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PEAKING OF WORLD OIL PRODUCTION: 
IMPACTS, MITIGATION, & RISK MANAGEMENT 

________________________________________________________________________ 
Robert L. Hirsch et. al.  

February 2005 
 
EXECUTIVE SUMMARY 
 
The peaking of world oil production presents the U.S. and the world with an unprecedented risk 
management problem. As peaking is approached, liquid fuel prices and price volatility will increase 
dramatically, and, without timely mitigation, the economic, social, and political costs will be 
unprecedented. Viable mitigation options exist on both the supply and demand sides, but to have 
substantial impact, they must be initiated more than a decade in advance of peaking. 
 
In 2003, the world consumed just under 80 million barrels per day (MM bpd) of oil. U.S. consumption 
was almost 20 MM bpd, two-thirds of which was in the transportation sector. The U.S. has a fleet of 
about 210 million automobiles and light trucks (vans, pick-ups, and SUVs). The average age of U.S. 
automobiles is nine years. Under normal conditions, replacement of only half the automobile fleet will 
require 10-15 years. The average age of light trucks is seven years. Under normal conditions, replacement 
of one-half of the stock of light trucks will require 9-14 years. While significant improvements in fuel 
efficiency are possible in automobiles and light trucks, any affordable approach to upgrading will be 
inherently time-consuming, requiring more than a decade to achieve significant overall fuel efficiency 
improvement.  
 
Besides further oil exploration, there are commercial options for increasing world oil supply and for the 
production of substitute liquid fuels: 1) Improved Oil Recovery (IOR) can marginally increase production 
from existing reservoirs; one of the largest of the IOR opportunities is Enhanced Oil Recovery (EOR), 
which can help moderate oil production declines from reservoirs that are past their peak production: 2) 
Heavy oil / oil sands represents a large resource of lower grade oils, now primarily produced in Canada 
and Venezuela; those resources are capable of significant production increases;. 3) Coal liquefaction is a 
well established technique for producing clean substitute fuels from the world’s abundant coal reserves; 
and finally, 4) Clean substitute fuels can be produced from remotely located natural gas, but exploitation 
must compete with the world’s growing demand for liquefied natural gas. However, world-scale 
contributions from these options will require 10-20 years of accelerated effort.  
 
Dealing with world oil production peaking will be extremely complex, involve literally trillions of dollars 
and require many years of intense effort. To explore these complexities, three alternative mitigation 
scenarios were analyzed: 
• Scenario I assumed that action is not initiated until peaking occurs. 
• Scenario II assumed that action is initiated 10 years before peaking. 
• Scenario III assumed action is initiated 20 years before peaking. 
 
For this analysis estimates of the possible contributions of each mitigation option were developed, based 
on an assumed crash program rate of implementation. 
  
Our approach was simplified in order to provide transparency and promote understanding. Our estimates 
are approximate, but the mitigation envelope that results is believed to be directionally indicative of the 
realities of such an enormous undertaking. The inescapable conclusion is that more than a decade will be 
required for the collective contributions to produce results that significantly impact world supply and 
demand for liquid fuels.  
 
Important observations and conclusions from this study are as follows: 



1. When world oil peaking will occur is not known with certainty. A fundamental problem in predicting 
oil peaking is the poor quality of and possible political biases in world oil reserves data. Some experts 
believe peaking may occur soon. This study indicates that “soon” is within 20 years. 

2. The problems associated with world oil production peaking will not be temporary, and past “energy 
crisis” experience will provide relatively little guidance. The challenge of oil peaking deserves 
immediate, serious attention, if risks are to be fully understood and mitigation begun on a timely 
basis. 

3. Oil peaking will create a severe liquid fuels problem for the transportation sector, not an “energy 
crisis” in the usual sense that term has been used. 

4. Peaking will result in dramatically higher oil prices, which will cause protracted economic hardship in 
the United States and the world. However, the problems are not insoluble. Timely, aggressive 
mitigation initiatives addressing both the supply and the demand sides of the issue will be required. 

5. In the developed nations, the problems will be especially serious. In the developing nations peaking 
problems have the potential to be much worse.  

6. Mitigation will require a minimum of a decade of intense, expensive effort, because the scale of 
liquid fuels mitigation is inherently extremely large.  

7. While greater end-use efficiency is essential, increased efficiency alone will be neither sufficient nor 
timely enough to solve the problem. Production of large amounts of substitute liquid fuels will be 
required. A number of commercial or near-commercial substitute fuel production technologies are 
currently available for deployment, so the production of vast amounts of substitute liquid fuels is 
feasible with existing technology. 

8. Intervention by governments will be required, because the economic and social implications of oil 
peaking would otherwise be chaotic. The experiences of the 1970s and 1980s offer important guides 
as to government actions that are desirable and those that are undesirable, but the process will not be 
easy. 

 
Mitigating the peaking of world conventional oil production presents a classic risk management problem: 
• Mitigation initiated earlier than required may turn out to be premature, if peaking is long delayed. 
• If peaking is imminent, failure to initiate timely mitigation could be extremely damaging. 
 
Prudent risk management requires the planning and implementation of mitigation well before peaking. 
Early mitigation will almost certainly be less expensive than delayed mitigation. A unique aspect of the 
world oil peaking problem is that its timing is uncertain, because of inadequate and potentially biased 
reserves data from elsewhere around the world. In addition, the onset of peaking may be obscured by the 
volatile nature of oil prices. Since the potential economic impact of peaking is immense and the 
uncertainties relating to all facets of the problem are large, detailed quantitative studies to address the 
uncertainties and to explore mitigation strategies are a critical need.   
 
The purpose of this analysis was to identify the critical issues surrounding the occurrence and mitigation 
of world oil production peaking. We simplified many of the complexities in an effort to provide a 
transparent analysis. Nevertheless, our study is neither simple nor brief. We recognize that when oil prices 
escalate dramatically, there will be demand and economic impacts that will alter our simplified 
assumptions. Consideration of those feedbacks will be a daunting task but one that should be undertaken.  
 
Our study required that we make a number of assumptions and estimates. We well recognize that in-depth 
analyses may yield different numbers. Nevertheless, this analysis clearly demonstrates that the key to 
mitigation of world oil production peaking will be the construction a large number of substitute fuel 
production facilities, coupled to significant increases in transportation fuel efficiency. The time required 
to mitigate world oil production peaking is measured on a decade time-scale. Related production facility 
size is large and capital intensive. How and when governments decide to address these challenges is yet to 
be determined.  
 
Our focus on existing commercial and near-commercial mitigation technologies illustrates that a number 
of technologies are currently ready for immediate and extensive implementation. Our analysis was not 



meant to be limiting. We believe that future research will provide additional mitigation options, some 
possibly superior to those we considered. Indeed, it would be appropriate to greatly accelerate public and 
private oil peaking mitigation research. However, the reader must recognize that doing the research 
required to bring new technologies to commercial readiness takes time under the best of circumstances. 
Thereafter, more than a decade of intense implementation will be required for world scale impact, 
because of the inherently large scale of world oil consumption. 
 
In summary, the problem of the peaking of world conventional oil production is unlike any yet faced by 
modern industrial society. The challenges and uncertainties need to be much better understood. 
Technologies exist to mitigate the problem. Timely, aggressive risk management will be essential. 
 
 
 



RESOLUTION ESTABLISHING THE PEAK OIL AWARENESS TASK FORCE 
 ________________________________________________________________________ 

Board of Supervisors of the City and County of San Francisco 
May 15, 2007 

Resolution acknowledging the challenge of Peak Oil and the need for San Francisco to prepare a plan of 
response and preparation 
 
WHEREAS, World oil production is nearing its point of maximum production ("Peak Oil") and will enter 
a prolonged period of irreversible decline leading to ever-increasing prices; and 
 
WHEREAS, The United States has only 2 percent of the world's oil reserves, produces 8 percent of the 
world's oil and consumes 25 percent of the world's oil, of which nearly 60 percent is imported from 
foreign countries; and, 
 
WHEREAS, The decline in global oil production threatens to increase resource competition, geopolitical 
instability, and lead to greater impoverishment; and, 
 
WHEREAS, National oil companies own 72% of remaining oil reserves and 55% of remaining gas 
reserves, and resource nationalism is increasingly dominating decisions of oil and gas development and 
trade relationships; and, 
 
WHEREAS, The availability of affordable petroleum is critical to the functioning of our transportation 
system, the production of our food and of petrochemical-based consumer goods, the paving of roads, the 
lubrication of all machinery, and myriad other parts of the economy; and, 
 
WHEREAS, San Francisco is entirely dependent on external supplies of petroleum, including the crude 
oil processed in Bay Area refineries; and, 
 
WHEREAS, Price signals of petroleum scarcity are likely to come too late to trigger effective mitigation 
efforts in the private sector, and governmental intervention at all levels of government will be required to 
avert social and economic chaos; and, 
 
