deficiencies and the implementation of feasible energy efficiency 
measures.  

In the policy scenario, the RES will reach a 20.4% of final (gross) energy demand in 
20204 (239.5 Mtoe, Table 2). The D on RES includes an additional target for biofuels that 
will have to reach 10% on the demand for diesel and gasoline. In the projections the 
share of biofuels will reach 8% of transport fuel demand in 2020, corresponding to a 
10% of diesel and gasoline demand. 

                                                 
4 The final energy demand used in the Employ-RES report is slightly different but fully comparable to the 
data presented in EC 2008. 
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Concerning biomass, the allocation of biomass resources to the various sectors and 
technologies is based on feasible revenue streams under a specific policy scenario. The 
projections to 2030 show a saturation of the bioenergy growth due to limitations of 
domestic resources and the presumed limitation of alternative imports from abroad 
(Ragwitz et al. 2009). 

Table 2 RES deployment in EU-27 

Mtoe % on generation categoryGeneration category 
2006 2010 2020 2020 

RES-E - Electricity generation 
Biogas 1.5 2.2 7.1 7%
Solid biomass 4.9 8.3 15.6 16%
Biowaste 1.2 2.0 2.9 3%
Geothermal electricity 0.6 0.6 0.7 1%
Hydro large-scale 26.0 27.2 28.0 29%
Hydro small-scale 4.0 4.5 5.3 5%
Photovoltaics 0.2 0.3 1.7 2%
Solar thermal electricity 0.0 0.1 1.2 1%
Tide & wave 0.0 0.2 0.5 1%
Wind onshore 8.4 14.0 24.9 25%
Wind offshore 0.3 0.8 10.1 10%
RES-E total 47.0 60.2 98.2
RES-E CHP 5.2 8.3 16.2 16%
share on gross demand (%) 16.4% 19.6% 32.4%

RES-H - Heat generation 
Biogas (grid) 1.5 1.6 1.9 2%
Solid biomass (grid) 5.3 9.2 20.8 19%
Biowaste (grid) 2.4 3.6 5.2 5%
Geothermal heat (grid) 0.8 0.9 1.5 1%
Solid biomass (non-grid) 49.7 53.8 65.7 59%
Solar therm. heat. 0.8 1.6 8.3 7%
Heat pumps 0.8 1.3 8.2 7%
RES-H total 61.3 72 111.6
RES-H CHP 7.1 10.7 18.2 16%
RES-H distr. heat 2.9 4.7 11.2 10%
RES-H non-grid 51.3 56.7 82.2 74%
share on gross demand (%) 10.4% 11.9% 21.7%

RES-T - Biofuel generation 
Traditional biofuels 3.7 6.8 11.4 39%
Advanced biofuels 0 0 1.3 4%
Biofuel import 0.4 2.5 16.9 57%
RES-T total 4.1 9.3 29.7
share on gross demand (%) 1.1% 2.4% 8.3%
share on diesel and gasoline demand 
(%) 

1.4% 2.9% 10.0%

 
RES TOTAL 112.4 141.5 239.5

Source: Ragwitz et al. 2009 
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c) Biomass potential 

The RES deployment in Employ-RES is based on a domestic availability of biomass of 
221 Mtoe yr-1 in 20205. The types of domestic fuels are: agricultural products and 
residues, forestry products and residues and biowaste. The share of domestic fuels is 
divided in: 30% of agricultural products, 32% forestry products, 14% of agricultural 
residues, 16% of forestry residues and 8% of biowaste. In addition, forestry imports 
equal to 5% of the domestic available biomass are included.  

In 2006, the EEA estimated the environmental potential of bioenergy in Europe. The total 
potential was estimated to be 234.2 Mtoe in 2020 (Table 3). The potential in the different 
sectors is: 41% from agriculture, 17% from forestry and 43% from waste. The 
differences with the potential in the RES deployment studies are mainly due to a 
different classification of biomass. In the EEA study agricultural residues, demolition 
wood, waste wood and black liquor, manures and sewage sludge are included in the 
waste sector. In the RES deployment studies, only the biodegradable fraction of 
municipal waste is considered a biomass source from waste. When a similar 
classification is adopted in the EEA study, the biomass potential in Europe in 2020 is 39-
47% from agriculture, 45-53% from forestry and 8% from waste, i.e. the share is 
comparable to the RES deployment studies. 

Other studies report similar estimates. For instance, a study by Siemons et al. (2004) 
reports a total bioenergy potential of 210.3 Mtoe in 2020 in EU-27. 

Table 3 Environmental bioenergy potential in Europe 

2010 2020 2030 Sector 

Mtoe 
Agriculture 47.0 95.0 144.0 
Forestry Total without comp. 42.6 39.2 39.0 

Regular felling residues 14.9 15.9 16.3 

Additional fellings and 
their residues 

27.7 23.3 22.7 

Competitive use of wood 2.0 16.0 
Waste 99 100.0 102.0 

TOTAL 188.6 234.2 285.0 
Source: EEA 2006 

 

According to the estimates of the Employ-RES project, energy generation from solid 
biomass and biowaste is projected to be 58% of the total renewable energy generation 
in 2020 (140 Mtoe of 240 Mtoe). Therefore biomass will cover 12% of the gross energy 
demand in the EU. The biomass energy generation will require 195 Mtoe that will be 
mainly produced from domestic biomass, i.e. 173 Mtoe of domestic solid biomass will be 
used in 2020, which is equal to 78% of the domestic EU potential. The remaining 22 
Mtoe will be imported, divided into 5 Mtoe of forest products and residues and 16.9 Mtoe 
of biofuels. 
                                                 
5 “Biomass data has been cross checked with DG TREN, EEA and the GEMIS database” (Ragwitz et al. 
2009) 
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When looking at global biomass potentials, Howes et al. 2007 report that biomass 
production potential varies between 33 and 1,135 EJ yr-1 (786-27,024 Mtoe yr-1). The 
high variability is due to the assumptions that are made of land availability and yields. 
The actual biomass resource depends on several factors (accessibility, costs, etc.). The 
global technical potential of land-based biomass supply in 2050 is estimated to be 60-
1,100 EJ yr-1 (1,430-26,190 Mtoe yr-1) (Bauen et al. 2009). A significant contribution to 
the total biomass use in developed countries is given by biomass imports. In North-West 
Europe and Scandinavia biomass imports are 21-43% of the total use, including intra-
European trade. In the longer term, the total traded biomass commodities could reach a 
total amount of more than 100 EJ, with Europe as a net importer (Bauen et al. 2009). 
These data suggest that the contribution of biomass imported from non-European 
countries could play a more relevant role than what suggested by the projections 
considered by the European Commission. 
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4 The mitigation potential of bioenergy 
According to the principle of carbon neutrality, the GHG emissions produced by 
combustion of plant biomass are assumed to be re-captured instantaneously by 
new growing plants. When the raw material is wood, the time needed to re-absorb 
the CO2 emitted in the atmosphere can be long, depending very much on the 
source of wood. Therefore bioenergy can create an atmospheric “carbon debt”. 

The research studies on bioenergy potential and the potential deployment of RES 
calculate the CO2 emissions avoided by renewables based on the amount of displaced 
fossil fuels. The assessment is usually based only on the conversion efficiency of RES 
technologies.  

An exhaustive GHG emission estimate should apply the principles of a Life Cycle 
Assessment (LCA) that take into account both direct and upstream emissions, like 
transport and the use of materials and energy for manufacture at all stages (EEA 2008). 
The calculations are made for both the original fossil fuel system (reference system or 
baseline) and the renewable energy system and the results from the two systems are 
compared to assess the GHG benefits or costs. Such an analysis should consider the 
emissions at all stages (Figure 2). 

A type of emission that has been rarely taken into account is the carbon that is released 
in the atmosphere when the biomass is combusted. These emissions are usually 
neglected because they are only temporarily released in the atmosphere and later 
recaptured by re-growing biomass. Therefore biomass is considered carbon neutral. 
According to the principle of carbon neutrality, the GHG emissions produced by 
combustion of plant biomass are assumed to be re-captured instantaneously by new 
growing plants. This assumption is acceptable when the same amount of biomass that 
was burned will re-grow in a very short time as for annual crops. When the raw material 
is wood, the time needed to recover the CO2 emitted in the atmosphere can be quite 
long, on the order of magnitude of decades. It is the same principle valid for a bank loan. 
The borrowed money is used in the first year to buy a product, but it is repaid to the bank 
in a certain time frame. The time needed to re-absorb the “carbon debt“ from woody 
biomass depends very much on the source of wood. Factors to be considered are: the 
previous land use and management, the productivity of the trees that influences the time 
needed to biomass re-growth and the previous use of the raw material, if any. 

The new climate change policies and the EU Renewable Energy Directive (D on RES) 
could be a strong driver for an increased use of biomass. Biomass resources, which 
would not have been used without the new policies, will be used to produce energy. This 
means that carbon that would have been stored in the biosphere in a ‘without policy’ 
baseline scenario will be released into the atmosphere as CO2 as soon as the biomass 
is combusted. In the very short term, this amount of emissions going to the atmosphere 
would be the same as the emissions produced by a fossil fuel based energy system with 
similar conversion efficiency (Ceff) and similar emissions per unit of energy. The fossil 
fuel with emissions per unit of energy most similar to biomass is coal.6  

                                                 
6 However, most of the fossil fuel systems are more efficient than biomass energy systems, i.e. for the same 
amount of fuel used they produce more energy. In addition, fossil fuels other than coal produce more 
emissions per unit of energy derived from the fuel. Oil produces 20% less emissions than biomass to 
produce the same amount of energy (Ceff=0.8), while natural gas produces 40% less emissions (Ceff=0.6).  
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Figure 2: Processes in bioenergy and fossil reference systems 

 

With time the emissions may be recaptured by re-growing biomass, but in the context of 
EU and KP climate change targets, a short term benefit, in terms of emission reductions, 
needs to be achieved.  

It is estimated that the RES deployment considered by the European Commission will 
require 173 Mtoe of domestic solid biomass and 22 Mtoe of imported biomass in 2020. 
The sources of biomass will vary a lot, from agricultural residues to additional fellings 
from forest. In the short and the medium term, the real climate mitigation potential of the 
different materials will depend a lot on the time frame needed to recapture the emissions 
released from the combusted biomass. 
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4.1 Carbon neutrality factor 
The extent to which the use of bioenergy reduces GHG emission can be quantified 
with a Carbon Neutrality (CN) factor. The CN factor is defined as the ratio between 
the net reduction/increase of carbon emissions in the bioenergy system and the 
carbon emissions from the substituted reference energy system, over a certain 
period of time. The CN is time dependent and it includes emissions from carbon 
stock changes. 

Schlamadinger and Spitzer (1994) introduced 15 years ago the concept of a Carbon 
Neutrality Factor (CN) to quantify to the extent to which the use of biomass for energy 
reduces GHG emissions.  

A similar approach is used in the D on RES. The D on RES provides instructions on how 
to calculate the GHG emission savings from the use of biofuels (EC 2009). The D on 
RES simplifies the calculation of emissions due to carbon stock changes in the 
biosphere. For one thing, it takes into account only emissions from land use changes, 
but not from management changes. In addition, it assumes constant land use change 
emissions over a 20 year period and therefore an unchanging relative improvement over 
use of fossil fuels, regardless of the time horizon of targets.  

The CN factor is defined as the ratio between the net reduction/increase of carbon 
emissions in the bioenergy system and the carbon emissions from the substituted 
reference energy system, over a certain period of time: 

[1] 
[ ( ) ( )] ( )

( ) 1
( ) ( )

r n n

r r

E t E t E t
CN t

E t E t

−
= = −  

Where: 
Er(t): carbon emissions of the fossil energy reference system, between 0 and t years 
En(t): carbon emissions of the new bioenergy system, between 0 and t years. 

a) CN <0, if the emissions from the bioenergy system are higher than the emissions 
from the fossil fuel system.  

b) CN =0, if the emissions from the new bioenergy system are equal to the 
emissions from the reference system.  

c) CN =1, if the bioenergy system produces zero emissions in comparison to the 
reference system.  

d) CN >1, when the bioenergy system produce a carbon sink in the biosphere. 

Production chain emissions (e.g. cultivation, transport, processing, etc.) are not included 
in the CN concept. In the CN, the emissions produced by changes in carbon stocks (EC) 
when biomass is removed are compared to the emissions produced by the fossil fuel 
burnt. 

The EC component (tCO2eq.) is given by the difference in C stock in living biomass, both 
above and below ground7, and in non-living biomass (dead wood, litter and soil) over a 
specified time period. Carbon stocks are measured before removal of biomass (C0, tC - 

                                                 
7 Live fine-roots are normally considered part of the soil pool because they can not be distinguished from soil 
carbon. 
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baseline) and then after removal at some specified time t (Ct, tC – bioenergy system)8. A 
constant factor is used to convert the carbon into CO2 emissions (a=3.664) 

[3]    0( )C t tE C C a C a= − × = Δ ×  

When carbon in biomass replaces the same amount of carbon in fossil fuels (biomass 
replacing coal), the CN factor is equal to: 

[4]    
bioenergy

t

r

t

C

C

tE

aC
tCN

Δ
−=

×Δ
−= 1

)(
1)(  

Where Cbioenergy is the amount of carbon in the biomass used for bioenergy after t years. 

The EC is time dependent. When a new management – such as increased harvesting or 
removal of residues – is introduced or a land-use change occurs, the C stock in the 
system is modified until a new equilibrium is reached (Figure 3). The long-term EC is the 
difference of carbon stock in biomass and soil between the baseline and the new 
equilibrium. However, most of the emissions due to management or land-use changes 
occur in the initial years. In a forest system, where additional biomass is harvested and 
burnt to produce bioenergy, there is an immediate loss of biomass carbon stocks equal 
to the amount of biomass extracted (ΔCBt =Cbioenergy=CB0-CS0) as shown in Figure 3. The 
re-growth of biomass reduces, over time, the initial carbon loss (at year t1, ΔCBt=CB0-
CB1). At the same time the reduced dead wood and litter inputs results in a loss of 
carbon in the soil and litter pools (ΔCSt). The total EC at time t is equal to the total carbon 
loss in the biomass and the soil at time t in comparison to the baseline (ΔCBt+ΔCSt) . 

The time-dependency of EC results in a time dependent CN factor (Figure 4): 

1) 01)( 0 =−=
bioenergy

bioenergy
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C
tCN  

2) 
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tCN 11
1 1)(

Δ+Δ
−=  

If in Figure 3 at time t1, the carbon stock loss compared to the baseline (ΔCBt1+ΔCSt1) is 
assumed to be 40% of the amount of biomass used for bioenergy (Cbioenergy), CN at time 
t1 is equal to 0.6.  

3) If the carbon stock change, ΔCBt1+ΔCSt1 is equal to or less than zero (no change or 
a carbon sink), CN would be equal to or greater than 1: 

CN(t) ≥ 1 if 0t tCB CSΔ + Δ ≤  

In the following sections the principle of bioenergy carbon neutrality is discussed with 
examples that will illustrate the development in time of the CN factor for different 
bioenergy sources. The following examples will be described: 

- Residues from managed forests 
- Additional fellings from managed forests 
- Bioenergy from new tree plantations 

                                                 
8 Normally the litter is considered a separate pool, but for the purposes of this discussion we will consider 
litter as part of the soil carbon pool 
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Figure 3 Carbon stock changes in biomass (ΔCBt) and soil (ΔCSt) due to additional 
biomass extraction and their change over time. Black lines: baseline carbon stock; Red 
lines: carbon stock in biomass when additional biomass is extracted; Blue line: carbon 
stock in soil and litter when additional biomass is extracted. CB0=biomass C stock in the 
baseline; CB1= biomass C stock after biomass re-growth at year t1; CS0 = soil C stock in 
the baseline; CS1= soil C stock after t1 years. 

 

 

Figure 4 Development of the carbon neutrality factor (CN) over time, based on Figure 3 
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4.1.1 Residues from managed forests 
When harvest residues, previously left on the forest floor, are extracted for 
bioenergy, there is a carbon stock loss in the dead wood, litter and soil pools. It 
was estimated that the mitigation potential of such bioenergy material in a 20 year 
time horizon is reduced by 10-40% by this loss (CN=0.6-0.9). 

The following analysis is based on Schlamadinger et al. (1995) and Palosuo et al. 
(2001). 

One of the possible strategies to increase the biomass available for bioenergy is to 
collect the forest residues that are usually left in the forest after harvesting. Depending 
on the site, a certain amount of residues can be extracted from the forest without 
compromising soil fertility and therefore forest production (EEA 2006). If this amount of 
residues is utilized as bioenergy source, the emissions due to the management change 
are limited to the carbon stock changes in the dead wood, litter and soil pools 
(Schlamadinger et al. 1995, Palosuo et al. 2001). 

When residues are left on the forest floor, they gradually decompose. A great deal of the 
carbon contained in their biomass is released over time into the atmosphere and a small 
fraction of the carbon is transformed into humus and soil carbon. When the residues are 
burnt as bioenergy, the carbon that would have been oxidized over a longer time and 
carbon that would have been stored in the soil is released immediately to the 
atmosphere. This produces a short term decrease of the dead wood and litter pools that 
is later translated into a decrease of soil carbon. 

The following paragraphs present two published studies that analysed the effect of 
removing harvest residues from forests where the residues were previously left on site: 

1) A constant annual removal of harvest residues from selective logging 
(Schlamadinger et al. 1995) 

2) Removal of residues from clear cut at the end of a 100 year cycle (Palosuo et al. 
2001) 

In Schlamadinger et al. (1995) the effect of annual residue removal from a temperate or 
boreal forest was analysed. Every year 2/3 of harvesting residues (0.3 tC ha-1yr-1) are 
extracted from a forest where selective harvesting has been taking place. The soil 
carbon is assumed to be in equilibrium when removal of logging residues starts at time 
0.  

Figure 5 compares the carbon in the residues removed annually and used to replace 
fossil fuel to the annual loss of carbon in the litter and soil due to these removals. At time 
0 the removed biomass for bioenergy corresponds to an equal loss of carbon in the litter 
(0.31 t ha-1). With time the soil and litter carbon tends to reach a new equilibrium and the 
losses tend to zero.  

Based on this figures, the Carbon Neutrality factor (CN) of logging residues used for 
bioenergy was calculated (Figure 6). The CN factor at a certain time (t) represents the 
average CN of all the residues that have been extracted from year zero to year t.  
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Figure 5 Carbon in removed biomass and carbon stock loss in litter and soil on a yearly 
basis (from Schlamadinger et al. 1995). 

 

Figure 6 Carbon neutrality factor for burning logging residues for energy production (CN). 
The CN is calculated by comparing the carbon emissions in the soil ad litter due to the 
additional residue extraction (Ecosystem) to the total amount of saved emissions in the 
replaced fossil fuel (FF saved). 
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The CN is calculated by comparing the carbon loss in the soil ad litter due to the 
additional residue extraction to the total amount of carbon in the replaced fossil fuel. The 
replaced fossil fuel is assumed to be equal to the total biomass of residues that replaces 
it, i.e. the biomass replaces coal that has similar conversion efficiency and carbon 
emission rates. In this case, 

[5]    0( )
1 t

r

C C
CN

B t

−
= −

×
 

Where: 
C0= carbon stored in litter and soil at time 0 (baseline) 
Ct = carbon stored in litter and soil at time t, when residues are extracted 
Br = carbon in the residues that are annually extracted  

The results show that after 20-25 years the CN factor is about 0.6, meaning that 60% of 
the bioenergy used to replace fossil fuels is carbon neutral. In other words, it would be 
justified to assign no emissions to 60 percent of the bioenergy emissions, but in the case 
of the other 40 percent, an emission factor equal to that of coal would be appropriate. 

The assumption used in equations [5] that the carbon emission rate or energy produced 
per ton of carbon of replaced fossil fuels is equal to the emission rate of residues used 
for energy is quite optimistic and is only approximately correct in the case of the 
substitution of coal. If we assume that 1 tC from residues can replace: 

- 0.8 tC of oil, the CN of residues in the above case after 20 years would be 
equal to 0.5;  

- 0.6 tC of natural gas, the CN of residues after 20 years would be equal to 0.3. 

When wood waste is used for bioenergy instead of being discarded in landfills, the 
conclusions can be comparable if the decomposition rates in landfills are similar to the 
ones in forests soils. However, the wood in landfills usually decomposes slower than in 
the forest. In this case the CN of bioenergy would be lower in the short and medium term 
and, from the perspective of GHG emissions, it would be better to land-fill the waste 
wood. 

A second case study was presented by Palosuo et al. (2001) for 1 ha of forest in Finland 
that is clear cut after a 100 year rotation cycle. The study assesses the effect of residue 
removal at the end of the rotation period on the litter and soil carbon. An average carbon 
decrease of 11% over the 100 year period was assessed, when the residues are 
removed. It was also calculated that 90% of the carbon in the residues left on site is 
released to the atmosphere after 20 years, i.e. the CN for a specific lot of residues 
removed at year 20 is equal to 0.9.  

In Schlamadinger et al. the CN is calculated as the average for all residues annually 
removed over a certain period. When the CN is calculated for residues removed only 
once, by using the same modelling approach, the CN reaches a value of 0.8 by year 20. 
Therefore the figures are comparable to those presented in Palosuo et al. and they show 
how different chosen boundaries can influence the final results.. 

The calculations reported above refer to boreal or temperate forests. The decomposition 
rates (k) may vary substantially when the residues for bioenergy are imported from other 
regions. A review of litter decomposition rates shows that they increase with 
precipitation, temperature and latitude and they are lower for coarse dead wood than for 
fine litter (Zhang et al. 2008) (Table 4). In Schlamadinger et al. (1995) it was calculated 
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that the same residue material with higher decomposition rates have a lower carbon 
neutrality factor. 

When the residues extracted are coarse dead wood (e.g. stumps, branches), another 
factor needs to be considered. Part of the dead wood would not start decomposing 
immediately and the amount of carbon that is released in the atmosphere per year is not 
equal to1 k− . Only a fraction of the carbon decomposes (e.g. 0.05 yr-1 for coarse dead 
wood, Palosuo et al. 2001) and the rest remains as a carbon pool in the forest. When the 
stumps are removed this slower decomposing pool must be accounted as a loss 
equivalent to the extraction of more logs. As a consequence the CN of stumps used for 
bioenergy will be much lower than CN of fast decomposing residues after the same time. 
The consequences of these slower rates are presented in the following section. 

It is also assumed that the removal of residues does not affect soil fertility and therefore 
the growth of tree biomass. However, over a certain amount of residue extracted, soil 
fertility could be altered and negatively affect the overall forest carbon balance. 
Additional concerns to residue extraction are linked to the decrease of deadwood in the 
forest and the negative impacts that this decrease could have on biodiversity and water 
retention of the forest floor. 

Table 4 Regression of litter decomposition with geographic, climatic factors and litter 
quality variables. T= mean annual temperature; P= mean annual precipitation; LAT= 
latitude; LIGN:N= lignin:N ratio; TN= total nutrient; C:N = carbon:nitrogen ratio 

Variable/regression N. R2 
Climatic/geographic factors  
k = 0.0016 + 0.0447 T 163 0.288 
k = -0.065 + 0.0001 P + 0.044 T 163 0.3 
k = -0.4744 + 0.0081 LAT + 0.0586 T 163 0.301 
k = -0.353 + 0.0063 LAT - 0.00005 P + 0.06 T 163 0.305 
Litter quality variables  
k = 0.946 - 0.011 LIGN:N 141 0.131 
k = -0.131 + 0.268 TN 68 0.388 
k = -2.307 + 0.029 C:N + 0.524 TN 68 0.702 
k = -2.132 + 0.031 C:N - 0.006 LIGN:N + 0.495 TN 68 0.733 
Combination  
k = -0.308 + 0.026 T + 0.205 TN 68 0.467 
k = -2.484 + 0.026 T + 0.0287 C:N + 0.461 TN 68 0.781 
k = -2.935 + 0.0003 P + 0.021 T + 0.0315  68 0.805 
k = -4.131 + 0.023 LAT + 0.063 T + 0.032 C:N + 0.517 TN 68 0.875 
Source: Zhang et al. 2008 
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4.1.2 Additional fellings from managed forests 
It was assessed that additional fellings for bioenergy can produce a decrease of 
the overall C stock in the forest that significantly affects the GHG balance of the 
bioenergy material. In the short-medium term (20-50 years), additional fellings 
could produce more emissions in the atmosphere than a fossil fuel system 
(CN<0). In such a case, the use of additional fellings would produce only very long 
term benefits, in the order of magnitude of 2-3 centuries.  

An increased demand for biomass for bioenergy could require increasing the amount of 
fellings from managed forests (additional fellings). A EEA study (EEA 2006) assessed 
that 19.6 Mtoe of energy could come from additional fellings in the year 2020 in 
European forests. The potential corresponds to an additional biomass extraction of 44 
Mt per year in 21 European countries (EU-21) in 2020 and takes into account 
environmental constraints.  