WHEREAS, The Department of Energy-sponsored study on mitigation of Peak Oil demonstrated that a 
twenty-year lead time is required for effective mitigation, while current measures supported by the federal 
government will replace only three-weeks worth of gasoline consumption by 2012; and, 
 
WHEREAS, Alternative sources of transport fuels from coal and natural gas both require high energy 
input and increase total carbon emissions, and biomass-based fuels compete with soil fertility, impacting 
agricultural sustainability; and, 
 
WHEREAS, Substitution of petroleum with other fossil fuels threatens even greater damage to water, air, 
soil, and species diversity through their extraction and combustion; and, 
 
WHEREAS, North American production of natural gas has already peaked, and 46% of California's 
electrical supply is generated from natural gas; and, 
 
WHEREAS, San Francisco has demonstrated leadership in confronting challenges of environmental 
quality and energy security, promoting environmental and economic equity, and has a rich diversity of 
citizens committed to maintaining San Francisco's long-term viability; now, therefore, be it 
 
RESOLVED, That the Board of Supervisors of the City and County of San Francisco acknowledges the 
unprecedented challenges of Peak Oil; and, be it 
 
FURTHER RESOLVED, That the Board of Supervisors supports the adoption of a global Oil Depletion 



Protocol to provide transparency in oil markets, control price swings, address issues of equity in access to 
remaining oil resources, and provide a framework of predictability within which municipal governments 
can adjust to increasing oil scarcity; and, be it 
 
FURTHER RESOLVED, That the Board of Supervisors supports the undertaking of a city-wide 
assessment study in order to inventory city activities and their corollary resource requirements, evaluating 
the impact in each area of a decline in petroleum availability and of higher prices, with the aim of 
developing a comprehensive city plan of action and response to Peak Oil; and, be it 
 
FURTHER RESOLVED, That the Board of Supervisors urges the Mayor to provide funding and 
direction to city departments for the development of a response plan. 
 
 



 
 

ENVIRONMENT CODE: NEW APPROACHES TO SAFEGUARDING THE EARTH 
AN ENVIRONMENTAL VERSION OF THE HIPPOCRATIC OATH. 

 Jared Blumenfeld, August 2003 
 
A bold environmental code becomes law in San Francisco today, one whose overarching framework is 
called the Precautionary Principle. Through it, San Francisco is taking a significant step away from the 
Bush administration's anti-environmental policies. 
The Precautionary Principle sets out to improve the way we make environmental decisions. While the 
Bush team asks, "How much environmental harm will be allowed?," in San Francisco, decision-makers 
will ask a very different question: "How little harm is possible?" 
San Francisco is a leader in making choices based on the least environmentally harmful alternatives, 
thereby challenging traditional assumptions about risk management. The 11 existing laws consolidated in 
the Environment Code have introduced more than 700 zero- or low-emission vehicles to the city's fleet, 
conserved 6,800 trees and more than half-a-million gallons of water each year by purchasing recycled 
content paper, cut toxic- pesticide use in half and protected worker health by designing buildings that use 
less energy and other precious natural resources. 
We acknowledge that our world will never be free from risk. However, a risk that is unnecessary, and not 
freely chosen, is never acceptable. San Francisco's Precautionary Principle, enacted as part of the 
Environment Code, insists that environmental decision-making be based on rigorous science -- science 
that is explicit about what is known, what is not known and what may never be known about potential 
hazards. 
Unfortunately, in today's regulatory system lack of proof of harm is usually misinterpreted as proof of 
safety. In San Francisco, we want to create a means to take action despite scientific uncertainty about the 
degree of a given risk. Too often, regulatory agencies get stuck in "paralysis by analysis"; the new 
framework removes excuses for inaction on the grounds of scientific uncertainty. 
The costs of not taking precautionary action are often very high, as we've seen in the case of tobacco, lead 
and asbestos. Early scientific warnings about risks to health went unheeded by government agencies. As a 
result, billions of dollars have been spent to deal with the consequences of these problems. Costs include 
health care and health insurance, lost economic productivity, absenteeism, lost wages and cleanup. The 
Precautionary Principle process also requires decision-makers to consider possible impact to the local 
economy. 
Our Precautionary Principle calls for a careful analysis of a range of alternatives using the best available 
information. The goal of this process is to determine whether a potentially hazardous activity is necessary, 
and whether less hazardous options are available. For instance, our pesticide reduction program 
eliminated all of the most toxic chemicals used by city gardeners and identified less-toxic ways to solve 
weed and pest problems, some as benign as using goats to clear weed-choked hillsides or heat cannons to 
kill termites in walls. Science provides vital evidence for making these decisions. However, elected 
officials will ultimately use a combination of scientific data and judgments of what is necessary, useful 
and fair to make environmental decisions. 
Both locally and internationally, the public bears the direct consequences of environmental decisions. A 
government's course of action is necessarily enriched by broadly based public participation when a range 
of alternatives is considered. This concept of environmental democracy is deeply ingrained in San 
Francisco's Precautionary Principle. 
At the World Trade Organization, the Bush administration is fighting the European Union's right to 
restrict imports of genetically modified foods; beef containing hormones, and proposed legislation that 
would require some 30,000 chemicals now in use to be immediately registered with EU authorities. The 
failure of the United States to adopt the Precautionary Principle is yet another way in which we are 
ostracizing ourselves from the rest of the planet. 



San Francisco's Precautionary Principle presents a historic opportunity to refocus environmental decision-
making on reducing harm. In doing so, we are sending a message to Washington: The days of letting 
polluters and industries set our health and environmental agenda may be over sooner than you think. 



CLIMATE ACTION PLAN FOR SAN FRANCISCO: LOCAL ACTIONS TO REDUCE 
GREENHOUSE GAS EMISSIONS 

________________________________________________________________________ 
San Francisco Department of Environment & San Francisco Public Utility Commission 

September 2004 
 
Global Warming is real. The world’s leading climate scientists agree that human behavior is accelerating 
global warming, and that the world is already suffering the impacts of the resulting climate change. 
 
Climate Change will affect San Francisco. It is a global problem with local impacts. Rising temperatures, 
rising sea level, and more frequent El Niño storms could seriously threaten the City’s infrastructure, 
economy, health, and ecosystems with impacts such as: 

• Flooded roads, threats to the sewage system and Airport infrastructure 
• Increase asthma and respiratory illness due to higher ozone levels 
• Threatened Bay wetlands and marine life 
• Fishing and tourism industry impacts, high insurance and mitigation costs 

 
We have a responsibility to act. San Francisco is responsible for about 9.7 million tons of CO2 emissions 
per year. In 2002, the San Francisco Board of Supervisors passed the Greenhouse Gas Emission 
Reduction Resolution, committing the City and Council of San Francisco to a greenhouse gas emissions 
reductions goal of 20% below 1990 levels by the year 2012. The resolution also states that the Mayor and 
Board of Supervisors actively support the Kyoto Protocol, and calls upon national leaders to do as well. 
Federal inaction makes state and local action all the more important. The development of this Climate 
Action Plan, called for in the resolution, describes what San Francisco can do in order to achieve our 
greenhouse gas reduction goal.  
 
San Francisco has joined with over 500 cities around the world to participate in the Cities For Climate 
Change Protection (CCP) campaign, sponsored by the International Council for Local Environmental 
Initiatives (ICLEI). As part of the campaign, member cities have committed to: inventory their emissions 
of greenhouse gas; set reduction targets; develop comprehensive strategies to meet these targets; 
implement these emissions reduction actions; and measure these results. The criteria set by the CCP 
campaign have been used to define the scope and presentation of this Plan.  
 
The Climate Action Plan  

• Provides background information on the causes of climate change and projections of its impacts 
on California and San Francisco from recent scientific reports; 

• Presents estimates of San Francisco‘s baseline greenhouse gas emissions inventory and reduction 
target; 

•  Describes recommended emissions reduction actions in the key target sectors – transportation, 
energy efficiency, renewable energy, and solid waste management  - to meet our 2012 goal, and; 

• Presents next steps required over the next term to implement the Plan. 
 
Proposed Actions to Reduce San Francisco’s Greenhouse Gas 
In order to meet the emissions reduction target of 20% below 1990 levels by 2012 for San Francisco, a 
comprehensive set of actions must be set in motion. Existing program and activities are already reducing 
emission. These actions could be expanded to maximize their climate protection benefits. Initiatives can 
be put in place by city governments, businesses and citizens to meet our greenhouse gas emissions 
reduction goal.  
To develop a list of action items, The Climate Action Plan has drawn from several related plans and 
policies governing transportation, energy and recycling in the City, including the City’s Sustainability 



Plan, Electricity Resource Plan, Countywide Transportation Plan, Assembly Bill 939 recycling law, and 
others.  
 
Transportation 
A. Increase the Use of Public Transit as an Alternative to Driving  

• Expand Local Transit Service.  
• Increase Funding For Major Local Service Improvements. 
• Expand and Improve Regional Service and Connections. 
• Develop Regional Pass Systems. 
• Improve Safety, Customer Service and User-Friendliness of Muni. 
• Implement “Smart Bus” Technology. 
• Increase Marketing and Promotion of Public Transit. 
• Expand Transportation Impact Fee Assessment. 
• Create a Free Tourist Shuttle System. 

B. Increase the Use of Ridesharing as an Alternative to Single-Occupancy Driving.  
• Increase the Number of Miles of HOV Lanes. 
• Expand Carpool and Vanpool Designated Parking. 
• HOV Requirements in New Large Developments. 
• Implement School Ridesharing Programs. 
• Increase Marketing and Promotion of Ridesharing. 

C. Increase Bicycling and Walking as an Alternative to Driving. 
• Continue to Increase the Number of Bicycle Lanes, Routes and Paths.  
• Continue to Improve Safe Access and Passage on Pedestrian Walkways. 
• Improve Bicycle Access to Transit. 
• Continue to Improve and Expend Bicycle Parking Facilities.  
• Increase Workplace Shower Facilities for Bicyclists.  
• Increase Marketing and Promotion of Bicycling. 

D. Support Trip Reduction through Employer-Based Programs 
• Expand Employer Commute Assistance and Outreach.  
• Implement Countrywide Guaranteed Ride Home Program. 
• Conduct General Marketing and Promotion of Commuter Services.  
• Expand Employer Transportation Management Requirements. 

E. Discourage Driving 
• Increase the Gas Tax.  
• Implement Congestion Pricing and Cordon Toll. 
• Cap or Reduce the Number of Parking Spaces. 
• Collect Parking Lot Taxes from Hotels. 

F. Increase the Use of Clean Air Vehicles and Improve Fleet Efficiency 
• Lobby for Increased CAFÉ standards. 
• Support LEV/ZEV Sales Mandates in California. 
• Support State-Level Development of Greenhouse Gas Emissions Standards. 
• Implement Tired Vehicle Registration Fees Based on Vehicle Size of Emissions. 
• Introduce Tired Parking Rates Based on Vehicle Size.  
• Promote Bridge Toll and HOV Lane Waivers for AFV’s.  
• Lobby Regional Agencies to Open Grants for Private Sector Uses.  
• Support Efforts to Expand City CarShare.  
• Promote and Enforce Bus Idling Traffic Code. 

 



Energy Efficiency 
A. Increase Incentives, Direct Installation and Technical Assistance 

• Expand Residential Efficiency Programs. 
• Implement Residential Lighting Efficiency Programs. 
• Support Building Tune-Ups. 
• Increase Targeted Incentives.  
• Provide Large Account Energy Management Services. 
• Provide Turn-Key Commercial Retrofit Services. 
• Develop Comprehensive Energy Efficiency Programs for City Departments. 
• Implements Demand Management Program.  
• Develop Energy Services Available to All City Departments. 

B. Expand Education and Outreach 
• Develop Local Outreach Program. 
• Provide San Francisco Focused Training. 

C. Strengthen Legislation, Codes and Standards 
• Expand Energy Efficiency Requirements for Existing Buildings. 
• Strengthen Local Building Codes for New Construction and Renovation. 
• Support and Enforce Green Building Ordinance. 

 
Renewable Energy 
A. Develop Renewable Energy Projects 

• Implement Generation Solar.  
• Expand Solar PV Installation on Municipal Buildings. 
• Develop Large Scale Generation. 
• Research Develop Small Scale Wind Generation. 
• Research Biomass Energy Opportunities. 

B. Conduct Pilot Projects for Emerging Technologies 
• Implement Fuel Cell Pilot Projects. 
• Implement Tidal Power Pilot Projects. 

C. Support Develop Green Power Purchasing 
• Support Accelerated Implementation of California’s Renewable Portfolio Standard (RPS). 
• Evaluate Community Choice Aggregation for a Citywide Power Purchasing Pool. 
• Support Legislation to Allow the City to be Compensated for Exported Solar Power. 

 
Solid Waste 
A. Increase Residential Recycling and Composting 

• Expand Recycling and Composting Programs. 
• Expand Commercial Recycling. 
• Expand Commercial Composting. 

B. Increase Commercial Recycling and Composting 
• Expand Commercial Recycling. 
• Expand Commercial Composting. 

C. Expand Construction and Demolition Debris Recycling 
D. Support Alternate Collection Methods for Recyclable Materials 

• Increase Metals Recycling. 
• Support Community Drop-Off, Buy-back and Collection. 
• Support Recovery by Material Handlers.  

E. Promote Source Reduction, Reuse and Other Waste Reduction 
F. Expand Municipal Programs 



• Continue Sludge/Alternative Daily Cover Program. 
• Expand Recycling in City Facilities. 

 
The actions mentioned above will be necessary to meet San Francisco’s greenhouse gas reduction goal of 
approximately 2.5 million tons of CO2 per year by the year 2012. These actions surpass the pace of 
efforts now planned in the areas of transportation, energy efficiency, renewable energy and solid waste. 
Implementing the Climate Action Plan will, therefore, require increased, coordinated efforts in all of these 
areas. If San Francisco is to reach its reduction target by the year 2012, it is imperative that over the next 
1-3 years the City: 
 

• Accelerates and expands existing programs in all areas – transportation, energy efficiency, 
renewable energy and solid waste. 

• Develops the infrastructure to support new programs. 
• Secure resources to implement actions. 
• Sets up tracking mechanisms and indicators to measure progress. 
 

The City should set up a process to support City departments and private entities to integrate climate 
protection into their standard operating procedures. To be successful, this process must include 
participation of stakeholder groups and implementing agencies. As the coordinating agency, the 
Department of Environment (SF Environment) should: 
 

• Establish a City interdepartmental working group and an external advisory group to implement 
the Plan. 

• Establish and maintain a tracking system for the quantifying CO2 emissions and reductions. 
• Collaborate with other cities through ICLEI’s Cities for Climate Protection program. 
• Increase outreach and education activities (such as publishing brochures on “simple things you 

can do” for climate protection). 
• Seek grant funding from source such as the U.S. Department of Energy, U.S. Environmental 

Protection Agency (EPA), and California Energy Commission (CEC). 
• Document and report progress to decision makers and to the public.  
 

Implementing the Climate Action Plan will require ongoing commitment. Other City Departments such as 
San Francisco Public Utilities Commission (SFPUC), Muni and the Planning Department should allocate 
resource to implement the actions under their areas of expertise and jurisdiction, and to support 
participation in the interdepartmental working group. Working groups should guide the process by 
periodically reevaluating action priorities, target levels, and monitoring progress of emission reductions 
programs. The group should report back to the Board of Supervisors annually with findings and 
recommendations.  
 



THE ELECTRICTY RESOURCE PLAN  
___________________________________________________________________________ 

San Francisco Public Utilities Commission & San Francisco Department of Environment 
Revised December 2002 

 
California’s experiment with electricity deregulation and the energy crisis it spawned exposed the 
vulnerabilities of San Francisco’s electrical supply and highlighted environmental justice issues 
associated with fossil fuel generation. The City’s electricity is supplied by two old and polluting power 
plants at Hunters Point and at the base of Potrero Hill, and through overhead and underground 
transmission lines along a single pathway in San Mateo County. For years communities in the Southeast, 
where there is a high level of respiratory disease, have been calling for the shutdown of the Hunters Point 
plant. In 1998 PG&E and the Mayor signed an agreement to close the plant as soon as replacement power 
was available to assure reliability. 
 
In 1999, as part of the degradation process, PG&E sold its power plant at Potrero to an out-of-state 
merchant energy company. Mirant, the new owner, decided to expand the facility by adding a new power 
plant more than twice the size of the existing plant. That proposal has met with strong community 
resistance and has raised further alarm about environmental justice in the neighborhoods bordering fossil 
fuel plants. 
 
The City’s Board of Supervisors responded to this situation in May 2001 by unanimously passing an 
ordinance, “Human Health and Environmental Protections for New Electric Generation,” introduced by 
Supervisor Sophie Maxwell, who represents both Hunters Point and Potrero neighborhoods. The 
ordinance directs the San Francisco Public Utilities Commission (SFUC) and the Department of the 
Environment (SFE) to prepare an energy resource plan that considers all practical transmission, 
conservation, efficiency and renewable alternatives to fossil fuel electricity generation in the City and 
County of San Francisco.  
 