European forestry statistics shows that currently the amount of annual fellings is lower 
than the net-annual increment (NAI). Fellings constitute on average 61% of the NAI in 
the EU-21 and a total amount of 433 Mm3 was extracted in 2005 (MCPFE 2007)9. The 
FAO reported 425 Mm3 of wood removals in EU-21 in 2005, 85% of which was industrial 
wood and the rest fuelwood (FAO 2006). By applying an average wood density of 0.45 t 
m-3, 191-195 Mt of wood was removed in 2005 in EU-21 compared to a net-annual 
increment of about 320 Mt yr-1. If an additional amount of wood, equal to 44 Mt yr-1, is 
extracted every year, the annual fellings would increase to 75% of the NAI in EU-21. 

This additional amount of extracted biomass could produce a decrease of the overall 
carbon stock in the forest biomass and in the soil in comparison to a “no increase in 
removals” baseline. The effect would be similar to the one described in the previous 
section for forest residues but it would be much greater. The carbon losses would not be 
limited to the soil and litter pools, but would include losses to the above ground live 
biomass pool.  

The decrease of the biomass is initially equal to the amount of wood that is extracted. If 
we assume that every year the same amount of additional harvested wood is taken out 
of the forests (44 Mt yr-1), forest growth and litter inputs to the soil would be modified. 
The forest system would slowly tend to a new equilibrium with a lower above ground 
biomass stock and lower soil carbon stock.  

 

The following paragraphs illustrate what occurs when harvest thinning are increased on 
1 ha of forest in Austria. The GORCAM model has been used to simulate the effects of 
increased thinnings against a baseline scenario. The baseline scenario is a forest on a 
60 year rotation period. Wood is removed two times by thinnings at years 20 and 40. 
Each thinning operation extracts 18 t ha-1 of biomass, while the final harvest removes 
270 t ha-1. In the increased-thinnings scenario it is assumed that the amount of wood 
removed by thinnings is 30 t ha-1, for a total of 60 t ha-1 in each rotation period. The final 
harvest remains the same (270t ha-1). 

Figure 7 presents the difference of the carbon stock in the two systems. The increase of 
thinnings produces a decrease of carbon stock in the forest pools. The decrease of stock 

                                                 
9 For Austria, Portugal and Spain the data of 2000 have been used 
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is greatest during the first 150 years and is partially and slowly compensated by the re-
growth of trees. The soil is the slowest pool and it takes a very long time before it 
reaches a new equilibrium (approximately 300 years). In all, the total C stock is lower 
than in the baseline.  

If the extracted biomass is used to replace fossil fuels, then there is a net benefit to the 
atmosphere if the cumulative emissions due to the management change are less than 
those would have occurred if the biomass were not used to substitute fossil fuels. Figure 
8 shows the development of emissions in the forest ecosystem compared to the fossil 
fuel emissions avoided by using bioenergy. The first graph (A) assumes that the fossil 
fuel and the bioenergy system have the same conversion efficiency and the same CO2 
emissions per unit of energy produced. Even in this case, the bioenergy system will 
produce more emissions than the fossil fuel system for a long time. The bioenergy 
system will start to produce an atmospheric benefit only after 250 years (CN ≥ 0). 
Bioenergy from additional fellings will produce an emission benefit even later if fossil 
fuels with fewer CO2 emissions per unit of energy, like gas, are substituted (Figure 8B). 
In this case a benefit will be achieved only after 300 years.  

Therefore in the short-medium term (20-50 years), additional fellings from already 
managed forests could produce more emissions in the atmosphere than a fossil fuel 
system and the CN will be negative for centuries. The use of additional fellings would 
produce only very long term benefits and it could be supported only when a long-term 
emission reduction target is considered, i.e. as an investment for future generations. 
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Figure 7 Decrease of carbon stock in the tree biomass, litter and soil when thinning 
removals are increased. Tree: aboveground tree biomass; AG litter: aboveground litter; 
BG litter: belowground litter; Roots: belowground tree biomass; Soil: soil carbon stock. 
The black line represents the percentage reduction of C stock in comparison to the 
baseline (% Change). 
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Figure 8 Additional CO2 emissions, when additional harvesting is introduced in 1 ha of 
forest in Austria (Ecosystem). Cumulative emissions are shown and compared to the 
saved emissions in the substituted fossil fuel (FF saved). The CN factor shows when the 
emissions due to change of management are higher (CN<0) or lower (CN>0) than the 
baseline. (A) substitution of coal; (B) substitution of natural gas. 
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This example has illustrated the change of management on 1 ha of forest. When a 
rotation forest system is considered, each year a new patch of forest is cut to provide a 
constant supply of wood for bioenergy. The CN factor of this kind of system shows a 
similar development over time as the 1 hectare-system, but the CN is negative for a 
longer period. For bioenergy substituting coal, the CN will become positive about 25 
years later (Figure 9).  

This study does not take into account that the total forest carbon stock could stay 
unaffected when fellings are increased, because of a change of forest growth rate. To a 
certain extent, the forest can positively react to fellings when they reduce competition 
between trees and produce an increase of the net-annual increment per single tree. 
Additional fellings could also affect wood that, under a less intensive management, 
would be lost by disturbances as pests and storms and higher natural mortality rates 
(Nabuurs et al. 2008). It is also claimed that additional fellings can reduce forest fires. 
However, in European forests, where most of the fires are human-induced, it is difficult 
to assess to which extent this could happen. 

In addition, the adoption of different management strategies in European forests could 
combine increased fellings for bioenergy in certain areas with afforestation and nature-
oriented management in others. The result could be a shorter time period to recover the 
initial debt due to increased wood removals (e.g. 50 years) (Nabuurs et al. 2006).  

Figure 9 Additional CO2 emissions, when additional harvesting is introduced in a rotation 
forest in Austria of 60 hectares (Ecosystem). In a 60 year rotation period, 1 ha of forest is 
cut each year to provide a constant wood supply. In comparison to Figure 8, the curve is 
smoothed and the CN line is continuous because of the constant annual wood extraction 
and the constant annual supply of bioenergy. Cumulative emissions are shown and 
compared to the saved emissions in the substituted fossil fuel (FF saved). The CN factor 
shows when the emissions due to change of management are higher (CN<0) or lower 
(CN>0) than the baseline. It is assumed that biomass substitutes coal.  
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4.1.3 Bioenergy from new plantations 
The GHG balance of biomass from new plantations should include the C stock 
change due to the conversion from the previous land use (direct and indirect). The 
biomass source can be carbon neutral when the C stock change is zero or 
positive (e.g. conversion from abandoned croplands). If there is an initial carbon 
loss (e.g. conversion from a forest area), the biomass will produce an atmospheric 
benefit only after that the C stock change is fully compensated by the amount of 
avoided emissions in replaced fossil fuels. 

New tree plantations established for the purpose of bioenergy production and climate 
change mitigation can be a third source of biomass (short rotation plantations or long-
rotation forests). In this case, the trees would not have been there without the new 
policies and they are grown for the purpose of being used for energy at the end of the 
rotation period. Since the wood harvested is grown where there would not have been 
wood in a baseline scenario, there is no loss of biomass in comparison to the baseline 
when it is harvested and combusted. 

On the other hand, C stock changes due to the conversion from the previous land use 
still occur and they can be positive (C sequestration) or negative (C loss). The C stock 
change assessment must include the difference between the carbon stock in the above 
and below ground biomass and soil before and after conversion. The effect of indirect 
land use changes should also be taken into account. 

The C stock changes can vary a lot depending on the previous land use: 

a) When cropland is converted to a tree plantation the “direct” carbon losses are 
limited to soil carbon losses due to site preparation. The temporary decrease of soil 
carbon stock, if any, is soon recovered and followed by a net increase of soil 
carbon due to higher litter inputs from trees than from crops (Guo and Gifford 
2002). Therefore, the initial soil losses can be neglected. The belowground 
biomass stock increases, too. In this case, the biomass used for bioenergy will be 
carbon neutral or positive from the beginning (CN ≥ 1). However, this positive “on-
site” balance can be offset by carbon losses due to indirect land use change. For 
instance the crops previously grown on the land and used for food will be grown on 
other lands, possibly causing deforestation in other areas (see point c).  

b) In permanent grasslands, the soil and the belowground biomass carbon stocks can 
be much higher than in croplands. Therefore, a few years are needed to recover 
the initial carbon loss (5-10 years). Depending on the initial carbon loss and the 
productivity of the new tree plantation, the carbon balance could be positive even 
during the first rotation period (e.g. conversion of degraded grassland) or it could 
be initially negative and then turn positive. In most of the cases, the biomass 
extracted to produce bioenergy will have an atmospheric benefit since the 
beginning (CN ≥ 0)10 and will become carbon neutral in a few decades (CN ≥ 1). 

                                                 
10 An atmospheric benefit occurs as soon as the CN is greater than zero. When the biomass reaches, for 
example, a CN of 0.8, replaced fossil fuel emissions will be reduced by 80 percent. Full carbon neutrality – 
i.e., the condition where no emissions can be attributed to combustion of biomass, is not achieved until the 
CN reaches 1. 
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Different results could be linked to the conversion of grasslands with high carbon 
stocks.  

c) If a forest area is clear cut to be replaced by a tree plantation used for bioenergy, 
an initial carbon loss equal to the forest biomass should be accounted for. The 
bioenergy produced from the clear cut forest and the new plantation has a GHG 
benefit only after that the carbon stock change is fully compensated by the same 
amount of avoided emissions in replaced fossil fuels. The changes in the litter and 
soil pools should also be added to the overall balance. In Schlamadinger and 
Marland (1996), the carbon loss from the conversion of 1 hectare of mature forest 
to short-rotation forestry (SRF) is compensated after 40 years, when natural gas is 
substituted. The example considers an initial forest C stock of 160 tC ha-1 and a 
new rotation period of 7 years in the SRF. Fossil fuels substituted by bioenergy and 
fossil fuels saved by substituting energy intensive materials with wood products are 
included to assess the compensation period. If only the fossil fuels substituted by 
bioenergy are accounted, the losses are compensated after 45 years, i.e. CN ≥ 0 
after 45 years. The paper adopts a simplified approach to calculate the carbon 
losses in soil (including roots) and litter. A constant decrease of soil and litter C 
pools for a certain time period is assumed.  

A similar case study has been developed here, using the GORCAM model, to 
include simple equations to simulate decomposition in litter and soil and the 
change of root biomass. As in Schlamadinger and Marland, the initial aboveground 
C stock of 160 tC ha-1 is harvested and used for long-lived and short-lived wood 
products (30% and 25% respectively) and for bioenergy (22%). The wood 
extracted every 7 years from the new short rotation forest is all used for bioenergy 
(80% of aboveground biomass). The improved simulation of the carbon stock 
changes in the soil, litter and roots, significantly changes the results presented in 
Schlamadinger and Marland (Figure 10). The bioenergy extracted from 1 ha of 
short rotation forest compensates the carbon losses due to the land use change 
after 70 years when natural gas is substituted (Figure 10A). Therefore, after 70 
years, the bioenergy starts to produce an atmospheric benefit (CN ≥0). When a 
rotation forest system is considered (each year a patch of forest is cut to provide a 
constant supply of bioenergy), the CN factor is negative for almost 80 years (Figure 
10B). 

The results are strongly influenced by the assumptions made. When the 
conversion affects a forest with higher carbon stock, the period needed to 
compensate the land use change emissions is longer. For instance, if a mature 
forest of 275 tC ha-1 is cut and replaced by a SRF, the period of compensation is 
170 years. Similarly, if the new plantation has a longer rotation period of 60 years, 
150-200 years are needed to offset the initial C loss, depending if the wood from 
the plantation is all used for bioenergy (150 years) or if part of it is used for wood 
products (200 years).  

In the Renewable Energy Directive, the sustainability criteria state that raw materials 
used for biofuels cannot be obtained from areas that were converted from land with high 
carbon stocks (forests, wetlands) or with high biodiversity values (highly biodiverse 
grasslands, primary forests). In addition, the land use change emissions are accounted 
for, when assessing the GHG emission performance of biofuels compared to fossil fuel.  
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Figure 10 Cumulative CO2 emissions when a mature forest is converted to a short-rotation 
forest on a 7 year rotation period (Ecosystem + HWP). The plantation follows harvest of a 
mature forest of 160 MgC ha·'. The wood from the initial harvest of the mature forest is 
used for wood products (HWP, 55%) and bioenergy (22%). Cumulative emissions are 
shown and compared to the saved emissions in the substituted fossil fuel (FF saved). The 
substituted fossil fuel is natural gas. The CN factor shows when the emissions due to land 
use change are compensated by the saved fossil fuel emissions (CN≥0). When CN>0, the 
bioenergy produces a net GHG benefit in the atmosphere. In diagram A, only 1 ha of forest 
is converted. Diagram B describes the conversion of 70 ha of forest to short-rotation 
plantation, when 10 ha are harvested each year.  
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In principle, if similar criteria would be applied to woody biomass, the land-use change 
emissions described above could be taken into account. Therefore, biomass that comes 
from areas converted from forests (or other lands) with high C stock would be 
discouraged or forbidden. However, in practice, not all the conversions can be classified 
as land-use changes because of the definitions adopted under the climate policy 
agreements. For instance, a SRF or a palm plantation usually complies with the 
definition of forest under the KP. Therefore, no land-use change may have to be 
reported when it replaces a forest with higher carbon stock if similar definitions would be 
applied under the Directive. This kind of problem could be solved by including 
management changes in the equation. 

4.1.4 Summary of the mitigation effect of different sources of wood 
bioenergy  

The previous sections explained that different sources of biomass for bioenergy can 
have very different climate change mitigation potentials according to the time horizon 
that is considered. Table 5 summarizes the CN factors of the previously illustrated 
examples for different time horizons. There is forest biomass that can produce a GHG 
benefit in the atmosphere from the beginning of its use but it is not carbon neutral (forest 
residues or wood from new plantations on lands with low carbon stocks previous to 
conversion). Other sources of woody biomass will require a long time before producing a 
GHG benefit in the atmosphere (additional fellings or new plantations in areas converted 
from high C stock ecosystems). Some other sources can be carbon neutral from their 
initiation (new plantations in areas converted from abandoned cropland that do not 
produce indirect land-use change).  

Table 5 CN factors calculated in this study for different source of wood biomass on 
different time horizons, when biomass substitutes coal. When biomass substitutes oil the 
CN must be reduced by 0.2 and by 0.4 when it substitutes natural gas. The reported figures 
assume that no indirect land-use change occurs. 

CN Source of biomass 
20 years 50 years 300 years Notes 

Forest residues 
(constant annual 
extraction) 

0.6 0.7 0.9 Always positive, but not C 
neutral 

Additional thinnings <0 <0  0.2 Atmospheric benefit after 
200-300 years 

New forests:     
- conversion from 
cropland 

≥1 >1 >1 C neutral 

- conversion from 
grasslanda 

>0 to ≤1 ≥1 ≥1 Positive in the short-term, 
becomes C neutral in 1-2 
decades 

- conversion from 
managed forest to SRC 

<0 <0 0.7 Atmospheric benefit after 
70 years 

- conversion from mature 
forest to SRC 

<0 <0 0.4 Atmospheric benefit after 
170 years 

- conversion from 
managed forest to a 60 
year rotation plantation 

<0 <0 0.3-0.7 Atmospheric benefit after 
150-200 years 

a The conversion of natural grasslands with high C stock in soil and biomass can produce more 
emissions and reduce the mitigation potential of the bioenergy produced after conversion. 
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The illustrated examples are based on various assumptions and the values of CN can 
change as assumptions change. For instance, the biomass from areas converted from a 
forest to a bioenergy plantation can have a worse carbon balance and therefore a lower 
CN if the initial carbon stock is higher than the assumed 160 tC ha-1, as in natural or 
mature forests. The calculated CN factors are not representative for all the woody 
biomass feedstocks that are planned to be used to meet the renewable energy targets of 
the EU. A more in-depth analysis that would consider average assumptions 
representative for the different feedstocks should be implemented. However, this study 
shows that some of the feedstocks included in the RES deployment projections should 
not enjoy a zero emission status in the accounting systems. In the short-medium term, 
wood material as forest residues could have a mitigation potential that need to be 
discounted by 30-40%, when only carbon stock changes are considered (41% of the 
bioenergy potential assessed by EEA). Additional fellings from existing forests could 
even produce more emissions than fossil fuels (59% of the bioenergy potential assessed 
by EEA). 

In addition, results would be improved by including the positive effect that increased 
fellings can have on forest growth rates and on reducing natural mortality rates. The 
extent to which carbon stock changes could be counteracted by combined management 
strategies as forest conservation or afforestation should also be assessed.  

The reported figures do not take into account the emissions in the production chain and 
their effect on the overall mitigation potential of bioenergy. The inclusion of production 
chain emissions would produce a further decrease of the emissions reductions 
attributable to bioenergy.  

The study also does not take into account the impact of the change in surface albedo on 
climate change. The albedo of a surface is the extent to which it reflects light from the 
sun. Depending on its colour and brightness, a change in land surface can have a 
positive (cooling) or negative (warming) effect on climate change. Planting coniferous 
trees as a climate mitigation measure has been questioned in areas with snow since the 
darkening of the surface (decrease in albedo) may contribute to warming. Sequestration 
due to forest growth and albedo changes may compensate each other, tending towards 
a slight warming effect over the very long term (250 years) (Schwaiger and Bird 2010). 
Therefore the albedo effect might contribute to worsen the bioenergy climate change 
mitigation potential when the wood feedstock would come from new planted forests. 
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5 Policy Options to Address Current Accounting Gaps  
A number of approaches currently under discussion in UNFCCC fora, the EU, and 
among concerned stakeholders and experts could address the spatial or temporal 
gaps identified in the previous chapters. 

The previous sections have suggested that there are two major gaps in current 
accounting of GHG emissions due to the use of bioenergy. The first, discussed in 
Section 2, is a gap in spatial coverage. This gap resulted from adoption of an Inventory 
methodology designed for a system in which all nations report into systems in which only 
a small number of countries have emission obligations, i.e., the KP and the EU-ETS. 
The second is a failure to differentiate between a system in which very long time 
horizons are relevant – efforts to mitigate climate change over the long term – and 
systems concerned with shorter-term horizons such as the EU 2020 and 2050 targets. 
Since the KP adopted the UNFCCC Inventory Guidelines without considering these 
differences, current accounting systems’ difficulties in addressing the time-dependency 
of biomass’ carbon neutrality can also be traced to this decision. 

Approaches currently under discussion that could address the spatial or temporal gaps, 
at least to a limited extent, include the following: 

1. More inclusive accounting of emissions from the land-use sector 
2. Value Chain Approaches, including use of sustainability criteria 
3. Point-of-use accounting 

The following sections briefly describe and evaluate each of these. While all of them are 
primarily intended to address problems that have emerged due to the difference in 
spatial boundaries, point-of-use accounting can address the time delay between use of 
biomass for energy and regrowth. Both value-chain and point-of-use accounting hold 
end-users responsible for emissions. Since the time horizon over which emissions due 
to land-use and management changes should be calculated is open to debate, CN 
factors offer an attractive avenue to address the time-variance of carbon neutrality with 
respect to targets. Adoption of CN factors in both the EU-ETS and the renewable energy 
Directive would result in market demand matching the true GHG profile of biomass used. 

In the following review of options to address accounting gaps global accounting of land-
use emissions is not included as it is not considered to be a realistic option within time 
frames of interest to current EU policy. Further, the discussion of sustainability criteria is 
confined to sustainability from the perspective of GHG emissions. Criteria and issues 
relevant to, e.g., sustainability of water supply or biodiversity are not considered. 

5.1  Account for a wider range of land-sector emissions  
Inclusion of a larger portion of the earth’s land base in accounting system can 
reduce the areal gap identified in Section 2. However, short of full global 
inclusion, these approaches can only make limited contributions. 

Two major avenues for fuller accounting of land-sector emissions have been under 
consideration in UNFCCC fora. 

1. Increase the types of activities whose emissions must be accounted  
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2. Adopt a mechanism to support REDD+ 

These two mechanisms are appropriate for Annex-I (or countries adopting GHG 
obligations that include the land sector) and non Annex-I countries, respectively. 

A third option is also reviewed: 

3. Replace the current activity-based approach with unified carbon accounting 
(referred to in some papers as land-based accounting).  

This approach is included due to the significant simplifications it would bring to 
accounting for land-sector emissions, the current openness of the climate agreement 
process, and its compatibility with atmospheric accounting approaches. 

5.1.1  Widen mandatory accounting of land-sector activities  
Widening the land-sector emissions that must be reported by Annex-I countries 
would be a useful step but would have only a limited impact. 

Under the current KP, Annex-I countries are only obligated to include net emissions due 
to afforestation, reforestation and deforestation (ARD). They may also opt-in, on a 
voluntary basis, to include activities named in Article 3.4, e.g., emission reductions due 
to management of forests, croplands and grasslands. Widening the number of activities 
whose emissions must be counted would be a straightforward extension of the current 
regime. A first step might be to render Article 3.4 mandatory as has been proposed in 
meetings taking place within the UNFCCC process (UNFCCC 2008a). Stakeholders 
have also called for inclusion of wetland management. 

From the perspective of biomass-for-energy, mandatory accounting of emissions due to 
forest, wetlands, and peatlands management would be the important additions and 
would close the primary gaps in areal coverage of land-sector emissions within the EU. 
However, the approach involves a continual series of agreements on which activities 
should become mandatory. For instance, currently inclusion of emissions from wetlands 
faces resistance, partly due to the comparative uncertainty in measurements. 
Consequently while agreement on mandatory inclusion of forest management might be 
reached in upcoming negotiations, each new activity requires new negotiations. 

If bioenergy continues to enjoy the ‘zero emissions’ accounting procedure under the KP 
and EU-ETS, extension of the activities whose emissions must be reported would have 
the advantage that carbon-stock draw-downs attendant on dedication of biomass to 
energy would be reported. This would result in an accounting system more consistent 
with the emissions actually entering the atmosphere. However, this step would only 
address the gap in the EU – or in other Annex-I nations participating in an extension of 
the KP. It would not address the much larger areal gap that is the primary concern of 
Searchinger et al. (2009) and other stakeholders in the biofuels community. This larger 
gap results from the lack of GHG emission obligations in non-Annex-I countries where 
the vast majority of land-sector emissions originate11. A step towards addressing this 
gap may be taken with the adoption of REDD+. 

                                                 
11 As of 2008 approximately 1.2 billion tonnes (1.2 Pg) of carbon, or 12 percent of total CO2 emissions were 
due to land use change. Brasil and Indonesia alone accounted for 0.9 million tonnes of these emissions 
(http://www.globalcarbonproject.org/carbonbudget). 
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5.1.2 REDD+ (Reduced Emissions from Deforestation, Degradation, 
and other activities) 

Although REDD+ has garnered significant support and engendered considerable 
enthusiasm, its contribution to closing the accounting gap is likely to be limited to 
the reduction in biomass-for-energy demand it causes through price increases.  

REDD+ is considered to be one of the few ‘winners’ from the recent COP-15 in 
Copenhagen (www.globalcanopy.org). Under the Copenhagen Agreement, Annex-I 
countries committed themselves to provide additional, predictable and adequate funding 
to developing countries, specifically mentioning REDD+ as an action to receive support 
(UNFCCC 2009). COP 11 in Montreal initiated a process to consider whether emissions 
from deforestation (RED) could be addressed within the KP. Initially focused on 
deforestation, in fall of 2008 a meeting of experts concluded that it would also be 
possible to include avoided degradation in a mechanism (UNFCCC 2008b), thus leading 
to the acronym REDD. As demonstrated by the text of the Copenhagen Accord 
(UNFCCC 2009) further stakeholder pressure, including by the United States, has led to 
expanding the mechanism to include forest conservation, the third activity generally 
understood to be designated by REDD+.  

While REDD+ will encourage emission reduction efforts and lead to more robust 
estimates of land-sector emissions in non-Annex-I countries, its potential to reduce the 
accounting gap identified in section 2.1 is limited. Limitations stem from (1) the design of 
the mechanism itself, (2) from the unlikelihood that all developing countries will adopt or 
reach REDD+ targets, and (3) due to emission sources not included in the mechanism. 
From the point of view of bioenergy, it is also important to recognize that REDD+ will (4) 
directly compete with meeting bioenergy targets. REDD+ will raise both land costs and 
the cost of removing biomass from forests.  

Looking at the first issue, the accounting gap could only be reduced to the extent that 
REDD+ play a role in accounting systems of nations having GHG emission obligations. 
That is, the carbon stock changes will have to enter into a system in which emissions are 
tallied. The most likely avenue for this is through issuance of credits for REDD+ 
achievements, credits that are then used by nations with GHG emission obligations to 
assist these. Such credits, even if issued and used, will only offer a ‘soft’ attempt to close 
the gap. Credits will almost certainly be based on reductions relative to a national 
baseline. Thus, REDD+ will, at best, only provide information about the difference 
between carbon stock changes at a national level under REDD+ and changes under a 
presumed business-as-usual case or historic emissions. There is no obvious way in 
which this information could be used to balance, or assess the degree of balance 
between, bioenergy emissions in Annex-I nations and carbon stock changes in 
developing countries. 