This Plan presents a framework for assuring reliable, affordable, and sustainable sources of electricity for 
current and future generations with the following notable milestones: 
 
a) By 2005, the City will enable the closure of the oldest of San Francisco’s fossil fuel plants at Hunters 
Point and the reduced operation of the second oldest plant at Potrero. This will be accomplished by 
developing sufficient replacement power through a combination of peak load reduction, energy 
efficiency, renewable energy and new clean technology generation.  
 
b) Following 2005, the large Potrero power plant can be shutdown with the development of transmission 
projects already being planned or the constriction of additional renewable or clean energy technology in 
the City. This Plan assumes there will be no need for the construction of a large central generation plant in 
San Francisco.  
 
c) Beginning with the closure of the Hunters Point power plant and throughout the planning horizon of 
this Plan, greenhouse gases will be reduced. The operationally flexible natural gas-fired power facilities 
proposed in this Plan will allow for gradual displacement of the existing fossil fuel generation by 
increased energy efficiency and renewable energy technologies, with long term goal of zero greenhouse 
gas emissions and minimal environmental impacts from the generation of electricity. 
 
 
 
 



If these milestones are met, San Francisco will have reduced its in-City fossil fuel capacity as well as its 
air pollution emissions. Figure ES1 shows that the net decrease kin fossil fuel use results in a 72% drop in 
in-City NOx levels by 2005.  
 

 
Goals 
During a series of public hearings, the following goals were identified to set priorities for this Plan: 

• Maximize Energy Efficiency 
• Develop Renewable Power 
• Assure Reliable Power 
• Support Affordable Electric Bills  
• Improve Air Quality and Prevent Other Environmental Impacts 
• Support Environmental Justice 
• Promote Opportunities for Economic Development 
• Increase Local Control Over Energy Resources 

 
Key Issues 
San Francisco is a constrained transmission area because of its location at the tip of a peninsula. During 
this period of peak demand, the city can import over existing transmission lines only about 60 percent of 
the power needed to meet its needs. Therefore, the California Independent Systems Operator (ISO) 
requires that power plants located in the city be operated to satisfy and maintain grid reliability. The 
existing power plants are now past normal operating life, inefficient, prone to failure, and many times 
more polluting than new power plants.   
 
The Hunters Point and Potrero communities consist of a high proportion of lower-income, predominantly 
non-white residents. These communities share a common concern for public health, especially that of 
children and the elderly, who are hospitalized for asthma and other diseases at higher rates than reported 
statewide. Air pollution is a contributing factor to these health problems. The Hunters Point and Potrero 
power plants, along with vehicles and industrial facilities, are sources of air pollution.  
 
Potrero Unit 3 and Hunters Point Unit 4 are subject to significant NOx emissions “bubble” that applies to 
multiple boilers owned by Mirant in the greater Bay Area. Air regulations require that power plant owners 
operate their fleet of boilers to meet an average NOx output. Mirant is currently evaluation alternative 
strategies for meeting these air regulations. One possible approach includes scheduling an extended 
outage of Potrero Unit 3 in 2004 to allow for pollution control retrofits. Given the current set of power 
resources available, such an outage would make the city more dependent on the Hunter Point Unit 4 and 



four diesel-fueled peaking power plants for reliability in 2004. The peaking plants are limited to 877 
hours of operation because of their high level of pollution.  
 
PG&E has indicated its desire to close the 44-year-old plant at Hunters Point and not to invest in emission 
reduction retrofits to meet the 2005 standards. If enforced to remain open beyond 2004 for reliability 
purposes, PG&E expects to operate Hunters Point without new emission control using emission reduction 
credits for NOx. Given these circumstances, it is extraordinarily important that the City develop a flexible 
short-term plan that will diminish, rather than increase reliance on Hunters Point and allow for the closure 
of Unit 4 by 2005.  
 
Both the proposed Mirant power plant (Unit 7) and a proposed PG&E transmission line on the peninsula 
(Jefferson to Martin) could provide sufficient additional load serving capacity to allow for the closure of 
Hunters Point. However, there is significant uncertainty as to when either resource could be available, but 
definitely by 2005. Therefore, the City needs to develop sufficient credible generation and local reduction 
alternatives that can be implemented by 2005. 
 
Complicating San Francisco’s vulnerable power situation is the state of flux California finds itself in as a 
result of its failed electricity restructuring scheme. Responsibility for planning for future electricity needs 
has been diffused through myriad state and federal agencies and the private sector. Consequently, the 
development of new electricity resources including generation, transmission, and load reduction are not 
being considered in a comprehensive fashion. 
 

 
 
 
 
 
 
 



Recommendations to Support an Action Plan 
Based on months of research, independent analysis, and public input, the SFPUC and SFE are 
recommending a strategy to shut down the Hunters Point power plant and Potrero Unit 3 and to set the 
City on a sustainable course that shows a progressive decline in dependence on fossil fuels. In order to 
meet the City's electric reliability requirements, implementation of the Plan should begin immediately. 
 
The main components of the Plan include: 
 
I. A Clean, Reliable Electricity Portfolio 
Demand Reduction through energy efficiency and load management: This is generally a cost-
effective means of reducing electricity load. The objectives are: 16 MW by 2004; 55 MW by 2008; 107 
MW by 2012. 
 
In San Francisco, demand reduction needs to be accomplished citywide. Since commercial users make a 
substantial contribution to peak demand they need to be targeted for peak reductions, with special focus 
on downtown buildings. The California Independent System Operator (ISO) gives priority to meeting the 
downtown network load in the event of a multiple transmission failures while allowing other areas to be 
blacked out on a controlled basis; therefore, every megawatt reduction in the downtown network makes 
in-city generation available to other areas in San Francisco and lessens the likelihood of blackouts. 
 
City-owned facilities will likewise be targeted for load reduction and will be managed by SFPUC. The 
Department of Environment oversees several efficiency programs for the private sector. These programs 
will have to be augmented to include incentives, changes in codes and standards, outreach, and training to 
achieve the goals of the Plan. 
 
Renewables: Programs to harness the sun, wind, water, and other natural sources will be a high priority. 
The objectives for renewables are: 7 MW by 2004; 28 MW by 2008; 50 MW by 2012. 
 
Solar power is an excellent distributed resource because of its modularity. It can be sized all the way from 
multi-megawatt systems down to hundreds of watts on residential roofs. The SFPUC will soon begin the 
City’s first large solar power development at the Moscone Center. This football -field sized showpiece 
will produce about 688 kilowatts. A second 600-kilowatt solar site is planned for the Southeast 
wastewater treatment plant. Other proposed municipal sites include the airport and the port. SFE will 
undertake an aggressive program to identify and develop sites in the private sector. 
 
There are wind technologies appropriate for urban applications, though the most significant amounts of 
wind power are outside the City in areas such as the Altamont Pass, where wind speeds and proximity to 
transmission can be met. Hetch Hetchy can build wind turbines at Altamont and at sites along its 
transmission right-of-ways.  
 
Tidal current and wave generation are in a pre-commercial development stage. The theoretical potential 
for these resources in the Bay Area is in the hundreds of megawatts of power. The City should seek 
partnerships with the federal and state governments in exploring the potential of these resources and take 
the lead in providing the opportunity for demonstration sites. 
 
Medium-sized Generation and Cogeneration: Mid-size plants of about 50 megawatts can provide high 
levels of reliability and could be built in several locations in San Francisco. This Plan assumes the 
megawatts needed to help shut down Hunters Point and Potrero Unit 3 are: 150 MW by 2004; 250 MW 
by 2008. 
 



These plants will be the most efficient gas-fired generators available and will be used as replacement 
generation for the old, polluting plants in the City. The quantity of new natural gas-fired generation 
should be based on a publicly reviewed reliability analysis. Whenever investment in demand-side 
management and sustainable resources can offset new fossil fuel development, this will be the City’s 
preferred course. 
 
Cogeneration is the production and use of electricity and heat from a single installation. It is favored 
because the total efficiency goes up when the heat created from combustion is captured and used. One site 
currently under consideration is a 50-megawatt cogeneration plant at 5th and Jessie Streets in the City. 
The present facility burns natural gas to boil water into steam. This installation could produce steam to 
feed into the existing district heating system, with 50 MW of electricity being generated as a byproduct of 
the steam production. Another possible site for a cogeneration system is the Mission Bay campus of the 
University of California, San Francisco where the potential for district heating is substantial. 
 
Small-scale Distributed Generation (DG): These include fuel cells, packaged cogeneration, and micro-
turbines. DG generators range from 10 kilowatt to 5 megawatts in size and usually support single 
facilities. The objectives are: 10 MW by 2004; 38 MW by 2008; 72 MW by 2012. 
 
The SFPUC will identify sites for municipal applications and the SFE will work with downtown building 
owners and other businesses to find appropriate sites and to facilitate installation. 
 
The effective deployment of distributed generation will require the cooperation of PG&E for 
interconnection to the grid, and the assistance of City departments in streamlining permitting. 
 
Transmission. An upgrade to an existing line and a new transmission line scheduled to be built on the 
Peninsula to service San Francisco will be necessary for long-term reliability, and should be supported by 
the City. At the same time the City should commit to securing a continually increasing percentage of 
renewable sources to feed into the transmission grid. 
 
II. Environmental Justice 
SFE will take responsibility for seeing that communities in Southeast San Francisco will benefit from the 
programs developed through this Plan. 
 
Air quality will be more effectively monitored as a measure of the success of the Plan. 
The department will also monitor and periodically report on bills for low-income residents and the 
dispersion of energy program benefits, including training, employment, and business development. 
 
III. Implementation and Review 
Implementation of the Plan needs to begin immediately to accomplish the 2004-2005 objectives. Relevant 
activities have already been initiated and can be expanded, as funding is available. Successful 
implementation of the Plan will require strong continued participation by the public and support from 
City officials. 
 
SFE and SFPUC will work with each sector of the San Francisco economy to promote efficiency, 
renewable energy and distributed technology for their facilities and to develop specific objectives and 
timelines. 
 
The Plan will be evaluated and updated to reflect new developments and SFE and SFPUC will submit an 
annual report to the Board of Supervisors on achievements and challenges of the energy program. 
 
 



Findings and Recommendations 
 
The San Francisco Public Utilities Commission (SFPUC) and the Department of the Environment (SFE) 
submit the following recommendations to support the implementation of an Electricity Resource Plan for 
San Francisco. In Ordinance 124-01, passed in May 2001, the Board of Supervisors called for plans to 
implement all practical transmission, conservation, efficiency, and renewable alternatives to fossil fuel 
generation in San Francisco. 
 
The recommendations are based on findings determined after detailed research and evaluation of San 
Francisco’s electric resources, nine public hearings, several energy forums, consultation with state energy 
policy makers about California’s electricity market and regulatory structure, as well as information 
obtained from monitoring the progress of proposed projects affecting San Francisco's electricity supply, 
including the licensing of a new power plant at Potrero. 
 
Findings 
San Francisco’s electric reliability remains vulnerable. Regulatory requirements and limitations continue 
to pose significant challenges in maintaining adequate reliability while improving air quality and public 
health.  
 
The following have been found to contribute to this situation: 
1. A. 1  San Francisco relies heavily on two aging, inefficient, and polluting power plant at 

Hunters Point and Potrero. The State Implementation Plan for the federal Clean Air Act 
requires that the owners of these plants significantly reduce emissions of oxides of 
nitrogen (NOx), a precursor of ground level ozone (smog) by January 1, 2005. Installing 
new pollution control technology on either of the plants would cost the owners and 
ratepayers tens of millions of dollars and could result in the extension of their operation 
for another ten to fifteen years. The installation of the pollution control equipment in 
2004 would require the shutdown of the main generators at each plant for three to six 
months, creating a major reliability problem as well as increased pollution if diesel-fueled 
peaking power plants are called into operation. 

1. A. 2  Analysis by the SFPUC and SFE demonstrate that retrofitting and continuing operation of 
both these old, large units would produce higher levels of pollution and health impacts 
than if they were replaced with new, cleaner technologies. Also, smaller-scale, distributed 
generation, including co-generation, can more easily be combined with renewables, 
energy efficiency, and peak load management to minimize the use of fossil fuel 
generation. The analysis further indicates that reliability would also be enhanced by 
distributed, mixed resources. 

1. A. 3  The City and the residents of Southeast San Francisco have made it clear that they want 
to shut down, rather than upgrade the Hunters Point plant. In order to close Hunters Point 
and to meet demand forecasts, there is a need for a projected 100-210 megawatts of in-
City replacement generation and load reduction, or new transmission, by 2005. That need 
grows to 249-317 megawatts by 2012. 

1. A. 4  Development of a proposed new 540 MW power plant (Unit 7) at the Potrero facility has 
been delayed in the regulatory review process and is now looking doubtful due to 
investors' current lack of confidence in the electricity market. It is now certain that the 
plant will not be operational by 2005 in time to provide the replacement power needed 
for the shutdown of Hunters Point. 

1. A. 5  San Francisco has transmission constraints that limit the amount of imported power. New 
transmission projects can increase the amount of power to be imported and limit the 
hours that in-City power plants need to operate. One project, the upgrade of the San 
Mateo to Martin line number 4 from 60 kV to 115 kV could be completed before the end 



of 2004. A new 230 kV transmission line from the Jefferson substation in San Mateo 
County to the Martin substation would provide another 350 MW of imported power to 
the City. The current schedule for completion of this transmission project is September 
2005. However, it is possible that this project could be delayed. 

1. A. 6  There is significant untapped potential for electricity load reduction through energy 
efficiency improvements and load management in existing buildings and new 
construction in both the public and private sectors. Energy efficiency investments reduce 
peak demand, thus avoiding the need to obtain the power from generating plants. Some 
projects have been identified and could be undertaken immediately. To be fully effective 
in addressing reliability in 2004-5, additional mechanisms for capturing this potential in a 
timely fashion would need to be developed. 

1. A. 7 There is demonstrable public support and opportunities for the development of solar, 
wind, and other renewable resources in and near San Francisco. A portfolio of electricity 
resources that includes an increasing proportion of renewables together with higher levels 
of energy efficiency can significantly reduce emissions of carbon dioxide and air 
pollutants, improve marine and wildlife habitats, lower noise levels, lessen visual 
impacts, and make a contribution to improved public health. 

1. A. 8  Small-scale renewable projects stimulate local economic development to a greater degree 
than do large-scale generation and transmission approaches, which tend to send most 
dollars out of the City. Renewables, together with other small-scale distributed 
generation, such as packaged co-generation and fuel cells, are appropriate applications 
for many public or commercial facilities in the City. 

 
Recommendations 
The City should take on the responsibility of planning and developing new electricity demand reduction 
sources and the most environmentally friendly power generation for San Francisco.  
 
This would require that: 
1. B. 1  The City periodically review and set annual targets for increasing the efficiency of 

electricity use and the amount of electricity produced by renewable sources of energy so 
that ultimately all of San Francisco’s electricity needs are met with zero greenhouse gas 
emissions and minimal impacts on the environment. 

1. B. 2  The City identify and promote common criteria for investments in energy efficiency, 
renewable energy, and fossil fuel powered generation. SFE will develop an economic 
value for public health and environmental impacts to be incorporated into the investment 
criteria. 

 
Through coordination with the Independent System Operator, PG&E and others, the City needs to 
determine more precisely the quantity of new power resources necessary to shut down the Hunters Point 
Power Plant Unit 4 by 2005 and avoid the retrofit of Potrero Power Plant Unit 3. Based on this 
coordinated determination of need, the City should develop a mix of efficiency, renewables, small- and 
mid-scale sources of generation including co-generation facilities and gas-fired peaking power plants--
and facilitate the construction of additional transmission capacity. Specifically,  
 
Energy Efficiency – 16 MW by 2004; 55 MW by 2008; 107 MW by 2012 
1. B. 3  The Department of the Environment should facilitate comprehensive energy efficiency 

implementation measures throughout the private sector, and the San Francisco Public 
Utilities Commission should aggressively implement energy efficiency projects in City 
facilities. 



1. B. 4  SFE and SFPUC should perform an energy use study of San Francisco’s commercial and 
residential buildings. Results of this study will be used to design targeted electricity 
demand reduction programs based on San Francisco’s unique energy use characteristics. 

1. B. 5  The Board of Supervisors should direct City agencies to develop guidelines, programs, 
and new codes designed to reduce demand in commercial and residential buildings in the 
public and private sectors. This should include: upgrading the Residential Energy 
Conservation Ordinance, re-instating the Commercial Energy Conservation Ordinance, 
and requiring City vendors to participate in energy efficiency programs. 

1. B. 6  The Board of Supervisors should adopt energy-efficient planning and building codes for 
new construction and major renovation projects in the public and private sectors (e.g. 
requiring district heating and cooling systems in new developments) and join other cities 
in adopting green building standards such as LEED (Leadership in Energy and 
Environmental Design). 

1. B. 7  A priority target for reduction is the peak demand among commercial and industrial 
facilities, particularly downtown buildings. SFE and SFPUC should work with downtown 
building owners and operators and the ISO to implement programs that incentivize load 
curtailment and load shifting during periods of peak demand. 

1. B. 8  SFE and SFPUC should work with other City departments, PG&E, and state and federal 
agencies to provide enhanced incentives to San Francisco businesses and residents for 
energy efficiency and peak load reduction (e.g., tax credits, rebates, rate incentives, and 
peak load management programs). 