Turning to issue (2), it is unlikely that REDD+ will be adopted across the globe. 
Consequently, international leakage will be a problem. Adoption of REDD+ in some 
nations can, and very likely would, be accompanied by increased deforestation and 
degradation, and decreased forest conservation in other nations. To the extent that this 
occurs, REDD+ would only address the gap in areal coverage to the extent that it lowers 
demand by raising prices. Since, however, both the United States and Europe drive 
bioenergy energy demand through mandates, it is more likely that land conversion will 
simply move around the globe and the cost of meeting biofuel or bioenergy mandates 
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will increase. These mandates, in turn, will raise costs of REDD+ by increasing the 
opportunity costs of all lands with potential to produce biomass for energy. 

Restricting imports of biomass-for-energy to nations that have adopted and achieved 
REDD+ goals is unlikely to reduce the leakage problem. Even if all major importing 
nations including, e.g., China, took part in such a ban – unlikely in itself – a ban would 
only lead to biomass-for-energy coming from ‘REDD+’ countries but increasing amounts 
of food, feed, and fiber would come from (with attendant land use changes) from non-
REDD+ nations where land prices remain lower. The legality of such a ban under WTO 
regulations would, in any case, need to be established. 

REDD+ will, as mentioned in (4), inevitably increase land prices (as well as costs of 
biomass extracted from forests). This is a direct result of money flowing into forest 
conservation, making conversion of forest land more expensive. Since land for food and 
feed often comes from conversion of forestlands, REDD+ will compete directly with 
meeting these, increasing, demands as well as with meeting bioenergy demand. The 
more successful REDD+ is, the more it will raise costs of these products. Similarly, the 
more countries adopt bioenergy goals or mandates, and the higher these are, the more 
expensive REDD+ itself will become. 

If sufficient money flows into REDD+, the consequent food cost increases due to 
restrictions in conversion of forest land to agricultural land could render the cost 
increases attributed to U.S. ethanol mandates trivial in comparison. However, and 
particularly as land and food costs rise, nations are likely either to refuse to adopt 
REDD+ or will simply fail to achieve the targets unless these are set sufficiently low to 
accommodate rising food, feed, fiber and bioenergy demand. If set at such low levels, 
the targets will be meaningless. Thus, at best, REDD+ will dampen demand or supply of 
biomass-for-energy from developing countries. However, this dampening will most likely 
be due to rising prices. 

Turning finally to (3), as currently understood, REDD+ falls well short of bringing the full 
range of land sector emissions into climate agreements. Key activities that are not 
covered include activities that cause emissions (or emission reductions) in wetlands, 
peatlands, and agricultural lands. Emissions from peatlands in non-Annex-I countries are 
a particular source of concern. Emissions from peatlands drained to grow palm trees or 
other crops are particularly high. A study by peatland expert Hans Joosten, for example, 
concluded that 580 million tonnes CO2 were emitted from drained peatlands in Southeast 
Asia (Joosten 2009)12. Emissions from peatland drainage occur for decades to centuries 
once inaugurated. Consequently, this is another instance where taking account of 
emissions due carbon losses from lands remaining in a current use would be critical. 

5.1.3 Unified Carbon Stock Accounting (UCSA) 
Under unified carbon stock accounting, land-sector emissions would be estimated 
across all managed lands without restriction to specified activities. While having 
considerable advantages over the current approach, if only applied in Annex-I 
countries it will suffer the same major limitation as widening mandatory activities. 

Currently, as mentioned in subsection 5.1.1, emissions from the land-use sector are 
calculated only insofar as they are linked to specific activities which cause them. This 

                                                 
12 Total CO2 emissions in 2008 were 31.9 billion tonnes. 
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activity-based approach was, to a large extent, the result of the late acceptance of land 
use in the KP. The decision to allow reductions in emissions from land use to contribute 
to targets was made after targets had been set based only on emissions from other 
sectors. Due to the widely differing contributions that nations could expect from their land 
bases, it was agreed that only emissions and removals due to specified human activities 
were to be included. As a result, unlike all other emissions sources, the land sector is not 
listed as a Sector/Source in Annex A of the KP. 

An alternative to the current activity-based accounting system would be to estimate, and 
include in accounting, all stock changes on managed lands without regard to the activity 
resulting in the emissions. Under this approach, carbon stock changes would be treated 
in the same manner regardless of whether they result from a land use or a management 
change. In effect, Articles 3.3 and 3.4 of the KP would be removed and the land sector 
would become a sector source as is the case for all other emission sources (UNFCCC 
2008b). This approach is referred to hereafter as unified carbon stock accounting. 

There is currently wide resistance to unified carbon stock accounting. However, it has a 
number of important advantages that, in the long run, might outweigh current resistance. 
From a bioenergy perspective, the most important advantage is that it would 
automatically, with one agreement, close the areal gaps in Annex-I countries. Other 
advantages include its relative simplicity and its high compatibility with atmospheric 
accounting (see section 5.3). Resistance seems to be grounded in the understandable 
reluctance to change from the current system as well as in the difficulties in, or rather 
range of uncertainties among, making estimates of emissions from the full use of land 
management and change options. That is, there is, for example, considerably greater 
ability to measure emissions due to deforestation than to do so for emissions due to 
draining wetlands or re-wetting them or to some agricultural land management changes. 

UCSA simplifies accounting of land-sector emissions in a variety of ways. First it 
removes the need to define what constitutes specified human-induced activities such as 
deforestation or reforestation. Similarly it removes the need to define land categories 
such as forest land or wetland. All of these definitions have proved difficult and have led 
to the anomaly that what qualifies as deforestation in one nation does not qualify in 
another. Since IPCC Inventory guidelines are designed to provide for complete 
accounting of carbon stock changes across managed lands, the approach could be 
applied both in Annex-I and in developing countries. Further, a UCSA approach would 
provide an incentive to improve estimates of emissions from a range of sources in both 
Annex-I and developing countries. 

UCSA would resolve the accounting gap attendant on the activity-based approach in 
Annex-I countries insofar as biomass originates in Annex-I countries. Emissions due to 
extraction of biomass can come from a very large array of activities, including activities 
that occur on lands remaining in the same use, and activities whose emissions are not 
currently included in Annex-I country accounting even within Article 3.4, e.g., peatland 
management. Under UCSA, emissions from all managed lands would enter the 
accounting system, and any land from which biomass were removed for bioenergy 
would automatically qualify as managed land. Thus, as long as the biomass originated in 
Annex-I countries, the reductions in carbon stocks would appear in accounts in the same 
time frame (actually before) the emissions due to their combustion. In fact, one way to 
tackle the gap caused by the current assignment of zero emissions to combustion of 
biomass is to combine UCSA in Annex-I countries with CN factors for biomass 
originating in nations not having GHG emission obligations (see section 5.3.3). 
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5.2 Value-chain accounting 
Under value-chain approaches impacts along the entire series of steps - resource 
extraction or cultivation, transportation, and conversion to a final product – are 
taken into consideration. In the context of climate mitigation, only GHG emissions 
along this value chain are relevant. The EU RES Directive’s requirements for 
biofuel are an example of a value-chain approach. 

The increasing use of biofuels by Annex-I countries has, in particular, raised questions 
regarding of responsibility for impacts along biofuel value chains. Impacts due to land-
use and management changes, including impacts on food prices, tropical forests, and 
GHG emissions have been of particular concern. Increased food prices in a range of 
developing countries in 2007 caused food riots which were attributed in part to 
dedication of U.S. corn to ethanol (www.environmentalgraffiti.com/business). Commodity 
price increases, or the reduced availability of U.S. soy due to switching from soy to corn 
production, were also believed to have triggered increases in land used to produce 
soybeans in Brazil. Production of oils for biodiesel to meet EU demand has also led to 
concerns. Oils often originate from drained peatlands in Southeast Asia. In this case 
concern stems from the very high emissions. Peatland contain up to 1,450 tonnes of soil 
carbon per hectare (Biello 2009),13 carbon that is oxidized when the soils are drained. 
Questions about the advantage, from a GHG perspective, of ethanol from biomass other 
than sugar cane, have resulted in pressure to include consideration of GHG emissions 
that occur during conversion of biomass to fuel. 

Stakeholder discussions have, as a result of these concerns, sought for ways to hold 
Annex-I country users of biofuels responsible for a range of impacts. As evidenced by 
the EU Renewable Energy Directive (D on RES) prohibitions on sourcing biomass from 
areas with high biodiversity, in addition to GHG emissions, stakeholders have, non-GHG 
concerns regarding impacts at the first step of the biofuel production chain – production 
or extraction of the biomass. However, as far as climate is concerned, only GHG impacts 
are relevant, i.e. the GHG emissions resulting from production, transport, and conversion 
of biomass. Holding users responsible for such ‘value-chain’ emissions can be referred 
to as end-user responsibility for embodied emissions.  

End-user responsibility for embodied emissions represents a significantly different 
approach than the one taken in the UNFCCC Guidelines and KP. As mentioned in 
Section 2, under these reporting and accounting systems a nation is only responsible for 
emissions occurring within its borders, not for emissions embodied in imports. However, 
as shown by Figure 1, this approach fails to hold Annex-I nations responsible for their 
balance-of-trade in GHG emissions. Thus, an end-user approach potentially has 
application far beyond biofuels. 

A system in which end-uses were responsible for emissions embodied in products might 
have considerable advantages. The production pathways – i.e. resource extraction or 
cultivation, processing, and transportation paths – with the lowest overall emissions 
would have an advantage in the global market and would presumably gain market share. 
Importing countries with GHG obligations would have a ‘built-in’ incentive to purchase 
goods with low GHG-profiles. The power of purchasers to alter production practices has 
been demonstrated in the forest sector. Sustainable forestry initiatives operate primarily 

                                                 
13 Some old growth forests on wetlands in the tropics and U.S. and Canadian Pacific Northwest have, for 
purposes of comparison some 500 to 700 tonnes per hectare. 
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through convincing purchasers to only buy wood certified as coming from sustainably 
managed forests, and some 90 percent of industrial forest land in the United States is 
now certified under the Sustainable Forestry Initiative (Richards et al. 2006). Placing 
responsibility for efficient or low-GHG production processes on the purchasers might 
prove an effective approach. 

In spite of attractive features, there has been insufficient discussion of consumer-
responsibility approaches in climate change discussions to enable a more in-depth 
evaluation of their pros and cons. The only products for which consumer-responsibility is 
currently required are bioenergy products. As yet these discussions are not occurring in 
the context of international climate agreements but only in the context of instruments 
such as the D on RES and a possible U.S. cap. 

5.2.1  The EU Renewable Energy Directive (D on RES)  
The Renewable Energy Directive’s (D on RES) specifications regarding biofuels 
represent a value-chain approach. EU distributors of transportation fuels serve as 
the point for determining compliance with Directive specifications which prohibit 
use of lots that do not meet the specifications. 

The Directive sets criteria with which biofuels must comply to satisfy national RES 
obligations. The criteria consist of a mix of prohibitions on origin of the biomass and 
GHG-emissions ratings which biofuels must satisfy to be eligible for use. The GHG-
emission ratings include emissions throughout the value chain and entities importing and 
distributing biofuels are responsible for ensuring that the biofuels comply with the 
specifications. This is thus a system that places responsibility for emissions on the 
country using the product, not on the country where the emissions occur. The use of 
prohibitions within the D on RES – including the prohibitions on biomass origin and the 
specification of minimum GHG emissions – distinguishes it from value-chain approaches 
that simply hold end-users responsible for the emissions. Approaches that, by rendering 
end-users responsible, increase the price of products with high-embodied GHG 
emissions, but do not impose restriction on them may be more acceptable under WTO 
regulations. See sections 5.3.2 and 5.3.3 for further discussion of such approaches. 

To be eligible for compliance with the D on RES, a biofuel consignment’s GHG profile 
must be calculated. Emissions due to cultivation of biomass, direct land-use change, 
conversion to a fuel, and transportation must be included. No attempt is made to include 
emissions due to indirect land use change at this time. Only biofuels whose GHG 
emission profile is at least 35% (current) to 50-60% (2017-2018) lower than the fossil 
fuels they replace can be used. Emissions from direct land use change must be 
annualized over 20 years. This is a sufficiently short time frame so that biomass grown 
on land converted from forests, wetlands or recently drained peatlands would generally 
fail to meet the criteria as long as actual emissions are used.14 However, this method of 
calculating GHG emissions does not address the problem of emissions from extraction 
of biomass where lands remain in the same land use. In particular, the formula does not 
address emissions due to increased extraction of wood from forests already used for 
wood supply. As shown in Section 4, the ‘value’ of such biomass from the perspective of 
its contribution to reductions in GHG emissions within the time frame relevant to the 

                                                 
14 Thus from a GHG perspective, the prohibitions on biofuels whose biomass originates from such lands, are 
most likely redundant with the time stipulations in the GHG emission calculation. 
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RES, e.g., the 2020 targets can vary greatly. Use of wood for energy from forests 
already in use is more likely to occur in the case of use of biomass for heat and power 
than for biomass for biofuels, at least in the near- to medium-term. Consequently, the 
formula would need to be expanded to cover emissions from lands remaining in the 
same use if it were to be applied more generally. 

While GHG emission reductions are only one goal of the D on RES, this paper has 
shown that there are significant differences, from a GHG perspective, between use of 
forest residues, short-rotation plantations and increased harvests from forests typical of 
Europe. Some sources of wood, particularly increased harvests in European forests – or 
forests with similar growth rates – might make no significant contribution to reducing 
GHG emissions within the time frame of the RES targets. Thus, to the extent that GHG 
emissions are a concern for the EU, calculations of the GHG profiles of biomass-used-
for-energy should reflect these differences. Particularly if guidelines are prepared 
covering use of biomass for energy more generally, i.e., for bioenergy pathways other 
than biofuels, inclusion of emissions from land remaining in the same use would be an 
important addition to the current approach. In effect, there is no justification, from a GHG 
perspective, of distinguishing between carbon losses, or emissions, that occur due to 
land use or land management changes. 

5.2.2 Sustainability Criteria 
One of the goals of the D on RES criteria for biofuels is to ensure the 
sustainability of biomass production. While theoretically attractive, application of 
sustainability criteria can run into hurdles due to information requirements and 
difficulty agreeing on specifics. 

The RES applies specifications intended to insure sustainability to specific ‘lots’ to fuel. It 
is thus a ‘project-level’ approach. However, it is also possible to apply sustainability 
criteria at the national level. Both of these options are reviewed below. 

GHG sustainability in the case of biomass is, essentially, a question of maintenance of 
carbon stocks. Except for biomass converted to extremely recalcitrant forms (e.g., fossil 
fuels or recalcitrant soil carbon), biomass oxidizes sooner or later, regardless of whether 
humans intervene or not. Thus, maintenance of carbon stocks entails sufficient biomass 
growth, over some time period and spatial area, to ‘make up for’ biomass oxidized. 
Requirements for biofuels to meet sustainability criteria consequently represent imposing 
responsibility for regrowth of biomass, e.g. for what occurs at the first step in a biofuel’s 
value chain – its cultivation.  

It is important to note that the GHG sustainability of biomass is not the same as its CN. 
CN is determined in relation to a business-as-usual carbon stock scenario and 
represents the extent to which fossil fuel emissions are ‘neutralized’15 through use of 
biomass. Particularly in the case of woody materials, biomass can be used in various 
energy pathways, substituting for fossil fuels with different emission profiles. In these 
cases, not only the time required for regrowth – including replacement of soil carbon 
losses – but also the fuel for which the biomass is substituted plays a role in its 
effectiveness in reducing GHG emissions. Moreover, as explained in Section 4, CN 
depends largely on time horizons. Woody biomass shipments that meet GHG 

                                                 

15Neutralized is here used to express the concept that fossil fuel emissions are balanced by removals of CO2 from the 
atmosphere, e.g., by increases in carbon stocks. 
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sustainability and CN criteria for a 2050 target might not meet similar criteria for a 2020 
target. Thus, even if criteria can be employed that ensure sustainability, they will fail to 
ensure carbon neutrality. 

Determining whether or not carbon stocks have been maintained depends, as 
mentioned, on the spatial and time boundaries selected. Globally, as has been the case 
at least since 1860 (Schlamadinger and Marland 2000), there is a net loss of terrestrial 
carbon stocks. While this loss is among the drivers for stakeholder interest in adoption of 
sustainability criteria, sustainability criteria that are being proposed do not operate at the 
global level. The two primary ‘areal’ boundaries most often proposed are project-level or 
national-level. Each of these has pros and cons. 

 

Project-level Criteria 

Requiring sustainability at the project level is attractive from the perspective of an 
individual entity in the business of producing and selling biomass for energy. Such an 
entity can usually ensure that, within the areas over which it has control or from which it 
is extracting carbon stocks, regrowth, over some time period, equals extraction. There 
are two problems with this approach: the difficulty of establishing what will qualify as 
sustainable and the problem of leakage. 

A very large range of plants that can be used for energy can grow under many soil, 
climate, and management regimes. This could render impractical establishment and 
verification of numerical values, such as time for regrowth – including replacement of soil 
carbon oxidized – which would reflect the GHG sustainability of individual biomass 
shipments. Possibly due to partly the difficulties of numerical approaches, ‘best practice’ 
guidelines have been suggested for determining sustainability. Such guidelines, while 
often including quantitative elements, e.g., rates of fertilizer application or slope angle 
above which erosion control measures are required, only provides ‘qualitative’ 
assessments of sustainability. A best practice approach is attractive on a number of 
grounds, including that it forms the basis of both EU and U.S. agricultural policy. 
However, selection of best practices requires considerable knowledge of local 
conditions. Knowledge would be needed not only in regard to practices governing 
production of wood and crops but also in regard to removal of residues, an area in which 
very little reliable data is yet available even in Annex-I countries. A best-practice 
approach also requires regular monitoring to ensure that the practices are being 
employed. However, within a system in which information is required for each lot of 
biomass, such monitoring is likely to take place in a more systematic way than under EU 
cross-compliance where less than 5 percent of farmers are checked annually (Farmer et 
al. 2007). 

Although best-practice approaches are not yet part of the KP, REDD+ discussions have 
highlighted the need to address underlying causes of deforestation and degradation 
(UNFCCC 2006b). Addressing such causes is likely to require policy changes or national 
measures, i.e. Policy & Measures (P&M) approaches. While best practices can be 
required at the project level, they also would fit well within national-level approaches 
including P&M, sectoral approaches, and NAMAs. All of these are under discussion and 
evaluation for inclusion in international climate agreements.  
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National-level criteria 

National-level approaches have the primary advantage of being able to address the 
problem of leakage within a nation16. Criteria that would insure sustainable growth in a 
given project area – i.e. criteria applied at the project level – do not guarantee that 
carbon stocks will not be drawn down elsewhere. This problem – particularly in the case 
of forests where conservation in one area tends to lead to harvesting elsewhere – was a 
factor in not accepting avoided deforestation as eligible for crediting under the Clean 
Development Mechanism (CDM). The CDM is a project-level approach and acceptance 
of a national-level approach was an important element in building support for a 
mechanism to address emissions from deforestation in the KP.  

Leakage is equally relevant where woody biomass that would have been used for some 
other purpose is to be used for bioenergy. Under these circumstances, the current RES 
criteria will not prevent leakage. The criteria in place – those that prevent biomass-for-
energy from originating in primary forests or from conversion of forests, wetlands, or 
peatlands – are likely to simply shift the purposes for which lands are converted. Forests 
that would have been converted to produce biomass for energy can, instead, be 
converted to agricultural land to provide food and feed. Imposing sustainability criteria at 
the project level can not address this problem. Thus, a national-level approach to 
sustainable criteria for biomass-for-energy may also be appropriate. 

Measuring sustainability at the national level is attractive both from the perspective of 
addressing domestic leakage17 and from the perspective of an importing country. An 
importing nation would only need to know the national situation in order to assign a CN 
factor to imports. This would be equivalent, for example, to use of national averages to 
determine the GHG emissions of imported electricity or to determine the improvement 
over current emission rates represented by a new power generation station. However, 
as suggested above, land-uses are interchangeable and biomass-for energy is only one 
source of reductions in carbon stocks. In fact, in many developing nations the vast 
majority of carbon stock draw-down is to obtain land to meet internal food security or 
food export goals. Such draw-down is occurring on a considerable scale. 

In the past decade, globally the area harvested for crops increased by some 70 million 
hectares while forest and pastureland decreased by over 100 million hectares 
(http://faostat.fao.org; http://www.fpl.fs.fed.us/documnts/pdf2000/young00a.pdf). Over 
the past decade world population increased by some 770 million and caloric intake per 
person is rising at some 0.35 percent per year. Demand for timber products has also 
increased in step with increasing population (http://faostat.fao.org.). It is thus reasonable 
to conclude that land use changes, and the resultant carbon stock reductions in many 
developing countries, are primarily a result of these drivers, not biofuel demand. Under 
these conditions, it can be questioned whether use of a national factor representing the 
carbon stock balance of a country to determine whether biomass-for-energy qualifies as 
sustainable is appropriate. The contribution of bioenergy demand to carbon stock 
reductions may be minor compared to other demands affecting land use. If the biomass 
for bioenergy comes from short rotation plantations established on lands that would not 
be used for agriculture it would in fact be contributing to carbon-stock increases.  

                                                 
16 A mechanism that addresses leakage within a nation is currently considered adequate because under the 
KP Annex-I nations are only held accountable for emissions within their borders. 
17 Since currently GHG emission obligations are confined to those occurring within national boundaries, 
proposed requirements to account for leakage are also confined to national boundaries. 
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5.3 Point-of-use Accounting (PoU) 
Under point-of-use accounting, emissions due to combustion of biomass would 
be assigned a non-zero multiplier (i.e., emission factor). Under conditions where 
not all nations cap emissions in all sectors, point-of-use accounting is likely to 
provide better incentives and dis-incentives than other systems. 

Just as inclusion of land use as a Sector/Source, i.e., UCSA, would bring the land-use 
sector into accord with how all other sectors are treated, assigning emissions from 
combustion of biomass their full CO2 value when determining target compliance would 
bring emissions from use of biomass-for-energy into line with other energy-sector 
emission sources. In the form usually proposed, combustion of biomass would result in 
emissions based on an emission factor close to that of lignite coal, e.g. 2.47 kg CO2 toe-1 
(Hong and Slatick 1994). The resulting emissions would be counted in a GHG target in 
the same manner as emissions from combustion of coal, petroleum products, natural 
gas, and waste materials. After reviewing this approach, two alternative ways to 
calculate emission factors at point-of-use are reviewed: calculating net value-chain 
emissions not covered by caps and use of CN factors. While not currently being 
discussed in climate negotiations, the attention to problems that have arisen due to the 
‘zero emission’ approach raised by recent papers, e.g., Searching et al. 2009 and 
DeCicco 2009, is likely to reopen the question of whether the ‘zero’ emission factor 
assigned to biomass approach should be abandoned. 

Under an approach that assigns emissions to combustion of biomass, removals of CO2 

from the atmosphere by plants can continue to be tallied in the land-use sector. 
However, carbon stock losses due to use of biomass for energy would no longer be 
counted in the land-use sector. Under simple point-of-use, all biomass emissions and 
removals are counted where they occur. Under point-of-use plus, removals of CO2 that 
are reported to end-users get credited in the energy sector, reducing the emission 
obligation for energy users. If CN factors are used, the time-pattern of both losses and 
removals is reflected in the factor. 

5.3.1 Point-of-use 
Under circumstances where many nations do not adopt emission caps, point-of-
use accounting provides a straight-forward way to avoid undue encouragement of 
the use of biomass for energy. It can also provide advantages to countries which 
export more biomass for energy or wood products than they use domestically. 

The pros and cons of accounting for biomass emissions and removals where they occur 
(referred to in the literature as the atmospheric flow approach in the context of harvested 
wood products) versus accounting for changes in carbon stocks (carbon stock approach) 
were investigated by a group of experts in 1997 (Apps et al. 1997). As long as a global 
perspective is adopted (i.e., stock changes are accounted for globally) and a long 
enough time horizon is contemplated, both approaches yield accurate accounts of 
emissions due to biomass oxidation and growth. This group of experts recommended 
use of the carbon stock change approach both on grounds of simplicity and because it 
seemed to result in a more desirable incentive system. They also recognized that 
selection between these two approaches determines in whose account emissions and 
removals would appear. At least partly due to their recommendation, the stock change 
approach was adopted. It is important to bear in mind that the recommendations were 
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based on global accounting i.e., the assumption shared by the IPCC Reporting 
Guidelines. 

Both the Searchinger and DeCicco papers focus on the real-world situation which has 
emerged since 1997. Under global accounting, Apps et al. showed that the stock-change 
approach would discourage deforestation, which was seen as one of the advantages of 
the stock-change system. However, since accounting does not, and in the foreseeable 
future will not, take place globally, the incentive system functions contrary to 
expectations. Since deforestation is primarily occurring in nations where accounting is 
not required, the system is failing to discourage it. Since, in addition, under the carbon-
stock system no emissions are assigned at the point of combustion, the carbon-stock 
system encourages nations with accounting obligations to import and use of biomass to 
replace fossil-fuels. In contrast, the point-of-use as also recognized by Apps et al., 
discourages bioenergy use. Under partial accounting this may be preferable to a system 
that not only fails to discourage deforestation but actually incentivizes it by encouraging 
bioenergy use. 