1. B. 9  SFE should create a coordinated outreach program directing residents and businesses to 
available local energy efficiency services, local appliance suppliers, programs offered 
through PG&E and other organizations receiving Public Goods Charge funding, state and 
federal programs, and tax credits. 

1. B. 10  SFPUC should implement a design review program to make new municipal construction 
projects more energy efficient than required by state and local codes. 

1. B. 11  The SFPUC should continue to implement municipal energy efficiency programs in City 
buildings including large scale retrofits, energy management, recommissioning projects, 
maintenance, and staff training programs for existing facilities. 

1. B. 12  SFE and SFPUC should organize energy efficiency training for operations and 
maintenance staff, facility managers, and designers/specifiers in both the public and 
private sectors. 

1. B. 13  SFE should develop energy educational programs for schools, coordinating with 
successful national and state curricula programs. These should be integrated into the 
curriculum in the SFUSD, City College, as well as private schools and professional 
training programs. 

 
Renewable Energy – (Solar) 7 MW by 2004; 28 MW by 2008; 50 MW by 2012 
(Wind) 50 MW by 2008; 150 MW by 2012 
1. B. 14  SFE and SFPUC should identify locations for the installation of renewable energy 

systems in San Francisco on public and private buildings, and develop programs and 
funding mechanisms to put them in place through propositions B and H and other 
sources. 

1. B. 15  SFE and SFPUC should work with City Planning and the Department of Building 
Inspection to facilitate permitting and inspections of renewable energy projects. 

1. B. 16  The SFPUC should develop renewable energy sources to be conveyed through 
transmission lines that serve San Francisco. 

1. B. 17  SFE and SFPUC should work with other City departments to develop a local solar 
installation industry and bring renewable energy manufacturing and assembly to San 
Francisco. 



1. B. 18  The City, through the Board of Supervisors, should set targets for the quantity of solar 
and other renewable energy development in San Francisco over the next decade. 

1. B. 19  The Board of Supervisors should set a Renewable Portfolio Standard that would 
continually increase percentages of renewables in San Francisco’s imported electricity 
mix (to be supplied by renewable sources such as wind, solar, low-impact hydroelectric, 
geothermal and biomass). The Board should support Renewable Portfolio Standard 
legislation at the state and federal levels. 

1. B. 20  SFE and SFPUC should develop resources and infrastructure for the production of 
hydrogen as a fuel to convert or displace fossil fueled technologies. 

1. B. 21  SFE and SFPUC should seek partnerships with government agencies and private entities 
to explore the potential of advanced renewable technologies appropriate for San 
Francisco’s urban environment, including wind, tidal current, and wave generation. 

 
Medium-sized Generation/Co-generation – 150 MW by 2004; 250 MW by 2008 (replaces old fossil fuel 
generation) 
1. B. 22  The City should expeditiously develop sufficient highly efficient and operationally 

flexible new generating resources to enable the closure of Hunters Point Unit 4 by the 
end of 2004. The amount of new generation needs to satisfy ISO reliability requirements 
based on objective load flow analyses. 

1. B. 23  The City should facilitate the early retirement of Potrero Unit 3, to avoid costly upgrades 
and the extended operation of this outdated plant. New City power facilities used as 
replacement power must reduce air emissions. 

1. B. 24  The City should develop cost-effective co-generation applications at locations such as 
Mission Bay as an effective way of reducing the emission of greenhouse gases and 
improving electric system reliability. 

1. B. 25  The quantity of new natural gas-fired generation procured by the City should be based on 
an ISO-reviewed load flow study that determines the amount of power necessary to 
maintain system reliability while complying with all state and federal environmental 
regulations. All studies will be based on the latest ISO-accepted electricity demand 
forecast. Whenever investment in demand-side management programs and sustainable 
resources can offset new fossil fuel development to meet demand forecasts, this will be 
the City's preferred course. 

1. B. 26  SFE and SFPUC should annually evaluate the need to operate any city owned or 
controlled natural gas-fired generation. The evaluation will include an assessment of the 
latest electricity demand forecast and an assessment of the progress in energy efficiency, 
demand reduction, distributed generation, and renewable energy. Fossil fuel plants should 
only be used to serve city load and to meet reliability requirements as required by the 
ISO. 

 
Small-Scale Distributed Generation – 10 MW by 2004; 38 MW by 2008; 72 MW by 2012 
1. B. 27  SFE and SFPUC should develop or facilitate private and public sector projects for 

various distributed generation applications including fuel cells, packaged co-generation, 
and micro-turbines. Emergency diesel generators that do not have the best available 
pollution control technology should not be used except in genuine emergencies. 

1. B. 28  The City should seek to remove economic disincentives within the control of the CPUC 
for the development of distributed generation projects installed in San Francisco. 

1. B. 29  SFPUC should work with PG&E to research and identify the effects of distributed 
generation on the local distribution system. 

1. B. 30  SFE and SFPUC should work with PG&E, City Planning and the Department of Building 
Inspection to streamline the permitting and interconnection of distributed generation to 
the grid. 



 
Transmission – 100 MW by 2005; 450 MW by 2006 
1. B. 31  The City should advocate for the completion of the 60 kV to115 kV upgrade of the San 

Mateo-Martin transmission line number four before the end of 2004. 
1. B. 32  The City should support the Jefferson-Martin 230kV transmission line project and 

strongly advocate for a continual increase in the level of renewables in the electricity 
resource mix transmitted over the grid. SFPUC should work with PG&E to expedite its 
early approval and construction. SFE should monitor the EIR process to ensure the City’s 
expectations regarding environmental compliance/mitigation issues are met. 

 
Environmental Justice 
 
Findings 
2. A. 1  The neighborhoods of Southeast San Francisco have historically borne a disproportionate 

burden of environmental and health impacts represented by the Hunters Point and Potrero 
power plants. At the same time, these communities have not shared in the benefits of jobs 
and economic development that the electricity generation supports. 

2. A. 2  The most pressing issue facing the neighborhoods of Southeast San Francisco is the 
closure of old polluting power plants and the net reduction of pollution from the 
generation of electricity in the Southeast. 

2. A. 3  Significant potential exists for creating economic and employment opportunities for 
residents of Southeast San Francisco in the development of renewable energy sources and 
the expansion of energy efficiency programs. 

 
Recommendations 
2. B. 1  SFE and SFPUC will target low-income neighborhoods in San Francisco for the delivery 

of services and activities related to the development of the economic infrastructure for the 
efficiency and renewable energy industries. 

2. B. 2  SFE should monitor and periodically report on the dispersion of specific energy program 
benefits to Southeast San Francisco including training, employment, contracting, and 
business development opportunities. 

 
2. B. 3  SFE should work with other City departments to monitor and periodically report on 

carbon dioxide emissions, the reduction in air pollutants, and environmental impacts to 
Southeast San Francisco, the Bay, and sensitive habitats that are the result of electricity 
use and infrastructure. The results should be used to measure San Francisco’s 
environmental performance. 

 
2. B. 4  The Board of Supervisors should recommend that the Bay Area Air Quality Management 

District (BAAQMD) install a new air quality monitoring station in Southeast San 
Francisco. 

 
2. B. 5 The siting of any new fossil fuel generation in San Francisco must demonstrate a 

significant improvement in air quality and other environmental benefits in addition to 
cost-effectiveness using cost benefit analysis criteria that includes health and 
environmental values. 

 
 
 
 
 



Implementation and Review 
 
3. A. 1  In order to follow through on the recommendations made in this plan and to meet the 

identified goals, sufficient human and financial resources must be put in place. Some 
programs and projects are already underway, while others must be initiated and funded. 

3. A. 2  Successful implementation will require strong continued participation by the public and 
leadership by the City. The Chamber of Commerce and the business community are 
cooperating in promoting energy efficiency and distributed generation among their 
constituents. SFPUC and SFE are actively engaged with state energy agencies, PG&E, 
and community groups to coordinate efforts and resources in support of our goals. 

3. B. 1  SFE and SFPUC should identify specific objectives and develop timelines for the 
achievement of energy efficiency, renewable energy, and other distributed generation 
objectives in each district, each sector, and citywide. They should also identify the 
resources necessary to implement the recommendations of this Electricity Resource Plan 

3. B. 2  The Board of Supervisors should determine when City energy policies need to supercede 
other City policies (e.g. the Residential Guidelines currently disallow solar on historic 
buildings). 

3. B. 3  The City should establish a funding source other than revenue bonds dedicated to private 
sector energy programs, such as a carbon tax and credit system. 

3. B. 4  SFE and SFPUC should perform an economic impact and employment projection 
analysis of the effects of implementation of this plan 

3. B. 5  SFE and SFPUC should target each sector of the San Francisco economy for the 
inclusion of energy efficiency, renewable energy and distributed technologies. Sectors 
include, but are not limited to commercial property developers, banks, large office 
buildings, small office buildings, hotels, warehouses, grocery stores, and apartment 
buildings. 

3. B. 6  All energy efficiency programs should incorporate measures to address natural gas use in 
addition to electricity use. SFE and SFPUC should coordinate in applying for funding 
from foundations as well as federal and state funding sources to achieve the goals of the 
Electricity Resource Plan. 

3. B. 7  SFE and SFPUC should provide periodic updates on any developments in the regulatory 
or electricity industry that bear on this plan and should submit a joint annual report to the 
Board of Supervisors on achievements and challenges of the energy program. The Plan 
itself should be evaluated and updated annually. 



SUSTAINABILITY PLAN FOR SAN FRANCISCO 
_______________________________________ 

San Francisco Department of Environment 
October 1996 

 
In July 1997, the San Francisco Board of Supervisors approved The Sustainability Plan for the City of 
San Francisco, establishing sustainable development as a fundamental goal of municipal public policy, 
and approving the goals and objectives set out in the plan as ends that the City will strive to attain.  
 
The City of San Francisco has determined that it is in the best interests of its residents to move to a more 
long-term strategy for its municipal planning. Concern about global environment – issues such as climate 
change, loss of biodiversity, depletion of resources, and the effect of chemicals on human health, 
particularly with respect to cancer and reproductive abnormalities – was part of the impetus for the City’s 
sustainability plan.  
Another important goal is to create a sustainable economy that provides a good quality of life in the long 
term for everyone in San Francisco, while contributing minimal impact on the natural world. It was clear 
that there needed to be more coordination of both of these areas with community planning. Finally, there 
was a realization that the way to reach our goals was to set out a specific strategy and a means to measure 
progress.  
 
The sustainability plan was the result of a community collaboration made up of over 350 institutions and 
individuals, which drew heavily from city agency representatives, local businesses, the environment 
advocacy community, and local universities. While it has now been endorsed as city policy, the strategic 
plan was actually drafted by these community participants, not city staff. There were extensive public 
hearings in June, 1996, and additional public hearings before three City bodies: an advisory commission 
on the environment (now dissolved), the current Commission on the Environment, and the San Francisco 
Board of Supervisors.  
 
The Plan sets out broad social goals, 5-year objectives that would need to be achieved in order to create a 
truly sustainable society. It proposes actions that city government, the private sector, and individuals can 
take to achieve the plan; they serve as proposals for further development and public comment. The Plan is 
divided into fifteen topic areas, ten that address specific environmental issues, and five that are broader in 
scope and cover many issues. A separate section lists numerical indicators for all topic areas. The 
indicators were designed to create a base of objective information on local conditions-ongoing 
measurements that:  
 

• Are obvious in what is being measured, 
• Can be found at low cost given the current information-gathering machinery, 
• Clearly indicate a trend toward or away from sustainability, and  
• Are understandable to everyone and easily presented in the media.  

 
In its final version, the plan is approximately 150 pages long. It is impossible to fairly summarize; it 
contains hundreds of objectives and actions, and any selection imposes the value of the person excepting 
the proposals. However, for the purpose of describing the plan to those unfamiliar with it, following is a 
selection of some of the objectives San Francisco will be trying to reach within the next 5 years.  
 
Air Quality 
• All municipal building projects meet specifications that incorporate air-quality concerns (including 

specifications for the use of integrated pest management). 
• Vehicle-miles traveled in private automobiles have been reduced by 10%. 



Biodiversity 
• Invasive plant species are continuously controlled in natural areas.  
• The collection and organization of biological inventory of the city’s natural areas and biodiversity has 

begun.   
 
Energy, Climate Change and Ozone Depletion 
• Each building’s energy characteristics (such as energy use and insulation) are disclosed when it is 

listed for sale.  
• CFC-based cooling and refrigeration equipment in San Francisco has been reduced by 50% 
 
Food and Agriculture 
• Three additional certified farmers’ market have been established in locations close o San Francisco 

residential neighborhoods. 
• All new housing projects have a dedicated amount of edible-garden space.  
 
Hazardous Materials 
• The total amount of hazardous maters stored in San Francisco has been reduced by 10% from 1995 

levels.  
• An environmental safety program has been created that is focused in educating groups identified as 

more at-risk either because of their characteristics (for instances, children and people with suppressed 
immune systems) or their location (for instance, adjacent to a contaminated site). 

 
Human Health   
• Basic immunization among children under two years of age has increased to at least 90%. 
• Historical and existing environmental contamination has been identified.  
 
Parks, Open Spaces and Streetscapes 
• Five recreational facilities in previously under-served neighborhoods have been added and others 

have been improved. 
• Maps showing all the natural habitat areas in San Francisco have been established. 
 
Solid Waste 
• City government diverts 60% of its current waste generation. 
• The salvage and reuse of construction and demolition materials has increased. 
 
Transportation 
• An increase in the total number of person-trips into and within the City will be accommodated while 

decreasing the number of single-occupancy vehicles.  
• Agreement from the nine counties in the Bay Area on improving regional connections through an 

integrated public transit-oriented regional transportation plan has been achieved.  
 
Water and Wastewater 
• Tax credits and financial incentives are in place for water reductions in homes and businesses. 
• A lake management plan has been implemented. 
 
Economy and Economic Development 
• A sustainable tourism industry has been created in San Francisco (with minimized impacts on the 

environment and the City). 
• A citywide network of neighborhood boards has been established. 



Environmental Justice  
• Residents of poor communities are trained in the basic and technical job skills required by new and 

existing sustainable business and industries. 
• Decision-making bodies and processes have adequate and direct representation of affected 

communities. 
 
Municipal Expenditures 
• A long-term budgeting policy promoting multi-year funding support and life cycle costing (full-cost 

accounting) for capital expenditures has been established. 
• All departments have developed a maintenance program that sustains city parks, buildings, streets and 

other public facilities. 
 
Public Information and Education 
• An integrated environmental curriculum is in use in all public elementary schools in San Francisco. 
• An accessible clearinghouse of environmental information promotes volunteer networking among 

organizations and individuals. 
 
Risk Management (Activities of High environmental Risk) 
• Waterway hazards that increase the chance of oil spills have been identified and their mitigation is 

underway. 
• Legislation that mandates fire safety education and training programs has been passed.  
 
Indicators include such items as: 
• Number of people going to clinics for the respiratory problems. 
• Energy cost per tax dollar. 
• Tons of waste landfilled annually. 
• Difference between the highest neighborhood unemployment rate and the full employment rate.  
 
Indicators of Progress 
 
Indicators 
Drafting Group 
These indicators, sampled on a regular basis, will give a bird’s-eye view of whether San Francisco is 
moving toward or away from a sustainable future. Of course, none of the topics below are completely 
covered by the few listed indicators, and there are certainly infinitely more things that could be tracked. 
These ongoing measures are meant to give an overall indication of whether the City is moving in the right 
direction, and provide a way of measuring significant trends without ontailing major new expenses for 
data-collection. Baselines for these indicators have yet to be researched.  
 
An upward-pointing arrow indicated that the measurement should rise if the City is moving in the right 
direction; a downward-pointing arrow indicates that the measurements should fall.  
 

INDICATORS WHICH WAY SHOULD 
THINGS GO? 

Air Quality  
Number of existing buildings that join the Building Air Quality Alliance 
Program (or similar voluntary programs).  UP 
Number of people going to clinics for respiratory problems. DOWN 
Percentage of new cars being registered in San Francisco which are UP 



alternatively fueled (e.g. California Resources Board-certified, low emission 
vehicles, ultra-low emission vehicles, or electric vehicles). 