Moving to a point-of-use system would have both benefits and drawbacks. First, 
approach would have benefits for non Annex-I countries which grow more biomass than 
they use domestically. If point-of-use were adopted in conjunction with crediting in the 
land-use sector, developing nations could receive credits for the total amount of the 
biomass grown less the portion they use domestically. Loss of carbon stocks, and 
attendant emission, due to biomass exported would be the responsibility of the nation in 
which the biomass was combusted or otherwise oxidized. Thus, the system would 
represent a partial move toward user responsibility for emissions attendant on use of 
bioenergy. It is not a complete system because emissions due to processing, 
conversion, and transport outside of Annex-I countries would not be covered. 

There are some consequences of adoption of a point-of-use approach about which little 
is yet known. In particular more information is needed regarding the distribution of 
benefits and losses. Point-of-use accounting would have impacts on international trade 
in biomass, but modelling will be necessary to determine, for instance, whether there 
would be negative impacts on EU nations currently exporting significant amounts of 
wood. Considerations are that point-of-use accounting would encourage reuse of wood 
but also sale of wood to other countries both for bioenergy and as waste after its final 
use to avoid responsibility for emissions due to oxidation. Again, the GHG balance of 
these effects is unknown. 

Apps et al. pointed out one problem with a point-of-use approach. No system accounts, 
or envisions accounting, for CO2 respired by people or animals. Thus, in the case of 
biomass used for food and feed – including in the case of food and feed exported from 
non-Annex-I to Annex-I nations – credits would accrue even for annual sequestration 
resulting from plant growth but the emissions due to its oxidation in the digestive-
respiratory cycle would not be counted. Thus, statistics on food and feed consumption 
would need to be used to correct for this imbalance. 

One drawback of a point-of-use system is that it does not, by itself, distinguish between 
biomass whose conversion and transportation emissions are high or low. That is, it only 
accounts for carbon stock losses. Insofar as conversion, processing, and transportation 
occur in nations without caps, these emissions would continue to lie outside of the 
accounting system. Further, the emissions due to combustion of a tonne of wood will be 
the same regardless of whether the wood is residues, from short-rotation plantations, 
from deforestation, or from increased harvests in forests already used for wood. In 
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effect, there is no direct link between the user of biomass and source of carbon stock or 
other value-chain emissions. Thus, individual users of bioenergy – e.g., power plants or 
fuel blenders or distributors – have no incentive to select biomass with low embodied 
emissions or short regrowth cycle. The alternatives in the following two sections address 
these problems. 

5.3.2 Point-of-use-plus  
DeCicco (2009) proposes a system in which assignment of emissions to biomass 
used for energy is combined with tracking the emissions occurring along its value 
chain that occur in non-capped sectors or nations. One of his primary objectives 
is to create a system in which the emission cap on fossil fuels serves as the 
incentive to lower the GHG emission profiles of biofuels. 

DeCicco (2009) proposes a system that combines: 

1. An obligation on fuel distributors to submit permits to emit (allowances) based on 
the carbon content and use of biofuels. 

2. The opportunity to use a lower emission factor to calculate obligations if it can be 
justified by net removals (removals minus GHG emissions) along the entire value 
chain. 

For example, a distributor of biodiesel would calculate his obligation on the basis of 77 
gCO2 MJ-1 distributed. Reductions in this factor are allowed to the extent justified by net 
removals of CO2. Net removal calculations must take into account GHG emissions at all 
steps along the value chain in addition to the carbon sequestered by plant growth. 
Emissions due to cultivation, land use change18, conversion or other processing and 
transportation must be calculated. However, only those GHG emissions not covered by 
caps enter into reducing the emission factor. 

DeCicco’s paper is focused on transportation fuels but the system he proposes would be 
applicable to any bioenergy pathway. He starts by pointing out that under cap-and-trade 
systems some fuel-related emissions fail to be counted because “markets cross the 
boundaries of capped and uncapped sectors both domestically and internationally.” He 
mentions that missed emissions include not only many biofuel-related emissions but also 
fossil fuel production and refining emissions insofar as these occur in developing 
countries. His proposal is directed at encouraging accounting, under a cap, for the all 
uncapped emissions and emission reductions along the biofuel value chain. His system 
encourages rather than requires such accounting because he proposes that the 
submission of value-chain information be voluntary. 

DeCicco’s exclusive use of uncapped emission and sequestration emission sources to 
adjust the emission factor avoids double counting of both emissions and removals. Table 
6 below illustrates how this works. In this example it is assumed that the agricultural 
sector is not part of a cap-and-trade system, so with respect to obligations under that 
cap, sequestration and emissions in agriculture play no role. However, fossil fuels, 
including both those used in transportation and electricity are capped, as well as most of 
the emission due to production of fertilizer. Thus, from the original credit (737 x 103 

                                                 
18 DeCicco does not provide information on how emissions due to land use change would be calculated. He 
does suggest a fund to purchase forestland to address indirect land use change. Since this is a form of 
REDD+, this is not further addressed here.  
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tonnes), after accounting for uncapped emissions, 637 x 103 credits remain at the first 
step in the value chain or 31.2 kg CO2 per bushel. 

Table 6: Example of credits for corn from some farm 

103 tonnes CO2-eq. Item 
all uncapped 

CO2 absorbed (737.0) (737.0) 
Conservation tillage (12.7) (12.7) 
Fertilizer production 22.6 3.8 
Diesel fuel 10.0 - 
Propane 3.9 - 
Electricity 4.0 - 
N2O emissions 97.6 97.6 
Direct land-use 10.5 10.5 
Totals (601.1) (637.8) 
kg CO2-eq. per bushel (29.4) (31.2) 

Source: DeCicco, 2009. 

 

Uncapped emissions from the conversion as well as from transportation, to the extent 
that this occurs in nations without caps, are further deducted. Table 7 shows the results 
for corn processed in a nation with caps on fossil fuels. 

Table 7: GHG emission balance after refining 

103 tonnes CO2-eq. Item 
all uncapped 

Corn feedstock (637.8) (637.8) 
Electricity 24.9 - 
Natural gas 90.2 - 
CO2 from fermentation 240.5 240.5 
Totals (282.2) (397.3) 
kg CO2e MJ-1 (LHV) (63.0) (88.8) 

Source: DeCicco, 2009. 

 

As shown, the net credits are converted into grams per MJ. In a final step, emissions 
due to use of biomass for ethanol at the rate of 71.5 gCO2 MJ-1

 are subtracted, leaving a 
credit of 17.3 gCO2 MJ-1. Credits equal to 17.3 gCO2 MJ-1 in the ethanol he has 
purchased (i.e., 80.2 MJ gallon-1) can then be used to reduce the fuel distributor’s 
obligation for petroleum products he sells. 

Since in DeCicco’s system the submission of value-chain information is voluntary, only 
pathways where there would be a net credit would submit the information. However, a 
system could require submission of value-chain information. 

DeCicco considers that this system has the following advantages:  

 The cap itself functions to drive emission reductions along the entire chain.  
This occurs because distributors will offer higher prices for lower GHG-pathways as 
it reduces the number of allowances they need to submit. 

 Biofuels suffer no market disadvantage compared to other fuels under the cap.  
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This is because biofuels ‘non-reduced’ emission factor is equivalent to their carbon 
content, on an energy equivalent basis, to the fuels they substitute. 

 The rating system proposed avoids the need for full life-cycle analysis or information 
about multiple feedstock-fuel pathways. 
Information is only needed on GHG emissions throughout the value chain that are 
not accounted for elsewhere. 

 There is no need to distinguish between acceptable or unacceptable fuels or 
pathways. 

The system basically adds to the point-of-use approach an incentive to lower the GHG 
consequence of use of bioenergy. Since the system is voluntary it only closes the gap 
created by lack of caps in developing countries and lack of accounting across all 
managed lands in Annex-I countries to the extent that bioenergy pathways result in 
credits. However, if it were mandatory and if emissions due to indirect land use change 
were included, it would close the areal gap. Details of how carbon stock losses due to 
land use and management change were to be calculated would determine its 
completeness and impacts in relations to achievement of targets. 

5.3.3 Mandatory CN factors  
Use of a CN factor in Directives on renewable bioenergy could align bioenergy 
with its GHG consequences with respect to specified targets. CN factors could 
also be used to calculate biomass emissions within the EU-ETS, thus removing 
the undesirable effects of lack of coordination between the two systems.  

A CN factor incorporates all emissions due to changes in carbon stocks. Moreover, it 
compares the biomass emissions to emissions resulting from combustion of fossil-fuels 
in a time-relevant manner. Thus, use of CN factors by bioenergy users could, in 
principal, address both the areal gaps and timing issues that have emerged as a result 
of the combination of the use of a ‘zero emissions’ factor at the point of biomass 
combustion under the KP and EU-ETS with the lack of accounting for emissions due to 
land use change both in some instances in Annex-I countries and to the lack of emission 
obligations in developing countries. A CN approach also includes the following elements 
not included in the D on RES approach: 

• Emissions from land remaining in the same use  

• The relative advantage over fossil fuels at any specified point in time 

Currently neither CN factors nor the D on RES calculations incorporate emissions due to 
indirect land use change. If, or when, credible methodologies to estimate these become 
available, either approach could do so. 

Under the current bioenergy accounting systems of the KP and EU-ETS, emission 
reductions appear in calculations determining target compliance well beyond those 
supported by the CN factors of the biomass. The compliance regime registers a 100 
percent reduction in emissions compared to use of fossil fuels to produce the same 
amount of energy. As shown in Section 4, in the case of woody biomass, 100 percent 
reductions could occur only for certain types of biomass, namely from new plantations, 
or only occur in the case of fairly long time horizons. Where wood is used to replace 
petroleum or natural gas, emissions can actually be higher than they would be if the 
fossil fuel were used, at least in the short or medium term. Since CN factors calculate 
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the relative emission savings for all sources of biomass, use of CN-factor labelled 
biomass – together with mandatory use of the factor to determine emissions that need to 
be covered by allowances – would provide a straightforward way to calculate emission 
benefits relative to use of fossil fuels. This could then be translated into a bioenergy 
user’s allowance obligation. A user of bioenergy with a CN of 0.8, for example, would 
need to submit 20 allowances per 100 tonnes of CO2 emitted. 

As explained in Section 4, biomass removed for energy today will have a different CN 
factor in relation to a 2020 or 2030 target than biomass removed in 2018 or 2028. To 
address this problem within a CN-based system, one might use average CN factors over 
the time between the present and a selected target date for distinct sources of biomass. 
This would require reaching agreement on both the target date and what constituted a 
distinct biomass source. One problem that might arise, even if a single target date were 
agreed on within the EU, is that the acceptability of the date might be contested 
internationally. 

Use of the same target date to assess the CN of biomass sources from Annex-I and 
developing countries would raise a set of difficult issues, issues shared by the D on RES 
requirement to average emissions from land use change over 20 years. Annex-I nations 
converted their native forest in the past. Consequently they can, in many cases, produce 
and extract biomass from lands whose land-use-change emissions no longer enter into 
either a CN or 20-year calculation. Thus, to use the same annualization period or target 
date can be viewed as a reversal of the normal interpretation of the ‘differentiated 
responsibilities’ concept: Annex-I countries do not have to account for emissions that 
developing countries do. 

Since Annex-I lands that were converted from natural forests have been producing crops 
and wood products for hundreds of years, the same could be expected on lands 
currently being converted from natural forests or peatlands in developing countries. 
Particularly if forests are converted to short rotation plantations, positive CN factors can 
emerge within reasonable time spans (e.g., 60-70 years). This would support allowing 
annualization periods longer than the 20 years allowed in the EU-RED, or more distant 
dates for calculating annual emissions or CN factors. However, since such an approach 
within the D on RES would enable the EU to use biomass resulting from deforestation in 
developing countries it likely to be highly controversial. 

Stakeholders may argue that short-term annualization periods are needed because 
GHG emissions must be reduced in the near term. REDD+, as well as prohibitions on 
extraction from currently high-carbon stock lands are also supported by this argument. 
Another common claim is that the objective of such mechanisms is to prevent 
developing countries from following the undesirable development path taken by the 
northern hemisphere. However, GHG emissions from land use change are an 
increasingly small percent of total GHG emissions, currently 12 percent (Marland 2009). 
The percent will almost certainly continue to fall as fossil fuel emissions from China in 
particular escalate. Lowering GHG emissions significantly within the next 50 years can 
thus only be accomplished by substantial reductions in the close to 90 percent of 
emissions due to combustion of fossil fuels. Until stakeholders concerned with 
deforestation also actively support carbon capture and sequestration (CCS), the only 
technology known today with this capability, the sincerity of their concern for near-term 
reductions is open to question. Similarly, the EU has shown no inclination to itself 
undertake to reforest a substantial portion of its agricultural land and thus both reduce 
emissions and undo the damage of its development path. Until it does so, the position 
that retaining large percents of land in forests is an attractive way to reduce GHG 
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emissions and avoid the negative aspects of development represents an asymmetrical 
standard across nations. An alternative way for stakeholders advocating retention of 
forests in developing countries to increase their credibility would be to focus serious 
effort on the most critical contributors to deforestation: the low per hectare productivity of 
food and inefficiency with which biomass for food is used and the lack of robust growth 
in the industrial and service sectors.  

As noted above, a further problem is that the CN factor as presented above does not 
incorporate emissions from indirect land use change. Further work would be necessary 
to do this. Use of CN factors could however, with this exception, close the current areal 
gap and address the time problem attendant on the lag between emissions due to 
combustion of biomass and the replenishment of carbon stocks. For the timing feature to 
function, however, the CNs will have to be related to specified time horizons or target 
dates. 

It is very likely that accounting systems will remain partial through the foreseeable future. 
Not all nations will cap emissions from their land use sector and many of those that do 
are unlikely to adopt a UCSA approach. During this period a CN factor based only on 
emissions not falling under caps may be a useful approach. CN factors could be 
calculated under both the D on RES and the EU-ETS. Under both systems bioenergy 
users could use whatever mix of biomass sources enabled them to most cost-effectively 
meet their obligations. Under the EU-ETS, bioenergy users would have to submit 
allowances to emit for the fraction, if any, of fossil fuel emissions not neutralized. Such a 
system could be implemented as soon as agreements were reached on target dates. 
When methodologies for calculating indirect land use change were considered 
sufficiently well-established, these emissions could be incorporated. However, this is a 
new concept that has not as yet undergone discussion and review by experts and 
stakeholders. Such a review process is vital to identify problems and weakness that, in 
this first presentation of the concept, have not come to light. The authors encourage 
interested parties to inaugurate and support such a review process. 
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Table 8 Summary of the policy options to address emissions from the use of biomass for energy 

Policy option All direct 
LU 

emissions 

iLUC emissions in: 

 

non-LU 
emissions 
included 

C stock 
recovery 
time 

Market incentives 
to lower GHG 
pathways 

Independent 
from WTO 

rules  

Political 
Readiness 

Cap 
needed

  Annex-I  Non-Annex I        

Expanded Activity Approach - F - - - -  M  

UCSA: within Annex-I countries    - -  -  L  

UCSA: all nations    -  -  L  

Value-chain (basic)  F F TP -   H - 

• EU directive on RES - F F TP - - - H - 

• Sustainability criteria          

- Project level  F F TP - - - H - 

- National level   F TP - - - H - 

Point-of-use Accounting - - - C -   ?  

Point of use Plus (voluntary)  F F CTP -   ?  

Point of use Plus (mandatory)  F F CTP -   ?  

Mandatory CN factors  F F CTP    ?  

 yes, includes; or meets criteria 
- no, does not include; fails to meet criteria 
F: Future (i.e., when a credible method is available) 
C, T, P: Combustion, Transport, Processing emissions 
WTO: World Trade Organization  
H, M, L: high, medium, low (high: already employed, medium: politically realistic in the near- to mid-term, low: unlikely to be politically accepted in 

the near term) 
LU: land use 
iLUC:  indirect land use change 
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Forest fuel reduction alters fire severity and long-term carbon
storage in three Pacific Northwest ecosystems
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Abstract. Two forest management objectives being debated in the context of federally
managed landscapes in the U.S. Pacific Northwest involve a perceived trade-off between fire
restoration and carbon sequestration. The former strategy would reduce fuel (and therefore C)
that has accumulated through a century of fire suppression and exclusion which has led to
extreme fire risk in some areas. The latter strategy would manage forests for enhanced C
sequestration as a method of reducing atmospheric CO2 and associated threats from global
climate change. We explored the trade-off between these two strategies by employing a forest
ecosystem simulation model, STANDCARB, to examine the effects of fuel reduction on fire
severity and the resulting long-term C dynamics among three Pacific Northwest ecosystems:
the east Cascades ponderosa pine forests, the west Cascades western hemlock–Douglas-fir
forests, and the Coast Range western hemlock–Sitka spruce forests. Our simulations indicate
that fuel reduction treatments in these ecosystems consistently reduced fire severity. However,
reducing the fraction by which C is lost in a wildfire requires the removal of a much greater
amount of C, since most of the C stored in forest biomass (stem wood, branches, coarse woody
debris) remains unconsumed even by high-severity wildfires. For this reason, all of the fuel
reduction treatments simulated for the west Cascades and Coast Range ecosystems as well as
most of the treatments simulated for the east Cascades resulted in a reduced mean stand C
storage. One suggested method of compensating for such losses in C storage is to utilize C
harvested in fuel reduction treatments as biofuels. Our analysis indicates that this will not be
an effective strategy in the west Cascades and Coast Range over the next 100 years. We suggest
that forest management plans aimed solely at ameliorating increases in atmospheric CO2

should forgo fuel reduction treatments in these ecosystems, with the possible exception of
some east Cascades ponderosa pine stands with uncharacteristic levels of understory fuel
accumulation. Balancing a demand for maximal landscape C storage with the demand for
reduced wildfire severity will likely require treatments to be applied strategically throughout
the landscape rather than indiscriminately treating all stands.

Key words: biofuels; carbon sequestration; fire ecology; fuel reduction treatment; Pacific Northwest,
USA; Picea sitchensis; Pinus ponderosa; Pseudotsuga menziesii.

INTRODUCTION

Forests of the U.S. Pacific Northwest capture and

store large amounts of atmospheric CO2, and thus help

mitigate the continuing climatic changes that result from

extensive combustion of fossil fuels. However, wildfire is

an integral component to these ecosystems and releases

a substantial amount of CO2 back to the atmosphere via

biomass combustion. Some ecosystems have experienced

an increase in the amount of CO2 released due to a

century-long policy of fire suppression that has led to

increased levels of fuel buildup, resulting in wildfires of

uncharacteristic severity. Fuel reduction treatments have

been proposed to reduce wildfire severity, but like

wildfire, these treatments also reduce the C stored in

forests. Our work examines the effects of fuel reduction

on wildfire severity and long-term C storage to gauge the

strength of the potential trade-off between managing

forests for increased C storage and reduced wildfire

severity.

Forests have long been referenced as a potential sink

for atmospheric CO2 (Vitousek 1991, Turner et al. 1995,

Harmon et al. 1996, Harmon 2001, Smithwick et al.

2002, Pacala and Socolow 2004), and are credited with

contributing to much of the current C sink in the

coterminous United States (Pacala et al. 2001, Hurtt et

al. 2002). This U.S. carbon sink has been estimated to be

between 0.30 and 0.58 Pg C/yr for the 1980s, of which

between 0.17 Pg C/yr and 0.37 Pg C/yr has been

attributed to accumulation by forest ecosystems (Pacala

et al. 2001). While the presence of such a large sink has

been valuable in mitigating global climate change, a

substantial portion of it is due to the development of

understory vegetation as a result of a national policy of

fire suppression (Pacala et al. 2001, Donovan and Brown

2007). Fire suppression, while capable of incurring
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short-term climate change mitigation benefits by pro-

moting the capture and storage of atmospheric CO2 by

understory vegetation and dead fuels (Houghton et al.

2000, Tilman et al. 2000), has, in part, led to increased

and often extreme fire risk in some forests, notably Pinus

ponderosa forests (Moeur et al. 2005, Donovan and

Brown 2007).

Increased C storage usually results in an increased

amount of C lost in a wildfire (Fahnestock and Agee

1983, Agee 1993). Many ecosystems show the effects of

fire suppression (Schimel et al. 2001, Goodale et al.

2002, Taylor and Skinner 2003), and the potential effects

of additional C storage on the severity of future wildfires

is substantial. In the Pinus ponderosa forests of the east

Cascades, for example, understory fuel development is

thought to have propagated crown fires that have killed

old-growth stands not normally subject to fires of high

intensity (Moeur et al. 2005). Various fuel reduction

treatments have been recommended for risk-prone

forests, particularly a reduction in understory vegetation

density, which can reduce the ladder fuels that promote

such severe fires (Agee 2002, Brown et al. 2004, Agee

and Skinner 2005). While a properly executed reduction

in fuels could be successful in reducing forest fire severity

and extent, such a treatment may be counterproductive

to attempts at utilizing forests for the purpose of long-

term C sequestration.

Pacific Northwest forests, particularly those that are

on the west side of the Cascade mountain range, are

adept at storing large amounts of C. Native long-lived

conifers are able to maintain production during the

rainy fall and winter months, thereby out-competing

shorter-lived deciduous angiosperms with a lower

biomass storage capacity (Waring and Franklin 1979).

Total C storage potential, or upper bounds, of these

ecosystems is estimated to be as high as 829.4 Mg C/ha

and 1127.0 Mg C/ha for the western Cascades and Coast

Range of Oregon, respectively (Smithwick et al. 2002).

Of this high storage capacity for west Cascades and

Coast Range forests, 432.8 Mg C/ha and 466.3 Mg

C/ha, respectively, are stored in aboveground biomass

(Smithwick et al. 2002), a substantial amount of fuel for

wildfires.

High amounts of wildfire-caused C loss often reflect

high amounts of forest fuel availability prior to the onset

of fire. Given the magnitude of such losses, it is clear

that the effect of wildfire severity on long-term C

dynamics is central to our understanding of the global C

cycle. What is not clear is the extent to which repeated

fuel removals that are intended to reduce wildfire

severity will likewise reduce long-term total ecosystem

C storage (TECl). Fuel reduction treatments require the

removal of woody and detrital materials to reduce future

wildfire severity. Such treatments can be effective in

reducing future wildfire severity, but they likewise

involve a reduction in stand-level C storage. If repeated

fuel reduction treatments decrease the mean total

ecosystem C storage by a quantity that is greater than

the difference between the wildfire-caused C loss in an

untreated stand and the wildfire-caused C loss in a
treated stand, the ecosystem will not have been

effectively managed for maximal long-term C storage.
Our goal was to test the extent to which a reduction in

forest fuels will affect fire severity and long-term C
storage by employing a test of such dynamics at multi-

century time scales. Our questions were as follows: (1)
To what degree will reductions in fuel load result in
decreases in C stores at the stand level? (2) How much C

must be removed to make a significant reduction in the
amount of C lost in a wildfire? (3) Can forests be

managed for both a reduction in fire severity and
increased C sequestration, or are these goals mutually

exclusive?

METHODS

Model description

We conducted our study using an ecosystem simula-

tion model, STANDCARB (Appendix A), that allows
for the integration of many forest management practices

as well as the ensuing gap dynamics that may result from
such practices. STANDCARB is a forest ecosystem
simulation model that acts as a hybrid between

traditional single-life-form ecosystem models and mul-
ti-life-form gap models (Harmon and Marks 2002). The

model integrates climate-driven growth and decomposi-
tion processes with species-specific rates of senescence

and stochastic mortality while incorporating the dy-
namics of inter- and intraspecific competition that

characterize forest gap dynamics. Inter- and intraspecific
competition dynamics are accounted for by modeling

species-specific responses to solar radiation as a function
of each species’ light compensation point as well as the

amount of solar radiation delineated through the forest
canopy to each individual. By incorporating these

processes the model can simulate successional changes
in population structure and community composition

without neglecting the associated changes in ecosystem
processes that result from species-specific rates of
growth, senescence, mortality, and decomposition.

STANDCARB performs calculations on a monthly
time step and can operate at a range of spatial scales by

allowing a multi-cell grid to capture multiple spatial
extents, as both the size of an individual cell and the

number of cells in a given grid can be designated by the
user. We used a 20 3 20 cell matrix for all simulations

(400 cells total), with 15 3 15 m cells for forests of the
west Cascades and Coast Range and 123 12 m cells for

forests of the east Cascades. Each cell allows for
interactions of four distinct vegetation layers, represent-

ed as upper canopy trees, lower canopy trees, a species-
nonspecific shrub layer, and a species-nonspecific herb

layer. Each respective vegetation layer can have up to
seven live pools, eight detrital pools, and three stable C

pools. For example, the upper and lower tree layers
comprise seven live pools: foliage, fine roots, branches,

sapwood, heartwood, coarse roots, and heart-rot, all of
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which are transferred to a detrital pool following

mortality. Dead wood is separated into snags and logs

to capture the effects of spatial position on microcli-

mate. After detrital materials have undergone significant

decomposition, they can contribute material to three

increasingly decay-resistant, stable C pools: stable

foliage, stable wood, and stable soil. Charcoal is created

in both prescribed fires and wildfires and is thereafter

placed in a separate pool with high decay resistance.

Additional details on the STANDCARB model can be

found in Appendix A.

Fire processes

We generated exponential random variables to assign

the years of fire occurrence (sensu Van Wagner 1978)

based on the literature estimates (see experimental

design for citations) of mean fire return intervals

(MFRI) for different regions in the U.S. Pacific

Northwest. The cumulative distribution for our negative

exponential function is given in Eq. 1 where X is a

continuous random variable defined for all possible

numbers x in the probability function P, and k
represents the inverse of the expected time E [X] for a

fire return interval given in Eq. 2:

P X � xf g ¼
Z x

0

ke�kxdx ð1Þ

where

E½X� ¼ 1

k
: ð2Þ

Fire severities in each year generated by this function

are cell specific, as each cell is assigned a weighted fuel

index calculated from fuel accumulation within that cell

and the respective flammability of each fuel component,

the latter of which is derived from estimates of wildfire-

caused biomass consumption (see Fahnestock and Agee

1983, Covington and Sackett 1984, Agee 1993). Fires

can increase (or decrease) in severity depending on how

much the weighted fuel index of a given cell exceeds (or

falls short of) the fuel level thresholds for each fire

severity class (Tlight, Tmedium, Thigh, and Tmax), and the

probability values for the increase or decrease in fire

severity (Pi and Pd). For example, while the natural fire

severity of many stands of the west Cascades can be

described as high severity, other stands of the west

Cascades have a natural fire severity that can be best

described as being of medium severity (;60–80%

overstory tree mortality) (Cissel et al. 1999). For these

stands, medium-severity fires are scheduled to occur

throughout the simulated stand and can increase to a

high-severity fire depending on the extent to which the

weighted fuel index in a cell exceeds the threshold for a

high-severity fire, as greater differences between the fuel

index and the fire severity threshold will increase the

chance of a change in fire severity. Conversely, medium-

severity fires may decrease to a low-severity fire if the

fuel index is sufficiently below the threshold for a

medium-severity fire. High-severity fires are likely to

become medium-severity fires if the weighted fuel index

within a given cell falls sufficiently short of the threshold

for a high-severity fire, and low-severity fires are likely to

become medium severity if the weighted fuel index in a

given cell is sufficiently greater than the threshold for a

medium-severity fire. Fuel level thresholds were set by

monitoring fuel levels in a large series of simulation runs

where fires were set at very short intervals to see how low

fuel levels needed to be to create a significant decrease in

expected fire severity. We note that, like fuel accumu-

lation, the role of regional climate exerts significant

influence on fire frequency and severity, and that our

model does not attempt to directly model these effects.

We suspect that an attempt to model the highly complex

role of regional climate data on fine-scale fuel moisture,

lightning-based fuel ignition, and wind-driven fire

spread adds uncertainties into our model that might

undermine the precision and applicability of our

modeling exercise. For that reason we incorporated

data from extensive fire history studies to approximate

the dynamics of fire frequency and severity.

Final calculations for the expected stand fire severity

E [Fs] at each fire are performed as follows:

E½Fs� ¼
100

C

Xn

i¼1

ciðLÞmiðLÞ+ ciðMÞmiðMÞ+ciðHÞmiðHÞ ð3Þ

where C is the number of cells in the stand matrix and

ci(L), ci(M), and ci(H) are the number of cells with light,

medium, and high-severity fires, and mi(L), mi(M), and

mi(H)represent fixed mortality percentages for canopy

tree species for light, medium, and high-severity fires,

respectively. This calculation provides an approximation

of the number of upper-canopy trees killed in the fire.

The resulting expected fire severity calculation E [Fs] is

represented on a scale from 0 to 100, where a severity

index of 100 indicates that all trees in the simulated

stand were killed.

Our approach at modeling the effectiveness of fuel

reduction treatments underscores an important trade-off

between fuel reduction and long-term ecosystem C

storage by incorporating the dynamics of snag creation

and decomposition. Repeated fuel reduction treatments

may result in a reduction in long-term C storage, but it is

possible that if such treatments are effective in reducing

tree mortality, they may also offset some of the C losses

that would be incurred from the decomposition of snags

that would be created in a wildfire of higher severity.

STANDCARB accounts for these dynamics by directly

linking expected fire severity with a fuel accumulation

index that can be altered by fuel reduction treatments

while also incorporating the decomposition of snags as

well as the time required for each snag to fall following

mortality.

Total ecosystem C storage (TEC) is calculated by

summing all components of C (live, dead, and stable).

For each replicate (i ¼ 1, 2, . . . 5) and for each period
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between fires (x¼ 1, 2, . . . Pi), the mean total ecosystem

C storage (TECl) is calculated by averaging the yearly

TEC values (k ¼ 1, 2, . . . Rx).

TEClði; xÞ ¼
1

R

XR

k¼1

TECði; x; kÞ:

Aggregating TECl values in this manner permits the

number of TECl values to be the same as the number of

E [Fs] values, permitting a PerMANOVA analysis to be

performed on E [Fs] and TECl.

Fuel reduction processes

STANDCARB’s fire module allows for scheduled

prescribed fires of a given severity (light, medium, high)

to be simulated in addition to the nonscheduled wildfires

generated from the aforementioned exponential random

variable function. In addition to simulating the pre-

scribed fire method of fuel reduction, STANDCARB

has a harvest module that permits cell-by-cell harvest of

trees in either the upper or lower canopy. This module

allows the user to simulate understory removal or

overstory thinning treatments on a cell-by-cell basis.

Harvested materials can be left in the cell as detritus

following cutting or can be removed from the forest,

allowing the user to incorporate the residual biomass

that results from harvesting practices. STANDCARB

can also simulate the harvest of dead salvageable

materials such as logs or snags that have not decom-

posed beyond the point of being salvageable.

Site descriptions

We chose the Pinus ponderosa stands of the Pringle

Falls Experimental Forest as our representative for east

Cascades forests (Youngblood et al. 2004). Topography

in the east Cascades consists of gentle slopes, with soils

derived from aerially deposited dacite pumice. The

Tsuga heterophylla–Pseudotsuga menziesii stands of the

H. J. Andrews Experimental Forest were chosen as our

representative of west Cascades forests (Greenland

1994). Topography in the west Cascades consists of

slope gradients that range from 20% to 60% with soils

that are deep, well-drained dystrochrepts. The Tsuga

heterophylla–Picea sitchensis stands of the Cascade

Head Experimental Forest were chosen as our repre-

sentative of Coast Range forests. We note that most of

the Oregon Coast Range is actually composed of Tsuga

heterophylla–Pseudotsuga menziesii community types,

similar to much of the west Cascades. Tsuga hetero-

phylla–Picea sitchensis communities occupy a narrow

strip near the coast, due to their higher tolerance for salt

spray, higher soil moisture optimum, and lower toler-

ance for drought compared to forests dominated by

Pseudotsuga menziesii (Minore 1979), and we incorpo-

rate this region in order to gain insight into this highly

productive ecosystem. Topography in the Cascade Head

Experimental Forest consists of slope gradients of ;10%

with soils that are silt loams to silt clay loams derived

from marine siltstones. Site locations are shown in Fig. 1

and are located within three of the physiographic

regions of Oregon and Washington as designated by

Franklin and Dyrness (1988). Additional site data are

shown in Table 1.

Experimental design

The effectiveness of forest fuel reduction treatments is

often, if not always, inversely related to the time since

their implementation. For this reason, our experiment

incorporated a factorial blocking design where each

ecosystem was subjected to four different frequencies of

each fuel reduction treatment. We also recognize the fact

that fire return intervals can exhibit substantial variation

within a single watershed, particularly those with a high

degree of topographic complexity (Agee 1993, Cissel et

al. 1999), so we examined two likely fire regimes for each

ecosystem. Historic fire return intervals may become

unreliable predictors of future fire intervals (Westerling

et al. 2006); thus ascertaining the differences in TECl

that result from two fire regimes might be a useful metric

in gauging C dynamics resulting from fire regimes that

may be further altered as a result of continued global

climate change.

We based the expected fire return time in Eqs. 1 and 2

on historical fire data for our forests based on the

following studies. Bork (1985) estimated a mean fire

return interval of 16 years for the east Cascades Pinus

ponderosa forests, and we also considered a mean fire

return interval of 8 years for this system. Cissel et al.

(1999) reported mean fire return intervals of 143 and 231

years for forests of medium- and high-severity (stand-

replacing) fire regimes, respectively, among the Tsuga

heterophylla–Pseudotsuga menziesii forests of the west

Cascades. Less is known about the fire history of the

Coast Range, which consists of Tsuga heterophylla–

Pseudotsuga menziesii communities in the interior and

Tsuga heterophylla–Picea sitchensis communities occu-

FIG. 1. Site locations in Oregon. Pringle Falls is our
representative site for the east Cascades, H. J. Andrews is our
representative site for the west Cascades, and Cascade Head is
our representative site for the Coast Range.
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pying a narrow edge of land along the Oregon Coast.

Work by Impara (1997) in the interior region of the Coast

Range suggested a natural fire return interval (expected

fire return time) of 271 years in the Tsuga heterophylla–

Pseudotsuga menziesii zone, and Long et al. (1998)

reported lake-derived charcoal sediment-based estimates

of mean fire return interval for the Coast Range forests to

be fairly similar, at 230 years. However, the Tsuga

heterophylla–Picea sitchensis community type dominant

in our study area of the Cascade Head Experimental

Forest has little resistance to fire, and thus rarely provides

a dendrochronological record. We estimated a mean fire

return interval of 250 years as one fire return interval for a

high-severity fire, derived from interior Coast Range

natural fire return interval estimates, and also included

another high-severity fire regime with a 500-year mean

fire return interval in our analysis.

It is important to note that while the forests of the east

Cascades exhibit a significant and visible legacy of

effects from a policy of fire suppression, many of the

mean fire return intervals for the forests of the west

Cascades and Coast Range exceed the period of fire

suppression (;100 years), and these forests in the west

Cascades and Coast Range will not necessarily exhibit

uncharacteristic levels of fuel accumulation (Brown et al.

2004). However, the potential lack of an uncharacteristic

amount of fuel accumulation does not necessarily

preclude these forests from future fuel reduction

treatments or harvesting; thus we have included these

possibilities in our analysis. The frequencies at which

fuel reduction treatments are applied were designed to

be reflective of literature-derived estimates of each

ecosystem’s mean fire return intervals, since forest

management agencies are urged to perform fuel

reduction treatments at a frequency reflective of the fire

regimes and ecosystem-specific fuel levels (Franklin and

Agee 2003, Dellasala et al. 2004). Treatment frequencies

for the Coast Range and west Cascades were 100, 50, 25

years, plus an untreated control group, while treatment

frequencies in the east Cascades were 25, 10, and 5 years,

and an untreated control group.

We incorporated six different types of fuel reduction

treatments largely based on those outlined in Agee

(2002), Hessburg and Agee (2003), and Agee and

Skinner (2005). Treatments 2–5 were taken directly

from the authors’ recommendations in these publica-

tions, treatment 1 was derived from the same principles

used to formulate those recommendations, and treat-

ment 6, clear-cutting, was not recommended in these

publications but was incorporated into our analysis

because it is a common practice in many Pacific

Northwest forests. Treatments 1–4 were applied to all

ecosystems, while treatments 5 and 6 were applied only

to the west Cascades and Coast Range forests, as such

treatments would be unrealistic at the treatment

intervals necessary to reduce fire severity in the high-

frequency fire regimes of the east Cascades Pinus

ponderosa forests. Note that these treatments and

combinations thereof are not necessarily utilized in each

and every ecosystem. Managers of forests on the Oregon

Coast, for example, would be unlikely to use prescribed

fire as a fuel reduction technique. Our experimental

design simply represents the range of all possible

treatments that can be utilized for fuel reduction and

is applied to all ecosystems purely for the sake of

consistency.

1. Salvage logging (SL).—The removal of large

woody surface fuels limits the flame length of a wildfire

that might enter the stand. Our method of ground fuel

reduction entailed a removal of 75% of salvageable large

woody materials in the stand. Our definition of salvage

logging includes both standing and downed salvageable

materials (sensu Lindenmayer and Noss 2006).

2. Understory removal (UR).—Increasing the dis-

tance from surface fuels to flammable crown fuels will

reduce the probability of canopy ignition. This objective

can be accomplished through pruning, prescribed fire, or

the removal of small trees. We simulated this treatment

in STANDCARB by removing lower canopy trees in all

cells.

3. Prescribed fire (PF).—The reduction of surface

fuels limits the flame length of a wildfire that might enter

the stand. In the field, this is done by removing fuel

through prescribed fire or pile burning, both of which

reduce the potential magnitude of a wildfire by making it

more difficult for a surface fire to ignite the canopy

(Scott and Reinhardt 2001). We implemented this

treatment in STANDCARB by simulating a prescribed

fire at low severity for all cells.

4. Understory removal and prescribed fire (UR +
PF).—This treatment is a combination of treatments 2

and 3, where lower canopy trees were removed

(treatment 2) before a prescribed fire (treatment 3) the

following year for all cells.

TABLE 1. Site characteristics (from Smithwick et al. 2002).

Site characteristic Pringle Falls H. J. Andrews Cascade Head

Vegetation PIPO TSHE–PSME TSHE–PISI
Elevation (m) 1359 785 287
Mean annual temperature (8C) 5.5 8.4 8.6
Mean annual precipitation (mm) 544 2001 2536
Soil porosity sandy loam loam loam
Mean C storage potential (Mg C/ha) 183 829 1127

Note: Species codes: PIPO, Pinus ponderosa; TSHE, Tsuga heterophylla; PSME, Pseudotsuga
menziesii; PISI, Picea sitchensis.
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5. Understory removal, overstory thinning, and pre-

scribed fire (UR + OT + PF).—A reduction in crown

density by thinning overstory trees can make crown fire

spread less probable (Agee and Skinner 2005) and can

reduce potential fuels by decreasing the amount of

biomass available for accumulation on the forest floor.

Some have suggested that such a treatment will be

effective only if used in conjunction with UR and PF

(Perry et al. 2004). We simulated this treatment in

STANDCARB by removing all lower canopy trees

(treatment 2), removing upper canopy trees in 50% of

the cells, and then setting a prescribed fire (treatment 3)

the following year. This treatment was excluded from

the east Cascades forests because it would be unrealistic

to apply it at intervals commensurate with the high-

frequency fires endemic to that ecosystem.

6. Understory removal, overstory removal, and pre-

scribed fire (clear-cutting) (UR + OR + PF).—Clear-

cutting is a common silvicultural practice in the forests of

the Pacific Northwest, notably on private lands in the

OregonCoastRange (Hobbs et al. 2002), andwe included

it in our analysis for two ecosystems (west Cascades and

Coast Range) simply to gain insight into the effects of this

practice on long-term C storage and wildfire severity. We

simulated clear-cutting in STANDCARBby removing all

upper and lower canopy trees, followed by a prescribed

burn the following year. This treatment was excluded

from the east Cascades forests because it would be

unrealistic to apply it at intervals commensurate with the

high-frequency fires endemic to that ecosystem.

7. Control group.—Control groups had no treatments

performed on them. The only disturbances in these

simulations were the same wildfires that occurred in

every other simulation with the same MFRI.

In sum, our east Cascades analysis tested the effects of

four fuel reduction treatment types, four treatment

frequencies, including one control group, and two site

mean fire return intervals (MFRI¼ 8 years, MFRI¼ 16

years). Our analysis of west Cascades and Coast Range

forests tested the effects of six fuel reduction treatment

types, four treatment frequencies, including one control

group, and two site mean fire return intervals (MFRI¼
143 years, MFRI ¼ 230 years for the west Cascades,

MFRI ¼ 250 years, MFRI ¼ 500 years for the Coast

Range) on expected fire severity and long-term C

dynamics. This design resulted in 32 combinations of

treatment types for the east Cascades and 48 combina-

tions of treatment types and frequencies for each fire

regime in the west Cascades and Coast Range, with each

treatment combination in each ecosystem replicated five

times.

Biofuel considerations

Future increases in the efficiency of producing biofuels

from woody materials may reduce potential trade-offs

between managing forests for increased C storage and

reduced wildfire severity. Much research is currently

underway in the area of lignocellulase-based (as opposed

to sugar- or corn-based) biofuels (Schubert 2006). If this

area of research yields efficient methods of utilizing

woody materials directly as an energy source or

indirectly by converting them into biofuels such as

ethanol, fuels removed from the forest could be utilized

as an energy source and thus act as a substitute for fossil

fuels by adding only atmosphere-derived CO2 back to the

atmosphere. However, the conversion of removed forest

biomass into biofuels will only be a useful method of

offsetting fossil fuel emissions if the amount of C stored

in an unmanaged forest is less than the sum of managed

stand TECl, and the amount of fossil fuel emissions

averted by converting removed forest biomass from a

stand of identical size into biofuels over the time period

considered. We performed an analysis on the extent to

which fossil fuel CO2 emissions can be avoided if we were

to use harvested biomass directly for fuel or indirectly for

ethanol production. We recognize that many variables

need to be considered when calculating the conversion

efficiencies of biomass to biofuels, such as the amount of

energy required to harvest the materials, inefficiencies in

the industrial conversion process, and the differences in

efficiencies of various energy sources that exist even after

differences in potential energy are accounted for. Rather

than attempt to predict the energy expended to harvest

the materials, the future of the efficiency of the industrial

conversion process, and differences in energy efficiencies,

we simply estimated the maximum possible conversion

efficiency that can be achieved, given the energy content

of these materials. The following procedure was used to

estimate the extent to which fossil fuel CO2 emissions can

be avoided by substituting harvested biofuels as an

energy source:

1) Estimate the mean annual biomass removal that

results from intensive fuel reduction treatments.

2) Calculate the ratio of the amount of potential

energy per unit C emissions for biofuels (both woody

and ethanol) to the amount of energy per unit C

emissions for fossil fuels.

3) Multiply the potential energy ratios by the mean

annual quantity of biomass harvested to calculate the

mean annual C offset by each biofuel type for each forest.

4) Calculate the number of years necessary for

biofuels production to result in an offset of fossil fuel

C emissions. This procedure was performed for two

land-use histories: managed second-growth forests, and

old-growth forests converted to managed second-growth

forests.

Calculations for each ecosystem are shown in

Appendix B.

Simulation spin-up

STANDCARB was calibrated to standardized silvi-

cultural volume tables for Pacific Northwest stands. We

then calibrated it to permanent study plot data from

three experimental forests in the region (Fig. 1) to
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incorporate fuel legacies, which were taken from a 600-

year spin-up simulation with fire occurrences generated

from the exponential distribution in Eq. 1, where k was

based on each ecosystem’s mean fire return interval.

Spin-up simulations were run prior to the initiation of

each series of fuel reduction treatments, and simulations

were run for a total of 800 years for forests of the east

Cascades, and a total of 1500 years for simulations of

the west Cascades and Coast Range.

Data analysis

We employed a nonparametric multivariate analysis

of variance, PerMANOVA (Anderson 2001), to test

group-level differences in the effects of fuel reduction

frequency and type on mean total ecosystem C storage

and expected fire severity. PerMANOVA employs a test

statistic for the F ratio that is similar to that of an

ANOVA calculated using sum of squares, but unlike an

ANOVA, PerMANOVA calculates sums of squares

from distances among data points rather than from

differences from the mean. PerMANOVA was used

instead of a standard MANOVA because it was highly

unlikely that our data would meet the assumptions of a

parametric MANOVA. PerMANOVA analysis treated

fuel reduction treatment type and treatment frequency as

fixed factors within each respective fire regime for each

ecosystem simulated. The null hypothesis of no treat-

ment effect for different combinations of these factors on

TECl and E [Fs] was tested by permuting the data into

randomly assigned sample units for each combination of

factors so that the number of replicates within each

factor combination were fixed. Each of our 12 PerMA-

NOVA tests incorporated 10 000 permutations using a

Euclidian distance metric, and multiple pairwise com-

parison testing for differences among treatment types

and treatment frequencies was performed when signif-

icant differences were detected (i.e., P , 0.05).

RESULTS

Results of the PerMANOVA tests indicate that mean

expected fire severity (E [Fs]) and mean total ecosystem C

storage (TECl) were significantly affected by fuel

reduction type (P , 0.0001), frequency (P , 0.0001),

and interactions between type and frequency (P ,

0.0001) in all three ecosystems. These results were

significant for type, frequency, and interaction effects

even when clear-cutting was excluded from the analysis

for the west Cascades and Coast Range simulations, just

as it was a priori for simulations of the east Cascades.

When the PerMANOVA was performed on only one of

our response variables (E [Fs] or TECl), groupwise

comparisons of effects of treatment type showed that

the most significant effects of treatment and frequency

were related to TECl. TECl was strongly affected by

treatment frequency for each fire regime in each

ecosystem (P , 0.0001) and consistently showed an

inverse relationship to the quantity of C removed in a

given fuel reduction treatment, and was thus highly

related to treatment type. E [Fs], similar to TECl, showed

significant relationships with treatment frequency for all

three ecosystems (P , 0.0001), with statistically signif-

icant differences among most treatment types. Boxplots

of TECl and E [Fs] for each treatment type in each fire

regime for each ecosystem are shown in Appendix C.

Fuel reduction treatments in east Cascades simula-

tions reduced TECl with the exception of one treatment

type; UR treatments (see Table 2 for acronym descrip-

tions) in these systems occasionally resulted in addition-

al C storage compared to the control group. These

differences were very small (0.6–1.2% increase in TECl)

but statistically significant (Student’s paired t test, P ,

0.05) for the treatment return interval of 10 years in the

light fire severity regime No. 1 (MFRI¼ 8 years) and for

all treatment return intervals in light fire severity regime

No. 2 (MFRI¼ 16 years). The fuel reduction treatment

that reduced TECl the least was SL, which, depending

on treatment frequency and fire regime, stored between

93% and 98% of the control group, indicating that there

was little salvageable material. UR + PF, depending on

treatment frequency and fire regime, resulted in the

largest reduction of TECl in east Cascades forests,

storing between 69% and 93% of the control group.

Simulations of west Cascades and Coast Range

forests showed a decrease in C storage for all treatment

types and frequencies. Fuel reduction treatments with

the smallest effect on TECl were either SL or UR, which

were nearly the same in effect. The treatment that most

reduced TECl was UR + OT + PF. Depending on

treatment frequency and fire regime, this treatment

resulted in C storage of between 50% and 82% of the

control group for the west Cascades, and between 65%

and 88% of the control group for the Coast Range.

Simulations with clear-cutting (UR + OR + PF),

depending on application frequency and fire regime,

resulted in C storage that was between 22% and 58% of

TABLE 2. Treatment abbreviations.

Treatment abbreviation Treatment

SL salvage logging
UR understory tree removal
PF prescribed fire
UR + PF understory tree removal + prescribed fire
UR + PF + OT understory removal + prescribed fire + overstory thinning
UR + PF + OR understory removal + prescribed fire + overstory removal
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the control group for the west Cascades and between

44% and 87% of the control group for the Coast Range.

Similar to TECl, E [Fs] was significantly affected by

fuel reduction treatments. Fuel reduction treatments

were effective in reducing E [Fs] for all simulations. UR

treatments had the smallest effect on E [Fs] in the east

Cascades simulations and E [Fs] in the east Cascades

simulations was most affected by combined UR + PF

treatments applied every five years, which reduced E [Fs]

by an average of 6.01 units (units range from 0 to 100,

see Eq. 3) for stands with an MFRI ¼ 8 years and by

11.08 units for stands with an MFRI¼ 16 years. In the

west Cascades and Coast Range, E [Fs] was least affected

by UR treatments, similar to the east Cascades

simulations. The most substantial reductions in E [Fs]

were exhibited by treatments that removed overstory as

well as understory trees, as in treatments UR + OT +
PF and UR + OR + PF. In the west Cascades

simulations, depending on treatment frequency, E [Fs]

was reduced by an average of 11.72–15.68 units where

the MFRI¼ 143 years and by an average of 3.92–26.42

units where the MFRI¼230 years when UR + OT + PF

was applied. When UR + OT + PF was applied to the

Coast Range, E [Fs] was reduced by an average of 7.06–

23.72 units where the MFRI ¼ 250 years and by an

average of 1.95–20.62 units where the MFRI ¼ 500

years, depending on treatment frequency. Some UR +
OR + PF treatments, when applied at a frequency of 25

years, resulted in E [Fs] that was higher than that seen in

UR + OT + PF in spite of lower TECl in UR + OT +
PF. A result such as this is most likely due to an

increased presence of lower canopy tree fuels as a

consequence of the increased lower stratum light

availability that follows a clear-cut, as lower canopy

tree fuels are among the highest weighted fuels in our

simulated stands.

Modeled estimates of E [Fs] were reflective of the mean

amounts of C lost in a wildfire (C̄WF). C̄WF was lower in

the stands simulated with fuel reduction treatments

compared to the control groups, with the exception of

the east Cascades stands subjected to understory

removal. Reductions in the amount of C lost in a

wildfire, depending on treatment type and frequency,

were as much as 50% in the east Cascades, 57% in the

west Cascades, and 50% in the Coast Range. In the east

Cascades simulations, amounts lost in wildfires were

inversely related to the amounts of C removed in an

average fire return interval for each ecosystem (Fig. 2),

except for the Light Fire Regime No. 1 (MFRI ¼ 8

years). Simulations in this fire regime revealed a slightly

FIG. 2. Scatterplots of C removed in fuel reduction treatments between wildfires CFR(T) (representing fuel reduction [treatment])
and C lost in wildfires CWF(T) for the east Cascades, west Cascades, and Coast Range. Notice the differences in the axes scales. Also
note the downward sloping trend for all ecosystems except for the east Cascades where MFRI¼ 8 years.
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increasing amount of C lost in wildfires with increasing

amounts removed, though amounts removed were

nonetheless larger than the amounts lost in a typical

wildfire.

Biofuels

Biofuels cannot offset the reductions in TECl

resulting from fuel reduction, at least not over the next

100 years. For example, our simulation results suggest

that an undisturbed Coast Range Tsuga heterophylla–

Picea sitchensis stand (where MFRI ¼ 500 years) has a

TECl of 1089 Mg C/ha. By contrast, a Coast Range

stand that is subjected to UR + OT + PF every 25 years

has a TECl of 757.30 Mg C/ha. Over a typical fire return

interval of 450 years (estimated MFRI was 500 years,

MFRI generated from the model was 450 years) this

stand has 1107 Mg C/ha removed, a forest fuel/biomass

production of 2.46 Mg C�ha�1�yr�1, which amounts to

emissions of 1.92 Mg C�ha�1�yr�1and 0.96 Mg

C�ha�1�yr�1 that can be avoided by substituting biomass

and ethanol, respectively, for fossil fuels (see calcula-

tions in Appendix B). This means that it would take 169

years for C offsets via solid woody biofuels and 339

years for C offsets via ethanol production before

ecosystem processes result in net C storage offsets (see

Fig. 3). Converting Coast Range old-growth forest to

second-growth forest reduces the amount of time

required for atmospheric C offsets to 34 years for

biomass and 201 years for ethanol, and like all other

biofuel calculations in our analysis, these are assuming a

perfect conversion of potential energies. West Cascades

Tsuga heterophylla–Pseudotsuga menziesii ecosystems

(where MFRI ¼ 230 years) that are subjected to UR +
OT + PF every 25 years would require 228 years for C

offsets using biomass as an offset of fossil-fuel-derived C

and 459 years using ethanol. Converting west Cascades

old-growth forest to second-growth forest reduces the

amount of time required for atmospheric C offsets to

107 years for biomass fuels and 338 years for ethanol.

Simulations of east Cascades Pinus ponderosa ecosys-

tems had cases where stands treated with UR stored

more C than control stands, implying that there is little

or no trade-off in managing stands of the east Cascades

for both fuel reduction and long-term C storage.

DISCUSSION

We employed an ecosystem simulation model,

STANDCARB, to examine the effects of fuel reduction

on expected fire severity and long-term C dynamics in

three Pacific Northwest ecosystems: the Pinus ponderosa

forests of the east Cascades, the Tsuga heterophylla–

Pseudotsuga menziesii forests of the west Cascades, and

the Tsuga heterophylla–Picea sitchensis forests of the

Coast Range. Our fuel reduction treatments for east

Cascades forests included salvage logging, understory

removal, prescribed fire, and a combination of under-

story removal and prescribed fire. West Cascades and

Coast Range simulations included these treatments as

well as a combination of understory removal, overstory

thinning, and prescribed fire. We also examined the

effects of clear-cutting followed by prescribed fire on

expected fire severity and long-term C storage in the

west Cascades and Coast Range.

Our results suggest that fuel reduction treatments can

be effective in reducing fire severity, a conclusion that is

shared by some field studies (Stephens 1998, Pollet and

FIG. 3. Time series plots of C storage, mean C storage, and
biofuels offsets for control groups and fuel reduction treatment
UR + OT + PF (understory removal + overstory thinning +
prescribed fire) applied to a second-growth forest every 25 years
for the west Cascades and Coast Range. East Cascades
simulations were excluded from this plot because there was
little or no trade-off incurred in managing these forests for both
fuel reduction and C sequestration.
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Omi 2002, Stephens and Moghaddas 2005) and model-

ing studies (Fulé et al. 2001). However, fuel removal

almost always reduces C storage more than the

additional C that a stand is able to store when made

more resistant to wildfire. Leaves and leaf litter can and

do have the majority of their biomass consumed in a

high-severity wildfire, but most of the C stored in forest

biomass (stem wood, branches, coarse woody debris)

remains unconsumed even by high-severity wildfires.

For this reason, it is inefficient to remove large amounts

of biomass to reduce the fraction by which other

biomass components are consumed via combustion.

Fuel reduction treatments that involve a removal of

overstory biomass are, perhaps unsurprisingly, the most

inefficient methods of reducing wildfire-related C losses

because they remove large amounts of C for only a

marginal reduction in expected fire severity. For

example, total biomass removal from fuel reduction

treatments over the course of a high-severity fire return

interval (MFRI¼ 230 years) in the west Cascades could

exceed 500 Mg C/ha while reducing wildfire-related

forest biomass losses by only ;70 Mg C/ha in a given

fire (Fig. 2). Coast Range forests could have as much as

2000 Mg C/ha removed over the course of an average

fire return interval (MFRI ¼ 500 years), only to reduce

wildfire-related biomass combustion by ;80 Mg C/ha

(Fig. 2).

East Cascades simulations also showed a trend of

decreasing E [Fs] with increasing biomass removal,

though a higher TECl was seen in some understory

removal treatments compared to control groups. We

believe that the removal of highly flammable understory

vegetation led to a reduction in overall fire severity that

consequently lowered overall biomass combustion,

thereby allowing increased overall C storage. Such a

result may be indicative of actual behavior under field

conditions, but the very low magnitude of the differenc-

es between the treated groups and the control group

(0.6%–1.2%) suggests caution in assuming that under-

story removal in this or any ecosystem can be effective in

actually increasing long-term C storage. Furthermore,

we recognize that the statistically significant differences

between the treated and control groups are likely to

overestimate the significance of the differences between

groups that would occur in the field, as the differences

we are detecting are modeled differences rather than

differences in field-based estimates. Field-based esti-

mates are more likely to exhibit higher inter- and

intrasite variation than modeled estimates, even when

modeled estimates incorporate stochastic processes, such

as those in STANDCARB. Our general findings,

however, are nonetheless consistent with many of the

trends revealed by prior field-based research on the

effects of fuel reduction on C storage (Tilman et al.

2000), though differences between modeled and field-

based estimates are also undoubtedly apparent through-

out other comparisons of treated and control stands in

our study.

We note an additional difference that may exist

between our modeled data and field conditions. Our

study was meant to ascertain the long-term average C

storage (TECl) and expected fire severities (E [Fs]) for

different fuel reduction treatment types and application

frequencies, a goal not be confused with an assessment

of exactly what treatments should be applied at the

landscape level in the near future. Such a goal would

require site-specific data on the patterns of fuel

accumulation that have occurred in lieu of the policies

and patterns of fire suppression that have been enacted

in the forests of the Coast Range, west Cascades, and

east Cascades for over a century. We did not incorporate

the highly variable effects of a century-long policy of fire

suppression on these ecosystems, as we know of no way

to account for such effects in a way that can be usefully

extrapolated for all stands in the landscape. Pinus

ponderosa forests may exhibit the greatest amount of

variability in this respect, as they are among the

ecosystems that have been most significantly altered as

a result of fire suppression (Veblen et al. 2000,

Schoennagel et al. 2004, Moeur et al. 2005). Further-

more, additional differences may be present in our

estimates of soil C storage for the east Cascades. Our

estimates of soil C storage match up very closely with

current estimates from the Pringle Falls Experimental

Forest, but it is unclear how much our estimates would

differ under different fuel reduction treatment types and

frequencies. Many understory community types exist in

east Cascades Pinus ponderosa forests (i.e., Festuca

idahoensis, Purshia tridentata, Agropyron spicatum, Stipa

comata, Physocarpus malvaceus, and Symphoricarpos

albus communities) (Franklin and Dyrness 1988). An

alteration of these communities may result from fuel

reduction treatments such as understory removal or

prescribed fire, leading to a change in the amount and

composition of decomposing materials, which can

influence long-term belowground C storage (Wardle

2002). Furthermore, there may be an increase in soil C

storage resulting from the addition of charcoal to the

soil C pool, whether from prescribed fire or wildfire

(DeLuca and Aplet 2008).

By contrast, ecosystems with lengthy fire return

intervals, such as those of the west Cascades and Coast

Range, may not be strongly altered by such a policy, as

many stands would not have accumulated uncharacter-

istic levels of fuel during a time of fire suppression that is

substantially less than the mean fire return intervals for

these systems. Forests such as these may actually have

little or no need for fuel reduction due to their lengthy

fire return intervals. Furthermore, fire severity in many

forests may be more a function of severe weather events

rather than fuel accumulation (Bessie and Johnson 1995,

Brown et al. 2004, Schoennagel et al. 2004). Thus, the

application of fuel reduction treatments such as

understory removal is thought to be unnecessary in

such forests and may provide only limited effectiveness

(Agee and Huff 1986, Brown et al. 2004). Our results
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provide additional support for this notion, as they show

a minimal effect of understory removal on expected fire

severity in these forests, and if in fact climate has far

stronger control over fire severity in these forests than

fuel abundance, then the small reductions in expected

fire severity that we have modeled for these fuel

reduction treatments may be even smaller in reality.

We also note that the extent to which fuel reductions

in these forests can result in a reduction in fire severity

during the extreme climate conditions that lead to

broad-scale catastrophic wildfires may be different from

the effects shown by our modeling results, and are likely

to be an area of significant uncertainty. Fuel reductions,

especially overstory thinning treatments, can increase air

temperatures near the ground and wind speeds through-

out the forest canopy (van Wagtendonk 1996, Agee and

Skinner 2005), potentially leading to an increase in fire

severity that cannot be accounted for within our

particular fire model. In addition to the microclimatic

changes that may follow an overstory thinning, logging

residues may be present on site following such a

procedure, and may potentially nullify the effects of

the fuel reduction treatment or may even lead to an

increase in fire severity (Stephens 1998). Field-based

increases in fire severity that occur in stands subjected to

overstory thinning may in fact be an interaction between

the fine fuels created by the thinning treatment and the

accompanying changes in forest microclimate. These

microclimate changes may lead to drier fuels and allow

higher wind speeds throughout the stand (Raymond and

Peterson 2005). While our model does incorporate the

creation of logging residue that follows silvicultural

thinning, increases in fire spread and intensity due to

interactions between fine fuels and increased wind speed

are neglected. However, we note that even if our model

is failing to capture these dynamics, our general

conclusion that fuel reduction results in a decrease in

long-term C storage would then have even stronger

support, since the fuel reduction would have caused C

loss from the removal of biomass while also increasing

the amount that is lost in a wildfire.

The amounts of C lost in fuel reduction treatments,

whether nearly equal to or greater than our estimates,

can be utilized in the production of biofuels. It is clear,

however, that an attempt to substitute forest biomass for

fossil fuels is not likely to be an effective forest

management strategy for the next 100 years. Coast

Range Tsuga heterophylla–Picea sitchensis ecosystems

have some of the highest known amounts of biomass

production and storage capacity, yet under the UR +
OT + PF treatment a 169-year period is necessary to

reach the point at which biomass production will offset

C emitted from fossil fuels, and 338 years for ethanol

production. Likewise, managed forests in the west

Cascades require time scales that are too vast for biofuel

alternatives to make a difference over the next 100 years.

Even converting old-growth forests in these ecosystems

would require at least 33 and 107 years for woody

biomass utilization in the Coast Range and west

Cascades, respectively, and these figures assume that

all possible energy in these fuels can be utilized.

Likewise, our ethanol calculations assumed that the

maximum theoretical ethanol yield of biomass is

realized, which has yet to be done (Schubert 2006); a

70% realization of our maximum yield is a more realistic

approximation of contemporary capacities (Galbe and

Zacchi 2002).

In addition to these lags, management constraints

could preclude any attempt to fully utilize Pacific

Northwest forests for their full biofuels production

potential. Currently in the Pacific Northwest there are

;3.6 3 106 ha of forests in need of fuel reduction

treatments (Stephens and Ruth 2005), and in 2004 the

annual treatment goal for this area was 52 000 ha

(1.44%). Unless a significantly larger fuel reduction

treatment workforce is employed, it would take 69 years

to treat this area once, a period that approximates the

effective duration of fire suppression (Stephens and

Ruth 2005). The use of SPLATs (strategically placed

area treatments) may be necessary to reduce the extent

and effects of landscape-level fire (Finney 2001).

SPLATs are a system of overlapping area fuel treat-

ments designed to minimize the area burned by high-

intensity head fires in diverse terrain. These treatments

are costly, and estimates of such treatment costs may be

underestimating the expense of fuel reduction in areas

with high-density understory tree cohorts that are time

consuming to extract and have little monetary value to

aid in offsetting removal expenses (Stephens and Ruth

2005). Nevertheless, it is clear that not all of the Pacific

Northwest forests that are in need of fuel reduction

treatments can be reached, and the use of strategically

placed fuel reduction treatments such as SPLATs may

represent the best option for a cost-effective reduction in

wildfire severity, particularly in areas near the wildland–

urban interface. However, the application of strategi-

cally placed fuel reduction treatments is unlikely to be a

sufficient means in itself toward ecosystem restoration in

the forests of the east Cascades. Stand-level ecosystem

restoration efforts such as understory removal and

prescribed fire may need to be commenced once

landscape-level reductions in fire spread risk have been

implemented.

CONCLUSIONS

Managing forests for the future is a complex issue that

necessitates the consideration of multiple spatial and

temporal scales and multiple management goals. We

explored the trade-offs for managing forests for fuel

reduction vs. C storage using an ecosystem simulation

model capable of simulating many types of forest

management practices. With the possible exception of

some xeric ecosystems in the east Cascades, our work

suggests that fuel reduction treatments should be

forgone if forest ecosystems are to provide maximal

amelioration of atmospheric CO2 over the next 100
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years. Much remains to be learned about the effects of

forest fuel reduction treatments on fire severity, but our

results demonstrate that if fuel reduction treatments are

effective in reducing fire severities in the western

hemlock–Douglas-fir forests of the west Cascades and

the western hemlock–Sitka spruce forests of the Coast

Range, it will come at the cost of long-term C storage,

even if harvested materials are utilized as biofuels. We

agree with the policy recommendations of Stephens and

Ruth (2005) that the application of fuel reduction

treatments may be essential for ecosystem restoration

in forests with uncharacteristic levels of fuel buildup, as

is often the case in the xeric forest ecosystems of the east

Cascades. However, this is often impractical and may

even be counterproductive in ecosystems that do not

exhibit uncharacteristic or undesirable levels of fuel

accumulation. Ecosystems such as the western hemlock–

Douglas-fir forests in the west Cascades and the western

hemlock–Sitka spruce forests of the Coast Range may in

fact have little sensitivity to forest fuel reduction

treatments and may be best utilized for their high C

sequestration capacities.
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Abstract
The global warming intensities of crop-based biofuels and fossil fuels differ not only in amount
but also in their discharge patterns over time. Early discharges, for example, from
market-mediated land use change, will have created more global warming by any time in the
future than later discharges, owing to the slow decay of atmospheric CO2. A spreadsheet model
of this process, BTIME, captures this important time pattern effect using the Bern CO2 decay
model to allow fuels to be compared for policy decisions on the basis of their real warming
effects with a variety of user-supplied parameter values. The model also allows economic
discounting of climate effects extended far into the future. Compared to approaches that simply
sum greenhouse gas emissions over time, recognizing the physics of atmospheric CO2 decay
signif cantly increases the def cit relative to fossil fuel of any biofuel causing land use change.

Keywords: biofuels, greenhouse gas emissions, life cycle assessment, land use change

1. Introduction

Performance-based regulations under development in several
jurisdictions promote transportation fuels with lower life cycle
greenhouse gas (GHG) emissions than petroleum-based fuels.
For this comparison, they use a performance metric that
aggregates each fuel’s direct and indirect GHG emissions
into a global warming intensity (GWI). Recent studies of the
effects of expanding biofuel feedstock production f nd large
GHG emissions from land use change (LUC) for biofuels
that compete for land with other uses such as the production
of food. Changes in land use are transmitted across global
markets linked by commodity substitutability and competition
for land. These market-mediated LUC emissions are not
only separated from the biofuel production process by several
economic links and physical distance, but also follow a time

prof le very different from the direct emissions from fossil and
biofuel use, being released quickly upon expansion of biofuel
production [19].

To obtain a GWI, previous analysts average the total
indirect emissions over the total fuel produced during a
predicted production period and add these to the direct
emissions, implicitly treating a unit GHG emission released
today as though it has the same consequences as one released
decades in the future. This ‘straight-line amortization’, for
example, is proposed for the California Air Resources Board’s
implementation of that state’s Low Carbon Fuel Standard [3].
Economic discounting can in principle be used to compare
costs and benef ts over time, but annual GHG f ows are, in
general, a poor proxy for economic costs: most GW costs
are imposed by GHG stocks in the atmosphere. Furthermore,
consideration of long time frames requires realistic predictions
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about technological innovation and land use changes over that
timeframe, including post-cultivation changes in land use.

We def ne a framework to aggregate GHG emissions and
other radiative forcing effects that occur over a significa t
span of time into a GWI metric that better represents
the climate effects of fuel substitution, applicable to any
estimate of discharges that are not uniform over time. Our
framework accommodates changes in the duration of the
production period and post-production LUC, and converts
physical effects to economic damages that can properly be
discounted. These corrections to previous practice increase the
relative importance of early emissions, and in turn the GWI of
biofuels that cause LUC.

1.1. Treatment of time in life cycle assessment

In life cycle assessment (LCA), emissions of pollutants are
typically summed without regard for when or where these
emissions occur [10]. For well-mixed greenhouse gases, it is
appropriate to ignore the location of the emissions, as these are
global pollutants. However, for long-lived pollutants, summing
emissions over time masks potentially important differences
among processes, especially if effects are measured at a f xed
target date. In these situations, early emissions are in the
environment longer relative to the target date, and thus cause
greater environmental damage.

In the case of greenhouse gases (GHGs), global warming
effects are usually aggregated by summing emissions of three
gases (CO2, CH4, and N2O) weighted by their respective
global warming potentials (GWP). GWP is the measure of the
cumulative radiative forcing (CRF) over a f xed time horizon
(e.g., 20 or 100 years) of a pulse of some gas compared to the
CRF of an equal mass of CO2 over the same period [7]. Most
LCAs use the 100 year GWPs published by the IPCC [7].

In an LCA, it is appropriate to sum GWP-weighted
GHG emissions for a process whose emissions are largely
coincident with production and use. Summing GWP-weighted
GHG emissions also makes sense in a national emissions
inventory for a single year, because over the standard 100 year
time horizon the specif c release date within the inventory
year is inconsequential to the total CRF. In both of these
cases, emissions are implicitly summed or compared using a
consistent integration period.

Since LCAs are def ned in terms of a functional unit (e.g.,
emissions per MJ of fuel) [14], emissions from preparatory
processes, such facility construction, must be allocated over
the assumed lifetime of the facility to place these emissions in
terms of the functional unit [1]. In practice, these amortized
emissions are generally assumed negligible and ignored in
LCA, resulting in a well-recognized ‘truncation error’ [9].

However, when considering indirect LUC caused by
land-competitive biofuels, the assumptions that (i) emissions
are largely coincident with production and use, or (ii) that
preparatory emissions are negligible, no longer hold. The up-
front iLUC emissions from land-competitive biofuels must be
allocated over (that is, causally linked to) a quantity of fuel
produced over decades, and the biofuel must be compared
with a petroleum fuel with relatively small up-front emissions.

When we compare processes with very different emission
prof les over decades, the simple summation approach is no
longer valid because it incorrectly sums the CRF of releases
measured over overlapping, but distinct, integration periods.
This is not the same as summing the CRF of these releases over
a consistent, short time horizon during which all emissions
occur. Discounting emission f ows, as some have proposed,
only compounds the error, since GWPs apply no discounting
within their def ned time horizon, and 100% discounting
beyond the time horizon.

We recognize that GWPs represent an imperfect compro-
mise in their treatment of time, but this compromise has been
broadly accepted. Comparing the CRF as implemented in our
model of two processes with different emission prof les, over a
single time horizon, is consistent with the use of GWPs in na-
tional inventories, and therefore it is an appropriate approach
for use with policies intended to mitigate climate change.

1.2. Time horizons

Estimating LUC GW effects for biofuels requires careful
distinction of three characteristic time periods often confused
in political discourse. The f rst of these is the analytic
horizon, the period over which consequences are ‘counted’
in analysis. This may be one hundred years or more. The
second is the production period, the time during which the
analysis assumes a biofuel will be produced and displace
fossil fuel. The appropriate production period is no longer
than the time until the biofuel will be economically displaced
by other fuels or cease production for other reasons. This
value is very important for GWI estimation because it affects
how long biofuel production has to ‘pay back’ its initial
LUC emissions [8, 6], and because it determines when post-
production LUC must be considered.

The third important period runs from the present to
a policy target date. For example, the California low
carbon fuel standard (LCFS) requires a 10% reduction in
transportation fuels’ average GWI by 2020, and the US Energy
Independence and Security Act of 2007 (EISA) requires 21
billion gallons (80 GL) of ‘advanced renewable fuels’, that
achieve a 50% GWI reduction compared to their petroleum
counterparts, to be used by 2022 [4, 2]. However, neither
policy specifie the date at which measurement of the GWI
should be taken. The standard approach used in life cycle
assessment, summing GHG emissions weighted by their global
warming potential (GWP) regardless of when they occur in
time [10], is incoherent (as noted earlier) and it underestimates
the climate effects of LUC. A fl wed protocol for calculating
fuel GWI could inadvertently drive a wedge between the policy
and its larger purposes, causing increased global warming
rather than less. Our analysis focuses on assuring that GWI
calculations implementing a biofuels policy will advance the
goal of mitigating climate change.

2. Conceptual framework

To determine whether substituting a particular biofuel for
petroleum increases or decreases global warming requires

2



Environ. Res. Lett. 4 (2009) 024001 M O’Hare et al

decisions about the analytic and production timeframes, and
whether only physical quantities, or their costs and benef ts in
social and economic terms, are to be assessed. Our analysis
proceeds f rst from discharges to warming consequences, and
then (prospectively) to improved benefi /cost assessment.

2.1. Physical approach

Fuel production and use increases climatic warming not only
via the release of GHGs but also by direct perturbation of
the earth’s energy balance through land use changes that
alter biophysical land surface properties such as albedo and
evapotranspiration. These effects can be aggregated into a
time-dependent annual radiative forcing term attributable to
fuel i ’s use, RFi(t).

RFi (t) =
∑

j

a j Gi j(t) + Bi(t) (1)

Gi j(t) is the additional atmospheric abundance of GHG j at
time t attributable to the use of fuel i , a j is the radiative
eff ciency of GHG j . Given the projected time profi e
of discharges for fuel i and GHG j , the time-dependent
abundance, G ji(t), is obtained using models such as the Bern
carbon cycle model [15, 7]. Bi(t) represents all non-GHG
radiative forcing effects of fuel i at time t .

Integrating the radiative forcing term over the analytic
timeframe, 0 < t < ta, gives the cumulative radiative forcing:

CRFi = CRFi (ta) =
∫ ta

0
RFi(t) dt (2)

a physically plausible proxy for the total damage to the planet
from the CO2 emissions stream up to a particular analytic
horizon ta. The ratio of the CRF for the biofuel b to that of the
reference fuel g, provides a physical fuel warming potential, or
FWPp,

FWPp ≡ CRFb

CRFg
. (3)

This FWPp (generally a function of ta) is a more meaningful
physical quantity on which to evaluate biofuel lifecycle
emissions than the aggregated emissions over time. Moreover,
FWPp follows the approach of the Global Warming Potential
metric, or GWP, used to convert emissions from non-
CO2 GHGs into their CO2 equivalencies, an approach well
established in policy and science [7].

2.2. Benefit–cost analysis

Uniformly allocating the initial emission from LUC across
the production period treats a unit of GHG discharge now as
though it is equally costly as a unit emitted twenty years from
now. Specif cally, it means that two fuels differing only in that
one has, say, 10% of its total discharge at the end of an analytic
horizon of 50 years while the other discharges 10% right away,
with the remaining 90% in each case distributed uniformly
over the period, would be scored as equals and treated as
equally costly or benef cial on a GW basis. Policy analysis
conventionally recognizes discounting as the tool with which

to make distinctions like this. A discounted model counts the
net present value (NPV) of benefi s of B (also costs) t years in
the future as

NPV(B) =
[

1
1 + r

]t

B (4)

where r is an annual discount rate. For example, if one knows
a capital asset will wear out in about twenty years, one does not
count that as the present cost of its replacement, but a smaller
number, namely the amount that would have to be deposited
in some sort of interest-bearing investment to attain the price
of the asset twenty years from now. Discounting may also
measure a pure delay effect, wherein something of value is
simply worth less to us if received at a time in the future than
it would be if received now. The effect on global warming
decisions of economic discounting can be very large because
the time spans analyzed are usually long: the present value
of $1 received twenty years in the future is only about 50c at
r = 3%. A current debate about the appropriate discount rate
for global warming policy analysis focuses on the extremely
low discount rate used in the Stern Review and the rapid
commitment of expensive resources it implies [20, 18, 17, 22].
The controversy does not concern whether economic costs
and benef ts occurring over time should be discounted when
calculating costs and benef ts for action (though the discount
rate apparently used in Stern is so low as to be nearly zero).

However, the intellectual and behavioral basis of this
kind of discounting and the debate around it applies only to
economic goods, in a world in which market mechanisms (like
banks and contracts) exist by which goods in the future and
the present can actually be traded against each other: the
discounting model applies to costs and benef ts, not to physical
phenomena that generate them, unless their economic value is
otherwise stable over time. Consider a simple example: let the
economic value of a gallon of water on January 1 be W , and
assume that a gallon of water will also sell for W on July 1. The
net present value on January 1, by conventional discounting, of
10 gallons of water for delivery on July 1 is then

[
1

1 + 0.06

]0.5

W (5)

at 6%, or about 0.97 W .
It is tempting also to say, in January, that a gallon of water

on July 15 is worth5 0.97 gallons of water now, but if the use of
the water is known and it is not available for purchase whenever
desired, this easy approximation can be entirely misleading.
For example, if the water is intended for a garden that would
not be planted until May, it is much more valuable in July than
in January. And if it is to be applied to a house that is on f re
on January 1, delaying delivery to July makes it pretty much
worthless. In both cases, conventionally discounting a physical
quantity produces absurd results for reasons more fundamental
than an incorrect choice of r . If the money values of water at
each time under each assumption (garden later or f re now) are
5 The phrase A is worth xB in the present context does not denote a theoretical
philosophical judgment, but the precise normative behavioral claim that
society should be willing to actually give up A for x units of B indifferently.
Policy choice is an act of exchange.
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calculated, these may be appropriately discounted in the usual
way, but discounting the physical quantity will not indicate
these differential values for many cases, including the present
one of iLUC GW estimation.

The purely physical assessment of radiative forcing can be
amended to incorporate social preferences typically included
in policy analyses, the simplest being the preference to have
benef ts sooner rather than later as ref ected by computing a
net present value (NPV) using a discount rate r . However,
discounting is correctly applied only to economic rather than
physical quantities, so before such economic analysis can be
meaningfully pursued the relationship between physical and
economic quantities must be established. This relationship
can be described in a damage function, D(RF f (t), t). A
complete and realistic damage function is beyond the scope of
this paper. However, among the relevant physical quantities
discussed above, the radiative forcing RF(t) is the most
appropriate starting point, since this is the most straightforward
measurement of the extra heat absorbed by the planet as a
result of biofuel use, and it is this heat that drives many
of the damages caused by climate change [7, p 210]. A
highly simplif ed approximate damage function, D(t), treats
economic damage as directly proportional to RF(t) with a
proportionality constant that is invariant in time such that:

D(t) ∼= dRF(t) (6)

where d is the damage proportionality constant6. Using
this damage function, an especially appropriate approximation
for the small increments and decrements in GHG emission
associated with fuel policies, and an appropriate discount rate
allow computation of a net present value (NPV):

NPV =
∫ ta

0

dRF(t)

(1 + r)t
dt . (7)

We emphasize that discounting a stream of emissions with long
residence times is not a satisfactory approximation. Comparing
the NPV of the biofuel case b and reference gasoline case g
over the analytic time horizon allows for the computation of an
economic FWPe

FWPe ≡ NPVb

NPVg
. (8)

For the simple cost function discussed above, the damage
proportionality constant d cancels out of the FWPe calculation.
For the limiting case r = 0, FWPe = FWPp.

For use in regulations based on ratings measured in g
CO2e MJ−1, either FWP can be scaled by the GWI of the
baseline petroleum fuel to produce a commensurate biofuel
fuel warming intensity (FWI):

FWIx = FWPx × GWIbaseline (9)

where x is either p or e to specify a physical or economic fuel
warming intensity.
6 The authors do not suggest that the true damage is adequately captured by
such a simple expression, especially the implication that the damage constant is
constant over time. Reductions in radiative forcing that occur after irreversible
calamities—such as the failure of the Gulf Stream, or the Greenland ice cap
melting or sliding into the sea—may be described with time-dependent damage
functions more complex than ours.

3. Methods

To demonstrate the importance of the differences between
biofuel and petroleum-based GHG discharge prof les, we have
developed the Biofuels Time Integrated Model of Emissions
(BTIME)7. BTIME can be easily parameterized by users with
values corresponding to different LUC model results. We
present it here with parameters distilled from iLUC modeling
results based on the GTAP model [12, 11] and ecosystem
carbon data from Woods Hole Research Center [19, supporting
online materials] to generate a CO2 emissions scenario for
maize ethanol and gasoline8.

Emissions over time are estimated for the following
streams:

(1) Immediate loss of above-ground biomass carbon.
(2) Loss of 25% of below-ground carbon in the top 1 m of

soil. Of this 25%, 80% (20% of the total) is lost in the
f rst 5 years, and 20% (5% of the total) is lost over the
subsequent 20 years [5]. The model can be adjusted to
ref ect other emission prof les for below-ground carbon.

(3) Foregone sequestration. Following Searchinger et al [19],
we assume that the conversion of forest to cropping results
not only in loss of sequestered carbon, but in the loss
of future sequestration that would have occurred had the
forest been left standing. These are treated as ‘emissions’
occurring over a variable number of years, depending on
model parameters.

BTIME tracks the accumulation of CO2 in the atmosphere
for maize ethanol capacity brought on-line in 2010, and the
gasoline it displaces. To track how much of the released
CO2 remains in the atmosphere we use the revised version of
the Bern Carbon cycle model, assuming a background CO2
concentration of 378 ppm [13, 15]. Specifica ly, the decay of a
pulse of CO2 at time t is given by

a0 +
3∑

k=1
ake

(
−t
τk

)
(10)

where a0 = 0.217, a1 = 0.259, a3 = 0.338, τ1 = 172.9 years,
τ2 = 18.51 years, and τ3 = 1.186 years9.

3.1. Model limitations

In the model, we make several simplif cations that could be
corrected in a more elaborate version:

(1) The decay rate for atmospheric CO2 assumes a constant
background concentration in the atmosphere.

7 The BTIME model is described further in the supporting materials, and can
be downloaded from http://rael.berkeley.edu/BTIME.
8 BTIME does not purport to be a complete model of the climate effects
of increased biofuels production. The model does not include the full
range of indirect effects (e.g., changes in methane emissions from rice and
livestock production or changes in fossil fuel use), nor does it include changes
in biogeophysical phenomena (e.g., albedo, surface roughness, and latent
heat f ux) or non-GHG emissions (e.g., black carbon, aerosols, and ozone
precursors). More research is required in all of these areas. The general
framework presented can accommodate these factors within the globally
averaged radiative forcing term once estimates exist.
9 BTIME tracks the decay of each term in the sum separately.
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(2) We assume that the radiative eff ciency of the GHG is
constant.

(3) We treat iLUC and ongoing emissions as if they were
entirely CO2.

(4) We neglect non-GHG radiative forcing effects.

The radiative forcing of a pulse of a particular GHG depends
both on its radiative eff ciency and the quantity of gas
remaining in the atmosphere. Radiative eff ciency for a
marginal unit of CO2 decreases non-linearly as the background
concentration of CO2 in the atmosphere increases, while for
methane and N2O the relationship is approximately linear [7].
At the same time as radiative effic ency decreases, CO2’s
residence time in the atmosphere will increase owing to a
slowing of CO2 removal from the atmosphere. Decreasing
marginal radiative eff ciency for CO2 and a slowing decay
rate for atmospheric CO2 partially balance out [16]. Indeed,
the IPCC’s GWPs ignore the effect of changing background
concentration as well. Both corrections are absent in our
model. A more complete analysis should include both of these
corrections, and should also account for GHGs other than CO2.

The relevant non-CO2 GHGs in the biofuels life cycle
are N2O and CH4. N2O releases are affected by yield
intensif cation of crops, especially crops fertilized with
nitrogen compounds, and CH4 is especially affected by
livestock production changes. Both of these changes occur as a
result of market signals associated with increased or decreased
production of any biofuels that compete with food for land.
The current model simply converts all GHG emissions to CO2e
using GWPs from the IPCC’s Fourth Assessment Report [7].
This treatment does not ref ect the actual behavior of the gases
in the atmosphere especially with respect to CH4, where it
underestimates effects over shorter time horizons. CH4 has
a much shorter lifetime in the atmosphere than CO2, which
partly explains the falling standard GWP value for CH4 as the
time horizon of analysis grows (75 for a 20 year time horizon
versus 25 for a 100 year time horizon) [7, table 2.14]. However,
according to the GREET 1.8b model, CH4 emissions make up
less than 5% of total CO2e emissions in the maize ethanol
life cycle and even less in the gasoline life cycle, so we do
not expect omitting its proper treatment in the current model
to signif cantly inf uence the outcome [21]. N2O emissions,
however, constitute about 25% of CO2e emissions for maize
ethanol and only 1% for gasoline [21], so its current treatment
in BTIME requires explanation. The mean lifetime of N2O in
the atmosphere is approximately 114 years, not too different
from the average life time of CO2, and its GWP only changes
by 3% between a 20 and 100 year time horizon [7, p 212].
Thus, while our treatment of N2O in a CO2e form is imperfect,
the outcome would not change signif cantly from its correct
treatment since its relative behavior compared to CO2 does not
vary signif cantly over the time horizons used in our model.

4. Results

We emphasize that this paper is concerned with the
methodology embodied in BTIME, and not any particular
estimate of LUC emissions for any particular biofuel. To

Figure 1. CO2 emissions and resulting atmospheric abundance for
gasoline (25 years at 94 g CO2e MJ−1) and maize ethanol (25 years
at 60 g CO2e MJ−1 plus iLUC discharge of 776 g CO2 MJ−1 and
foregone sequestration totaling 102 g CO2 MJ−1; post-cultivation
recovery of 50% of the lost biomass carbon over 30 years).

illustrate the importance of this methodology, we report the
effect of applying it to LUC estimates from our GTAP
work [12] (which are much lower than Searchinger’s).
Assuming that maize ethanol is produced for 25 years starting
in 2010 with direct life cycle emissions of 60 g CO2 MJ−1

versus 94 for gasoline, and that the converted ecosystems revert
over 30 years to hold 50% of the carbon held before cultivation,
we project the annual emissions streams for maize ethanol and
gasoline shown in f gure 1 with dashed lines. Using the Bern
carbon cycle model [7] we compute the increased abundance
of CO2 in the atmosphere over time, (solid lines).

The maize ethanol emissions stream depicted by the
dashed orange line begins with a large release as land is cleared
(directly or indirectly) for biofuels feedstock cultivation,
followed by f ve years in which soil carbon is released
rapidly and twenty years of slower release [5]. After the
ethanol production ceases in 2035 we assume a small annual
carbon sequestration through 2065 as land reverts in part to
its original condition (other ways to handle post-cultivation
LUC are discussed further in SOM). The emissions prof le
of gasoline displaced MJ-for-MJ has no initial release and
f xed production/use emissions over the time in which biofuel
is being produced. The solid lines show the abundance of
extra CO2 in the atmosphere for the two cases, which is the
sum of new releases subject to gradual reduction through the
functioning of the carbon cycle. The implicit policy choice
is between obtaining the same amount of fuel energy by
following the black or orange paths.

For the f rst 15 years of production the maize ethanol
case leads to higher CO2 abundance, and after that gasoline’s
is higher. This crossover should not be interpreted as a
‘break-even’ point, because at this crossover, the planet has
been warmer for the preceding 15 years in the maize ethanol
case, leading to damage that remains at the crossover point
manifested in higher sea levels, more ecosystem damage, and
retained heat in reservoirs like the ocean.

A physical ‘break-even’ occurs with equal cumulative
warming, as is captured in the FWP and FWI metrics described
below. We assume that after 25 years, the maize ethanol
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Figure 2. Fuel warming intensity (g CO2 MJ−1) versus analytic
horizon.

production and the displaced gasoline emissions cease. The
post-cultivation period has some recovery sequestration for
ethanol and signif cant reductions in CO2 abundance for both
species as the carbon cycle absorbs some of the atmospheric
carbon.

Figure 2 illustrates the difference between the physical and
economic metrics, and the effect of discount rate on the result.
In this f gure, the y axis indicates the relative performance
of maize ethanol to gasoline and the x-axis reflec s different
analytical horizons.

The FWIp for maize ethanol (light blue line) shows that
using this biofuel results in greater warming than does using
gasoline over analytic horizons of less than 50 years. For a
30 year analytic horizon the ethanol’s FWIp is 15% higher
than gasoline’s. To compare this result to earlier work, note
that the parameters used in our model would show biofuel
emissions 5% lower than gasoline’s if the annual emissions
were simply averaged, even over 30 production years [19].
Over a 100 year analytic horizon, biofuel production shows an
8% benef t versus gasoline, and this result is highly dependent
upon the assumption that the land reverts toward a natural
state following biofuel production. The extent of ecosystem
recovery after biofuel production ceases decades from now is
unknowable, therefore crediting a biofuel with this regrowth
may be inappropriate. Excluding this credit results in the FWIp
of the modeled ethanol being 4% greater than that of gasoline
after 100 years.

Non-zero discount rates further degrade the benef ts of
projected future fuel production and reduce sensitivity to
assumptions regarding post-production regrowth. With a 3%
discount rate and 100 year analytic horizon, the FWIe of
ethanol is 3% greater than that of gasoline; with a 7% discount
rate ethanol’s FWIe is 16% greater. Excluding land reversion
increases these spreads to 11% and 20%, respectively.

5. Conclusion

5.1. Summary

We developed a model of the cumulative radiative forcing
caused by the production and use of biofuels and gasoline,

including emissions from biofuels-induced land use change
(LUC). Our model aggregates GHG emissions that occur over a
signif cant span of time into a global warming intensity metric
that better represents the climate effects of fuel substitution.

Properly treating emissions and decay over time increases
the importance of near-term emissions since the cumulative
warming and associated damages from those emissions, for
any f nite analytic horizon, are more severe. Compared to
approaches that simply sum GHG emissions over time, we
show that recognizing the physics of atmospheric CO2 decay
and radiative forcing significa tly increases the estimated
climate effects relative to fossil fuel for any biofuel causing
LUC. We also show that economic discounting is only
applicable to costs and benef ts, not to physical phenomena that
generate them, unless their economic value is stable over time.
Cumulative radiative forcing is a better proxy for economic
damages than the sum of GHG f ows, and as such is a more
appropriate quantity to which to apply discounting.

We propose a new measure of the climate performance
of biofuels, fuel warming potential (FWP), define as the
ratio of the cumulative radiative forcing caused by the life
cycle GHG emissions from a biofuel relative to that of its
fossil substitute. Where discounting is desired, we propose an
‘economic’ version of the FWP, def ned as the ratio of the net
present values of the cumulative radiative forcing from the two
fuels. Any positive discount rate magnif es the importance of
early emissions.

We also def ne a metric called fuel warming intensity
(FWI), which simply multiplies either version of FWP by the
global warming intensity of direct emissions (in units of g
CO2e MJ−1) of the fossil fuel (e.g., gasoline) to produce a
quantity with suitable units for use in fuel regulations.

Finally, we note that large initial GHG discharges are not
unique to crop-based biofuels. Analysis of any GHG-reducing
technology with large up-front capital investments (nuclear,
tidal, wind, photovoltaics) should similarly account for up-
front GHG discharges (for example, from cement manufacture)
as we do here.

5.2. Policy considerations

To achieve real climate benef ts, ‘low carbon’ biofuel policy
must recognize the importance of early emissions, and climate
policies should use performance metrics that ref ect cumulative
warming rather than GHG f ows.

Operationalizing the approach recommended herein
forces the regulator to choose values for several inf uential
model parameters, particularly the analytic horizon. An
analytic horizon extending into decades requires predictions
about the expected cultivation period and post-cultivation
LUC, decisions on how post-cultivation LUC emissions should
be credited, and assessment of the time-value of benefi s and
costs. Benef t–cost analysis brings with it the need to settle
on a reasonable damage function and an appropriate discount
rate as well. Policymakers may f nd it appropriate to focus on
more certain, near-term climate impacts, in which case a short
horizon physical FWI is suff cient. For short analytic horizons,
discounting has little effect and post-cultivation LUC occurs
beyond the system boundary.
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EPA Lifecycle Analysis of Greenhouse 
Gas Emissions from Renewable Fuels 

As part of proposed revisions to the National Renewable Fuel 
Standard program (commonly known as the RFS program), EPA 

analyzed lifecycle greenhouse gas (GHG) emissions from increased 
renewable fuels use. The Energy Independence and Security Act of 
2007 (EISA) establishes new renewable fuel categories and eligibil
ity requirements. EISA sets the first U.S. mandatory lifecycle GHG 
reduction thresholds for renewable fuel categories, as compared to 
those of average petroleum fuels used in 2005. The regulatory pur
pose of the lifecycle greenhouse gas emissions analysis is to determine 
whether renewable fuels meet the GHG thresholds for the different 
categories of renewable fuel. 

Lifecycle GHG emissions are the aggregate quantity of GHGs related to the full fuel 
cycle, including all stages of fuel and feedstock production and distribution, from 
feedstock generation and extraction through distribution and delivery and use of the 
finished fuel. The lifecycle GHG emissions of the renewable fuel are compared to the 
lifecycle GHG emissions for gasoline or diesel (whichever is being replaced by the 
renewable fuel) sold or distributed as transportation fuel in 2005. 

EISA established specific greenhouse gas emission thresholds for each of four types of 
renewable fuels, requiring a percentage improvement compared to a baseline of the 
gasoline and diesel. EISA required a 20% reduction in lifecycle GHG emissions for 
any renewable fuel produced at new facilities (those constructed after enactment), a 
50% reduction in order to be classified as biomass-based diesel or advanced biofuel, 
and a 60% reduction in order to be classified as cellulosic biofuel. EISA provides 
some limited flexibility for EPA to adjust these GHG percentage thresholds down
ward by up to 10 percent under certain circumstances. EPA is proposing to exercise 
this flexibility for the advanced biofuels category in this proposal. 

Office of Transportation and Air Quality 
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EPA must conduct a lifecycle analysis to determine whether or not renewable fuels produced 
under varying conditions will meet the greenhouse gas (GHG) thresholds for the different fuel 
types for which EISA establishes mandates. While these thresholds do not constitute a control 
on greenhouse gases for transportation fuels (such as a low carbon fuel standard), they do require 
that the volume mandates be met through the use of renewable fuels that meet certain lifecycle 
GHG reduction thresholds when compared to the baseline lifecycle emissions of petroleum fuel. 
Determining compliance with the thresholds requires a comprehensive evaluation of renew
able fuels, as well as of gasoline and diesel, on the basis of their lifecycle emissions. EISA defines 
lifecycle GHG emissions as follows: 

The term ‘lifecycle greenhouse gas emissions’ means the aggregate quantity of 
greenhouse gas emissions (including direct emissions and significant indirect 
emissions such as significant emissions from land use changes), as determined by 
the Administrator, related to the full fuel lifecycle, including all stages of fuel and 
feedstock production and distribution, from feedstock generation or extraction 
through the distribution and delivery and use of the finished fuel to the ultimate 
consumer, where the mass values for all greenhouse gases are adjusted to account 
for their relative global warming potential.1 

As mandated by EISA, the greenhouse gas emission assessments must evaluate the full lifecycle 
emission impacts of fuel production including both direct and indirect emissions, including sig
nificant emissions from land use changes. We recognize the significance of using lifecycle green
house gas emission assessments that include indirect impacts such as emission impacts of indi
rect land use changes. Therefore, in our proposal we have been transparent in breaking out the 
various sources of GHG emissions to enable the reader to readily detect the impact of including 
international land use impacts. 

EPA has analyzed the lifecycle GHG impacts of the range of biofuels currently expected to 
contribute significantly to meeting the volume mandates of EISA through 2022, including those 
from domestic and international sources. In these analyses we have used the best science avail
able. Our analysis relies on peer reviewed models and the best estimate of important trends in 
agricultural practices and fuel production technologies as these may impact our prediction of in
dividual biofuel GHG performance through 2022. We have identified and highlighted assump
tions and model inputs that particularly influence our assessment and seek comment on these as
sumptions, the models we have used and our overall methodology so as to assure the most robust 
assessment of lifecycle GHG performance for the final rule. 

The GHG lifecycle analysis combines a suite of peer-reviewed process models and peer-reviewed 
economic models of the domestic and international agricultural sectors to determine direct and 
significant indirect emissions, respectively (see Figure 1). As required by EISA, the broad system 
boundaries of our analysis encompass all significant secondary agricultural sector GHG impacts, 
not only impacts from land use change. The analysis uses economic models to determine the 
area and location of land converted into cropland in each country as a result of the RFS 

1 Clean Air Act Section 211(o)(1) 
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program. Satellite data are used to predict the types of land that would be converted into crop
land (e.g. forest, grassland). 

EPA’s draft results suggest that biofuel-induced land use change can produce significant near-
term GHG emissions; however, displacement of petroleum by biofuels over subsequent years can 
“pay back” earlier land conversion impacts. Therefore, the time horizon over which emissions 
are analyzed and the application of a discount rate to value near-term versus longer-term emis
sions are critical factors. We highlight two options. One option assumes a 30 year time period 
for assessing future GHG emissions impacts and values equally all emission impacts, regardless of 
time of emission impact (i.e., 0% discount rate). The second option assesses emissions impacts 
over a 100 year time period and discounts future emissions at 2% annually. Several other varia
tions of time period and discount rate are also discussed in the proposed rule. Table 1 provides 
draft GHG emission reductions that result under two time horizon/discount rate approaches 
for a sample of fuel pathways evaluated in the proposed rulemaking. Figures 1 and 2 break out 
emissions for each of these pathways by lifecycle component (e.g. fuel production, domestic and 
international and use change, domestic and international agricultural inputs) for the two time 
horizon/discount rate approaches. 

Table 1. Draft Lifecycle GHG Emission Reduction Results  
For Different Time Horizon And Discount Rate Approaches.  

100 year, 2% 30 year, 0% Discount 
Fuel Pathway Discount Rate Rate 

Corn Ethanol (Natural Gas Dry Mill) -16% +5% 

Corn Ethanol (Best Case Natural Gas 

Dry Mill)2 -39% -18% 

Corn Ethanol (Coal Dry Mill) +13% +34% 

Corn Ethanol (Biomass Dry Mill) -39% -18% 

Corn Ethanol (Biomass Dry Mill with 

Combined Heat and Power) 
-47% -26% 

Soy-Based Biodiesel -22% +4% 

Waste Grease Biodiesel -80% -80% 

Sugarcane Ethanol -44% -26% 

Switchgrass Ethanol -128% -124% 

Corn Stover Ethanol -115% -116% 

2 Best case plants produce wet distillers grain co-product and include the following technologies: 
combined heat and power (CHP), fractionation, membrane separation and raw starch hydrolysis 
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Figure 1. Net Lifecycle Greenhouse Gas Emissions By Lifecycle Component With 
100 Year Time Horizon And 2% Discount Rate. 
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Figure 2. Net Lifecycle Greenhouse Gas Emissions By Lifecycle Component With 
30 Year Time Horizon And 0% Discount Rate. 
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We believe that our lifecycle analysis is based on the best available science, and recognize that 
in some aspects it represents a cutting edge approach to addressing lifecycle GHG emissions. 
Because of the varying degrees of uncertainty in the different aspects of our analysis, we con
ducted a number of sensitivity analyses which focus on key parameters and demonstrate how our 
assessments might change under alternative assumptions. By focusing attention on these key pa
rameters, the comments we receive as well as additional investigation and analysis by EPA will 
allow narrowing of uncertainty concerns for the final rule. In addition to this sensitivity analysis 
approach, we will also explore options for more formal uncertainty analyses for the final rule to 
the extent possible. 

Because lifecycle analysis is a new part of the RFS program, in addition to the formal comment 
period on the proposed rule, EPA is making multiple efforts to solicit public and expert feedback 
on our proposed approach. EPA plans to hold a public workshop focused specifically on lifecycle 
analysis during the comment period to assure full understanding of the analyses conducted, 
the issues addressed and the options that are discussed. We expect that this workshop will help 
ensure that we receive submission of the most thoughtful and useful comments to this proposal 
and that the best methodology and assumptions are used for calculating GHG emissions impacts 
of fuels for the final rule. Additionally, between this proposal and the final rule, we will conduct 
peer-reviews of key components of our analysis. As explained in more detail in the section VI of 
the proposal, EPA is specifically seeking peer review of: our use of satellite data to project future 
the type of land use changes; the land conversion GHG emissions factors estimates we have 
used for different types of land use; our estimates of GHG emissions from foreign crop produc
tion; methods to account for the variable timing of GHG emissions; and how the several models 
we have relied upon are used together to provide overall lifecycle GHG estimates. 

Each component of our analysis is discussed in detail in the preamble and the Draft Regulatory 
Impact Analysis that accompany the Notice of Proposed Rulemaking. The proposed rule is an 
important opportunity to seek public comment on EPA’s entire lifecycle GHG analysis, includ
ing questions about land use modeling, and the choice of which time horizon and discount rate 
is most appropriate for this analysis. 

For More Information 
For more information on this proposal, please contact EPA’s Office of Transportation and Air 
Quality, Assessment and Standards Division information line at: 

U.S. Environmental Protection Agency 

Office of Transportation and Air Quality 

2000 Traverwood Drive  

Ann Arbor, MI 48105 


Voicemail: (734) 214-4636 

E-mail: asdinfo@epa.gov
 

Or visit: www.epa.gov/otaq/renewablefuels/index.htm 

�
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VIA EMAIL to a-and-r-docket@epa.gov 
    
December 7, 2009  
       
Air and Radiation Docket and Information Center 
Environmental Protection Agency 
Mailcode:  6102T 
1200 Pennsylvania Ave., NW. 
Washington, DC 20460 
  
Re: Prevention of Significant Deterioration (PSD):  Reconsideration of 
Interpretation of Regulations That Determine Pollutants Covered by the Federal 
PSD Permit Program; Docket No. EPA-HQ-OAR-2009-0597 
 
 

The Center for Biological Diversity (the “Center”) submits the following 
comments concerning the Reconsideration of Interpretation of Regulations That 
Determine Pollutants Covered by the Federal PSD Permit Program, Docket No. EPA-
HQ-OAR-2009-0597 (the “Reconsideration of Interpretation”).  The Center is a non-
profit environmental organization dedicated to the protection of imperiled species, their 
habitats, and the environment through science, policy, and environmental law.  The 
Center has over 225,000 members and online activists throughout the United States.  
These comments are filed on behalf of our members and staff with a vital interest in 
reducing greenhouse gases (“GHGs”) and other air pollutants.   

 
The interpretation of Clean Air Act Section 165 advanced in the Reconsideration 

of Interpretation document lacks any basis in the statutory text and should not be adopted.  
In Massachusetts v. EPA, the Supreme Court condemned EPA’s reliance on policy 
preferences and conclusions about congressional intent that were not grounded in the 
statutory text.  See 549 U.S. 497, 534-35 (2007) (“EPA must ground its reasons for action 
or inaction in the statute”).  As discussed below, EPA appears poised to repeat that same 
mistake here. 

 
I. Introduction 

 
In Massachusetts v. EPA, the Supreme Court determined unequivocally that 

GHGs are air pollutants within the meaning of the Clean Air Act (the “CAA” or the 
“Act”), and that EPA is authorized to regulate them.  549 U.S. at 532.  Notwithstanding 
that decision, former EPA Administrator Stephen Johnson issued an interpretive 
memorandum concluding that GHGs are not “subject to regulation” under the Act’s 
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Prevention of Significant Deterioration (“PSD”) program, set forth in Section 165(a)(4) 
of the Act.  EPA’s Interpretation of Regulations that Determine Pollutants Covered by 
Federal Prevention of Significant Deterioration (PSD) Permit Program (Dec. 18, 2008) 
(“Johnson Memo”).  Johnson concluded that the phrase “subject to regulation” applies 
only to pollutants already covered by a regulation requiring actual control of emissions.   

 
More than a dozen environmental organizations filed a petition asking the EPA to 

reconsider the interpretation advanced in the Johnson Memo.  Petition for 
Reconsideration In the Matter of: EPA Final Action Published at 73 FR 80300 (Dec. 31, 
2008) ( “Petition”), Docket No. EPA-HQ-OAR-2009-0597-0004.1  As the Petition 
pointed out, the Johnson Memo interpretation is contrary to the plain language of the 
statute and has already been rejected by the Environmental Appeals Board. See In re 
Deseret Power Electric Cooperative, PSD Appeal No. 07-03 (EAB Nov. 13, 2008) 
(“Deseret”).  EPA granted the Petition.   

 
Although EPA is now nominally reconsidering the Johnson Memo and soliciting 

comments on how to interpret the phrase “subject to regulation” in Section 165(a)(4) of 
the Act, the agency continues to express a strong preference for retaining—and even for 
bolstering—the Johnson Memo’s interpretation.  EPA’s primary justification for this 
preference is not the statutory language, as nothing there can be found to support it.  
Rather, it is clear that EPA’s argument is almost entirely grounded in a practical desire to 
go about regulating GHGs in a particular manner. 2  Confronted with a statute that 
requires it to take action more expeditiously than it would otherwise prefer, EPA has 
found a regulatory ambiguity where none exists, and in the process has attempted to avail 
itself of a degree of discretion that the statute does not confer—and in fact precludes. 

 
The phrase “subject to regulation” is not ambiguous, and it cannot be redefined to 

enlarge EPA’s authority beyond the scope of the statute.  EPA’s interpretation—that a 
pollutant is not “subject to regulation” until EPA decides to subject it to nationwide, 
binding, numerical emissions control limits—effectively would allow the agency 
complete and exclusive control over whether and how GHGs are to be regulated under 
the Act.  Although EPA might prefer an interpretation that would allow it to proceed only 
if and when it sees fit, the statute does not confer any such wide-ranging authority.  
Administrative legerdemain often turns from benign neglect to lethal harm for those 
exposed to the pollutants and, in the case of GHGs, to potentially catastrophic 
consequences on a global scale.  EPA’s redefinition of the phrase “subject to regulation” 
is unsupported and contrary to the Act’s purpose and intent.   
 

In accordance with the plain language of the statute, the PSD program becomes 
applicable to GHGs and other pollutants whenever they become “subject to regulation.”  

                                                 
1  The Petition is hereby incorporated by reference as if fully set forth herein.   
2  EPA has requested commenters to address the issue of statutory construction as it relates to all pollutants, 
not just to GHGs.  However, EPA has cited no other pollutants raising similar concerns.  Given that 
concerns about regulating GHG emissions underlie Massachusetts v. EPA, the Johnson Memo, the In re 
Deseret decision, the Petition, and in many ways this Reconsideration of Interpretation, this comment will 
focus on GHGs.  In any event, the analysis expressed herein is equally applicable to any other pollutants. 
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This already has occurred as a result of Massachusetts v. EPA.  This also could occur in 
any of the various ways outlined in the Petition: through a regulation to monitor or report 
emissions; through a regulation that approves the inclusion of regulatory requirements in 
a SIP; through a finding that pollutants endanger public health or welfare; or through a 
regulation that grants a Section 209 waiver.  By any of these measures, GHGs already are 
“subject to regulation” under the Act, and the time to begin issuing PSD permits for these 
pollutants already has passed. 

 
II. Analysis  
 
The PSD program is a preconstruction review and permitting program that applies 

to new or modified major stationary sources with the potential to emit in excess of certain 
amounts of a pollutant in areas in attainment of national air quality standards.  CAA § 
165, 42 U.S.C. § 7475.  The program is applicable “for each pollutant subject to 
regulation” emitted from such a stationary source.  CAA § 165(a)(4), 42 U.S.C. § 
7475(a)(4) (emphasis added).  Under the plain language of the statute, the PSD program 
is currently applicable to GHGs since they are “pollutants” and already are “subject to 
regulation” by EPA. 

 
A. Greenhouse Gases Are “Pollutants” 
 
It is now beyond dispute that GHGs are “pollutants” under the CAA.  The CAA 

defines “air pollutant” as “[a]ny air pollution agent or combination of such agents, 
including any physical, chemical, biological, [and] radioactive . . . substance or matter 
which is emitted into or otherwise enters the ambient air.”  CAA § 302(g), 42 U.S.C. § 
7602(g).  In Massachusetts v. EPA, the Supreme Court held that greenhouse gases, 
including CO2, are “without a doubt” physical chemical substances emitted into the 
ambient air and thus pollutants.  Id., 549 U.S. at 529.  Similarly, in its final 
“Endangerment and Cause or Contribute Finding for Greenhouse Gases” (Dec. 7, 2009) 
(“Endangerment Finding”), EPA has stated unequivocally that GHGs are air pollutants.    

 
B. GHGs Are “Subject to Regulation” 
 
The Supreme Court has determined that EPA “has the statutory authority to 

regulate the emission” of GHGs.  Massachusetts v. EPA, 549 U.S. at 532 (emphasis 
added).  At a minimum, then, EPA is authorized to regulate GHGs.  Where such 
authorization exists, it must be exercised “within defined statutory limits,” and all of 
EPA’s “reasons for action or inaction must conform to the authorizing statute.”  Id., at 
532-33.  In the case of the PSD program, the statute mandates that permitting be required 
for any pollutant that is “subject to regulation under this Act.”  CAA § 165(a)(4), 42 
U.S.C. § 7475(a)(4); see also 40 C.F.R. § 52.21(b)(50)(iv) (a “regulated NSR pollutant” 
is “[a]ny pollutant that otherwise is subject to regulation under the Act”).  Under 
Massachusetts v. EPA, GHGs are “subject to regulation” under the CAA in any normal 
sense of the phrase.  Indeed, given that EPA has already “regulated” GHGs in a number 
of ways, the statute plainly requires that permitting for GHGs commence immediately.   
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As a threshold matter, by focusing on the term “regulation,” the Johnson Memo 
and EPA’s reconsideration document largely ignore the plain meaning of the qualifying 
phrase “subject to.”  Contrary to EPA’s assertions, the “ordinary sense” of the phrase 
“subject to” conveys not only the accomplished fact of regulation, but also the potential 
or the authority for regulation.3  A sampling of readily available dictionary definitions 
confirms this.  The Merriam-Webster Online Dictionary defines “subject to” as, inter alia, 
“suffering a particular liability or exposure (subject to temptation); having a tendency or 
inclination: prone (subject to colds); contingent on or under the influence of some later 
action (the plan is subject to discussion); synonyms see liable.”4  EPA’s view of the 
phrase would divest the term of any implication of contingency; using the dictionary’s 
examples, EPA would define those “subject to” temptation or illness as only those who 
had already succumbed.  The Concise Oxford English Dictionary Online similarly 
defines the adjectival form of “subject,” specifically “subject to,” as “likely or prone to be 
affected by,”  “dependent or conditional upon,” or “under the control or authority of.”5  
Again, EPA’s rendering of the phrase strips it of most of its meaning.  The American 
Heritage Dictionary of the English Language likewise provides four definitions of 
“subject to,” only one of which even partially conveys immediate and actual control 
(“being in a position or in circumstances that place one under the power or authority of 
another or others”), and the other three of which convey entirely potential states (“prone” 
or “disposed”; “likely to incur or receive” or “exposed”; and “contingent or dependent”).6  
In any “ordinary sense,” therefore, GHGs are plainly “subject to regulation” on the 
authority of Massachusetts v. EPA alone. 

 
EPA has sought to avoid this conclusion by claiming that the term “regulation” is 

ambiguous.  Reconsideration of Interpretation, 74 Fed. Reg at 51,537.  That claim is 
incorrect. 7  In the Johnson Memo, former EPA Administrator Johnson turned to 
dictionary definitions of “regulation” to support the claim of ambiguity, including “a rule 
contained in a legal code,” “a rule or order, having legal force, [usually] issued by an 
administrative agency or local government,” and “to bring under the control of law or 
constituted authority,’” Johnson Memo at 7.  Yet none of these definitions suggests that 
the term “regulation” is ambiguous or contradictory.  Indeed, all of the definitions cited in 
the Johnson Memo would apply to any rule issued by the EPA, regardless of its subject 
matter, degree of complexity or importance, or extent of impact or burden on regulated 
entities.  Everything EPA has done or will do regarding GHGs will be “contained in a 
legal code,” have “legal force,” and bring entities or matters “under the control of law or 

                                                 
3 There is some discussion of the phrase “subject to” in EPA’s reconsideration document, but it is wholly 
conclusory; the agency simply asserts, ipse dixit, that “subject to regulation” means “already regulated.”  
Reconsideration of Interpretation, 74 Fed. Reg. at 51,545.   
4 Merriam-Webster Online Dictionary, “subject,” at http://www.merriam-webster.com/dictionary/subject 
(last visited Dec. 6, 2009). 
5 Concise Oxford English Dictionary Online, “subject,” at 
http://www.askoxford.com/concise_oed/subject?view=uk (last visited Dec. 6, 2009). 
6 American Heritage Dictionary of the English Language (4th ed., online), “subject,” at 
http://go.grolier.com/page?tn=/dictionary/word.html&dictionary=AHD4CAPI&id=S0841700 (last visited 
Dec. 6, 2009). 
7 To the extent the In re Deseret decision by the EAB can be read to support an argument of ambiguity, we 
disagree with it for the reasons stated herein. 
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constituted authority.”  Nothing in the word or any of its definitions suggests that such 
actions are “regulation” only if they require a particularized degree of burden or control 
over their subject matter (such as, for example, nationally applicable rules imposing 
particular emissions limitations).  Ironically, EPA’s attempt to define “regulation” more 
narrowly could invite a cascade of new arguments from both regulated industries and the 
public concerning which agency actions amount to “regulation,” creating uncertainty and 
confusion where none now exists.   

 
In any event, regardless of which definition of the phrase “subject to regulation” 

is employed, EPA has already “regulated” CO2, one of the GHGs, in a number of ways.  
In the original Federal Register notice promulgating the definition of a “regulated 
pollutant,” EPA stated that any pollutant regulated under Subchapter C of Title 40 of the 
Code of Federal Regulations was “subject to regulation” within the meaning of the Act.  
See Deseret at 38-39 (quoting Part 52 – Approval and Promulgation of State 
Implementation Plans, 43 Fed. Reg. 26,388, 26,397 (June 19, 1978)).  EPA has taken 
several such actions to date. 

 
For example, EPA has issued monitoring and reporting regulations for CO2 in 40 

C.F.R. Part 75, promulgated pursuant to Section 821 of the Clean Air Act.  See 42 U.S.C. 
§ 7651k note; Pub. L. 101-549; 104 Stat. 2699 (1990).   Under the definitions advanced 
in the Johnson Memo, these monitoring and reporting rules are “regulation”: they are 
contained in a legal code, have the force of law, and bring the subject matter under the 
control of law and the EPA.  EPA itself has characterized these monitoring and reporting 
requirements as “regulations.” Id.  And even if EPA’s “preferred” interpretation of 
“actual control of emissions” is applied to its monitoring and reporting regulations, the 
processes that must be utilized to monitor and report on CO2 emissions require actual and 
physical “control” of them, as the amount of emissions cannot be determined unless the 
gases are first in some way captured and controlled.  Moreover, EPA’s monitoring and 
reporting regulations prohibit any further operation of a facility that fails to comply.  40 
C.F.R. §§ 75.10(1), 75.5(d).   Even more strikingly, the failure to conduct required 
monitoring is subject to criminal sanctions, and a person who knowingly submits false 
monitoring reports may be subject to a felony prosecution. See, e.g. 42 U.S.C. § 
7113(c)(2), 18 U.S.C. § 1001.  The outright prohibition of the operation of any facility 
that does not monitor and report its CO2 emissions, and the threat of criminal sanctions, 
certainly “restrict” and “control” both that facility and the emissions of CO2 from that 
facility, and thus are “regulations” regardless of how the term is defined.   

 
EPA also has approved a state implementation plan revision submitted by the 

State of Delaware that directly establishes emissions limits for CO2.  Approval and 
Promulgation of Air Quality Implementation Plans; Delaware; Control of Stationary 
Generator Emissions, 73 Fed. Reg. 23,101(April 29, 2008).   Specifically, Delaware’s 
SIP revision imposed CO2 limits on new and existing distributed generators.  Delaware 
Department of Natural Resources and Environmental Control, Division of Air and Waste 
Management, Air Quality Management Section, Regulation No. 1144 (Jan. 11, 2006), at 
§ 3.0.  EPA issued a regulation that approved Delaware’s SIP revision “in accordance 
with the Clean Air Act.” 73 Fed. Reg. 23,101.  Section 110 of the Clean Air Act 
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mandates that EPA approve or disapprove SIPs; upon EPA’s approval, these CO2 

emission control requirements became part of an “applicable implementation plan” under 
the Act, and thus enforceable “regulations” under the Act.  E.g., 42 U.S.C. §§ 7602(q), 
7413 (a) (the violation of “any requirement” of an “applicable implementation plan” is 
enforceable by the EPA Administrator by compliance order, administrative penalty order, 
or civil action).  In addition, these CO2 emission limits are now enforceable by the citizen 
suit provisions of the Clean Air Act.  See 42 U.S.C. § 7604(a)(1), (f)(3).  Again, no 
ambiguity exists here; EPA has made CO2 “subject to regulation” regardless of which 
definition of the phrase is employed, even if that definition could be stretched beyond the 
reasonable to mean actual control of emissions. 

 
EPA’s issuance today of a final endangerment finding for GHGs emitted from 

automobiles also compels a determination that GHGs are “subject to regulation.”  See 
Endangerment and Cause or Contribute Findings for Greenhouse Gases Under Section 
202 of the Clean Air Act at 17, 27 (Dec. 7, 2009).  The Petition is correct that the PSD 
program was intended to apply prior to any formal endangerment finding.  Petition at 21.  
As the Petition points out, one purpose of the PSD program is “to protect public health 
and welfare from any actual or potential adverse effect which in the Administrator’s 
judgment may reasonably be anticipated to occur from air pollution or from exposures to 
pollutants in other media, which pollutants originate as emissions to the ambient air, 
notwithstanding attainment and maintenance of all national ambient air quality 
standards.” 42 U.S.C. § 7470(1).  That said, a final endangerment finding unequivocally 
subjects pollutants to “regulation” and triggers PSD requirements.  EPA characterizes an 
endangerment finding as a mere “prerequisite to issuing regulations that themselves 
impose control requirements,” 74 Fed. Reg. at 51,543, but under the plain text of the 
statute, such a finding makes actual regulation mandatory.  See, e.g., CAA §§§ 108, 111, 
202; 42 U.S.C. §§ 7408, 7411, 7521.  Following an endangerment finding for a pollutant, 
that pollutant is clearly “subject to” regulation.8 

 
Lastly, EPA has authorized California to implement its own CO2 emissions 

limitations under section 209(b) of the Act, 42 U.S.C. § 7509(b).  California State Motor 
Vehicle Pollution Control Standards; Notice of Decision Granting a Waiver of Clean Air 
Act Preemption for California’s 2009 and Subsequent Model Year Greenhouse Gas 
Emission Standards for New Motor Vehicles, 74 Fed. Reg. 32744 (July 8, 2009).  This 
authorization immediately allowed California and 10 other states to “regulate” CO2 under 
the Act.  In this case, “regulation” entails not only the control, but the drastic curtailment 
of CO2 emissions.  Throughout years of litigation, EPA has vehemently insisted that 
California is prohibited from controlling GHG emissions unless EPA first issues a 
“regulation” (the waiver) permitting those emission controls.  EPA has now issued the 
waiver, and is plainly estopped from claiming, as it does in the Reconsideration of 
Interpretation, that it has not actually controlled these emissions.  Estoppel alone should 
                                                 
8 EPA argues that this interpretation of the effect of an endangerment finding would read all meaning out of 
certain definitions of “regulated pollutant” at 40 C.F.R. section 52.21(b)(50)(i)-(ii) (including criteria 
pollutants and pollutants subject to new source performance standards).  But EPA’s argument suffers from 
the same flaw, in that it threatens to read all meaning out of section 52.21(b)(50)(iv) (including all 
pollutants “otherwise subject to regulation”) (emphasis added). 
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put an end to the false choices EPA now presents. 
 
Administrator Johnson grafted limitations onto the phrase “subject to regulation” 

that are nowhere to be found in the statutory text, arbitrarily and capriciously limiting the 
scope of the phrase to just one particular type of regulation—a “regulation adopted by 
EPA under the Clean Air Act that requires actual control of emissions.” Johnson Memo 
at 1.  In the Reconsideration of Interpretation, EPA not only credits Administrator 
Johnson’s interpretation, but seeks to narrow the definition even further.  Attempting to 
distinguish the overwhelming evidence showing that CO2 is now regulated under the Act, 
EPA concludes that “‘subject to regulation under the Act’ is best interpreted as those 
pollutants subject to a nationwide standard, binding in all states, that EPA promulgates on 
the basis of its CAA rulemaking authority.”  74 Fed. Reg. at 51,543.  With each iteration 
of its position, EPA moves further away from the clear import of the Act’s language and 
structure. Neither the plain meaning of Section 165(a)(4) nor the intent and purpose of 
the Clean Air Act permit such redefinition.  EPA should correct—not reaffirm—
Administrator Johnson’s erroneous interpretation.9 

 
C. Policy Concerns Do Not Support EPA’s Position 
 
The policy justifications EPA offers for its interpretation do not withstand 

scrutiny.  For example, EPA’s claimed need for additional time to study and research 
pollutants before the Act’s permitting program becomes applicable can easily be met 
without grafting new limitations onto the plain text of Section 165.  EPA can conduct 
such study and research before EPA issues any regulation concerning a pollutant 
(including, for example, a regulation to monitor the pollutant).  Where applicable, EPA 
can (and does) review and evaluate the studies and research conducted by states that have 
already promulgated a state implementation plan (“SIP”) that regulates the pollutant.  
EPA can (and does) further study and research the pollutant during the already lengthy 
process of determining whether and what kind of permit should be required under the 
PSD program.  Nothing in the Act, or anywhere else, supports the contention that the 
Act’s permitting program does not apply until after the Agency has already issued a 
specific regulation actually controlling GHG emissions.   

 
EPA, long prone to ignoring deadlines explicitly spelled out in the CAA until 

finally forced to proceed by court decree, cannot avail itself of additional, non-statutory 
de facto extensions of time to fulfill its statutory obligations.  Nor can the agency simply 
choose by fiat to implement mandatory CAA requirements seriatim when the statute 
requires that they be contemporaneous and complementary.  Such actions would raise 
additional, unnecessary obstacles to the regulation of GHGs, in violation of the plain 
language of the Act.  EPA need look no further than its own endangerment finding to see 
that this is problematic; in the face of compelling evidence that GHG pollution poses a 

                                                 
9 EPA’s invitation to commenters to submit proposed language for codification of its interpretation, 74 Fed. 
Reg. at 51,547, is inappropriate.  If EPA wants to rewrite its regulations, it must propose regulatory 
language and invite comments on that language, so that all members of the public and interested parties can 
evaluate the proposed text. 
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serious risk to public health and welfare, sound public policy militates against such an 
absurd result. 
 
  Conclusion  
  

The plain statutory language of Section 165, read in light of the structure and 
purpose of the Clean Air Act and the Supreme Court’s clear direction in Massachusetts v. 
EPA, leave no room to contend that GHGs are not already “subject to regulation.”  
Moreover, EPA’s regulations requiring monitoring and reporting of CO2, its regulations 
approving GHG emissions limitations by means of a SIP through Section 110, and its 
regulations granting a waiver under Section 209(b), constitute “regulation” of the 
greenhouse gas CO2 under the Act, regardless of which dictionary definition of the word 
“regulation” is employed.  See Chevron U.S.A., Inc. v. Natural Resources Defense 
Council, 467 U.S. 837, 842-43 (1984) (where Congress has directly spoken to the 
question at issue, the agency must give effect to the unambiguously expressed intent of 
Congress).  There is no ambiguity in Section 165, but even assuming arguendo that such 
ambiguity existed, GHGs would be presently “subject to regulation” no matter how that 
phrase was interpreted.  EPA should abandon its artificial and unsubstantiated 
interpretation of Section 165 and proceed immediately with the PSD program for GHGs. 

 
We are not entirely unsympathetic to the challenges associated with regulating 

GHGs under the Act, and we support EPA’s efforts to do so in the most thorough, 
scientifically credible, and expeditious manner possible.  Although EPA has made clear 
that it wants to approach GHG regulation in a particular way, adopting various 
regulations in a certain order, its approach still has to be grounded in the statute.  By 
proposing an interpretation of Section 165 that ignores both the plain meaning and EPA’s 
own prior interpretation of the statute, the agency has overreached. 

 
We appreciate the opportunity to comment on the Reconsideration of 

Interpretation and thank you for your consideration of these comments.   
  
Sincerely,   

  
Kevin Bundy  
Senior Attorney 
 