 

Biodiversity UP 
Number of volunteer hours dedicated towards managing, monitoring, and 
conserving San Francisco's biodiversity. UP 
Number of square feet of the worst invasive species removed from natural 
areas. UP 
Number of surviving indigenous native plant species planted in developed 
parks, private landscapes and natural areas. UP 
Abundance and species diversity of birds, as indicated by the Golden Gate 
Audubon Society's Christmas bird counts. UP 
Energy, Climate Change and Ozone Depletion  
Ratio of renewable to non-renewable energy consumption. UP 
Energy cost per tax dollar. DOWN 
Food and Agriculture  
Number of public agricultural gardens. UP 
Quantity of food and agricultural residuals recycled. UP 
Number of school, vocational and community education and training programs 
about sustainable agriculture and nutrition. UP 
Hazardous Materials UP 
Difference between motor oil purchased in the City and the amount that is 
properly recycled or disposed. UP 
Equitable distribution of the hazardous material/waste exposure load throughout 
the City. UP 
Number of contaminated sites within City borders. UP 
Public awareness of hazardous materials/waste issues (especially proper use and 
disposal and knowledge of alternatives) as measured by annual survey (to 
measure effectiveness of outreach). UP 
Human Health  
New cases of asthma. DOWN 
Number of people attending organized wellness classes. UP 
Participation in organized youth programs at city recreation centers. UP 
Parks, Open Spaces and Streetscapes  
Percentage of the population with a recreational facility and a natural setting 
within a ten-minute walk. UP 
Number of neighborhood green street corridors created annually. UP 
Number of volunteer hours spent annually on maintenance of open space. UP 
Annual municipal expenditures on parks, open space, and streetscapes. UP 
Solid Waste  
Tons of waste landfilled annually. DOWN 
Recycling rate as a percentage of material generated. UP 
Percentage of residents, businesses, and institutions that participate in recycling 
programs. UP 
Transportation  
Auto registration. DOWN 
Parking-spot inventory. DOWN 
Muni ridership. UP 



Muni route running time on key routes. DOWN 
Water and Wastewater  
Per capita water consumption measured by the San Francisco Water 
Department. DOWN 
Mass of pollutants in wastewater. DOWN 
Mass and frequency of combined sewer overflows. DOWN 
Recycled water use. UP 
Acres of habitat restored. UP 

 
TOPICS THAT SPAN MANY ISSUES 

Economy and Economic Development   

Number of San Francisco enterprises adopting ISO 14000 standards. UP 

Number of San Francisco neighborhoods with unemployment rates higher than 
the government-defined "full employment" rate. DOWN 
Difference between the highest neighborhood unemployment rate and the full 
employment rate. DOWN 
Number of San Francisco manufacturers using recovered secondary materials as 
raw material. UP 
Percentage of people employed in San Francisco who live in San Francisco. UP 
Environmental Justice   
Mean income level of people in historically disadvantaged communities. UP 
Proportion of environmental pollution sources in historically disadvantaged 
communities with respect to San Francisco's other communities. DOWN 
Participation of historically disadvantaged communities as a whole and their 
indigenous self-selected representatives in decision-making processes. UP 
Municipal Expenditures   
Number of items of legislation adopted by the Board of Supervisors that 
advance sustainability goals. UP 
Number of service providers and companies on the Green Vendors list. UP 
Percentage of budget allocated utilizing sustainability criteria. UP 
Percentage of budget that is devoted to facility maintenance. UP 
Number of schools that integrate and progressively update environmental 
education in their curricula. UP 
Conservation and waste reduction as measured by volume of garbage produced 
per capita and units of electricity used per capita. DOWN 
Number of volunteers working on environmental projects as measured through 
the largest volunteer clearinghouse that refers or mobilizes people to do 
community service. UP 
Risk Management (Activities of High Environmental Risk)   
Number of businesses that train employees in the Neighborhood Emergency 
Response Teams program. UP 
Number of seismically upgraded buildings. UP 
Number of hazardous materials incidents. DOWN 

 



ZERO EMISSION 2020: THE CLEAN AIR PLAN OF THE SAN FRANCISCO MUNICIPAL 
RAILWAY  

_____________________________________ 
San Francisco Municipal Railway 

February 27, 2004 
 
Muni’s Goal 
Muni has set a course to be the first major transit agency in the world to operate a 100% zero emissions 
fleet by the year 2020. To achieve this unprecedented goal, Muni has chosen a strategy that capitalizes on 
its longstanding expertise in electric drive vehicles. For almost 70 years, Muni has continuously operated 
a network of zero emission cable cars, streetcars, electric trolley buses, and modern light rail vehicles. 
These electric vehicles not only make Muni the cleanest transit system in California today by CARB 
standards, they also position Muni to continue its leadership with an all-electric fleet by 2020. 
 
Muni’s 2020 zero emission fleet will be comprised of: 

• Electric Light Rail Vehicles 
• Electric Trolley Buses 
• Battery Electric Buses 
• Fuel Cell Electric Buses 
• Cable Cars, Muni’s first Electric vehicle 

 
Muni’s Path to Zero Emissions 
To achieve zero emissions by 2020, Muni will expand its electric fleet, replacing conventional diesel 
buses with the next generation of electric drive bus technologies. Hybrid electric buses and battery 
electric buses will be Muni’s next new bus procurements. Fuel cell electric buses will begin appearing in 
Muni’s fleet in 2016 (or earlier if available) and are anticipated to complete the shift to 100% zero 
emission vehicles by 2020. 
 
Muni’s Clean Air Plan 
Muni has a three-part strategy to achieve the lowest possible overall fleet emissions on its way to a 100% 
zero emission fleet. 
 
I. Maximize the Use of Zero Emission Vehicles (ZEVs) 
Muni expansion of the light rail system along major corridors, including the Third Street Light Rail, is 
part of a long-term effort to shift an increasing number of daily trips to zero emission vehicles. Muni’s 
recent procurement of 273 new electric trolley coaches ensures continued service on Muni’s 16 existing 
electric routes. Muni’s Electrification Study, published in December 2002, prioritizes existing non-
electric routes for electrification with overhead wires. 
 
II. Replace Conventional Diesel Buses with Electric Drive Buses 
Hybrid electric buses use a small on-board engine to generate electricity for the electric motor. This 
requires less fuel and produces less emission than conventional engine driven buses. Battery electric 
buses with a 100-mile range are currently being developed for the American transit market. Muni will be 
the first transit property in the country to consider making significant use of this emerging technology in 
regular service. Both hybrid electric and battery electric buses will replace conventional diesel buses in 
Muni’s next two bus procurements. 
 
III. Update Remaining Diesel Buses to State-of-the-Art Low-emission Diesel Standards 
Muni has reduced Particulate Matter (PM) emissions by 88% from 1997 to 2003. This reduction was 
achieved with an aggressive bus replacement program that removed 375 old diesel buses from the Muni 



fleet. By 2007, Muni will reduce PM by 98% from 1997 levels by installing new low-emission engines on 
older buses and adding PM/NOx reduction devices to all low-emission diesel buses. Lastly, Muni will 
seek local funding to update its reserve fleet to state-of-the-art low-emission diesel standards. 
 
Muni Reduced PM emissions 88% from 1997 - 2003 

 
Clean Air Plan: 1996 – 2020 
 
Major Goals 

2003  88% reduction in PM (Particulate Matter) since 1997 
2004  PM/NOx reduction devices installed fleet wide 
2007  98% reduction in PM since 1997 
2012  62% of Muni’s vehicles are ZEVs or Hybrids, including 52% of the bus fleet 
2015  66% of Muni’s vehicles are ZEVs or Hybrids, including 57% of the bus fleet 
2020  100% of Muni’s fleet are ZEVs 
 

PM Emission Models for Muni Fleet from 2002 - 2012 

 
Goals Met 1996 – 2003 

• 1996 – Introduced initial Fleet Plan calling for rapid turnover of ALL active pre-1996 motor 
coaches (455 buses) which would have reduced PM emissions by 98% by the end of 2003 (note: 
Transportation Authority approved funding for only 80% turnover). 

• 1999 – Grew fleet size by 45 buses to meet increased service demands. 



• 2002 – Converted to Ultra Low Sulfur Diesel fuel ahead of CARB requirements – Muni is the 
only CCSF department to use this premium diesel fuel (90% less sulfur). 

• 2003 – Lowered PM emissions 88% since 1997. 
• 2003 – Completed Alternative Fuels Pilot Project (AFPP) on CNG and Hybrid-Electric buses – 

formalized procedures for new technology evaluation and selection. 
• Established Hybrid-Electric buses as Muni’s preferred technology choice. 
• Qualified two technologies still in development – HPDI-LNG (High Pressure Direct Injection 

Liquefied Natural Gas) and Battery-Electric – as potential future options. 
• Maintained full compliance with annual CARB, BAAQMD, and EPA emission requirements. 

 
Clean Air Plan Status 

• 53% of Muni’s vehicles are ZEVs, including 38% of the bus fleet. 
• 57% of Muni passenger trips are on ZEVs. This equals roughly 400,000 passenger trips per 

weekday (for comparison: BART provides roughly 300,000 passenger trips per weekday). 
• Muni has as many ZEBs (330+) as all other transit agencies in the United States combined (and 

by itself it would be the 4th largest transit bus fleet in California). 

 
 
Goals 

• Install PM/NOx reduction devices on Muni’s 375 low-emission diesel buses by the end of 2004. 
• Muni has the lowest average bus NOx emissions in California. 
• Provide regional and statewide leadership as CARB considers changes to its Transit Bus Fleet 

Rule. 
• Release RFP for Muni’s first Hybrid-Electric bus procurement. 
• Release RFP for Muni’s first Battery-Electric bus procurement (dependent upon manufacturer 

product advancements). 
• Establish a new funding source to address the repowering or replacement of reserve fleet buses to 

low-emission diesel standards or better. 
• Investigate the potential use of biodiesel as a near term fuel supplement and as an eventually self-

sufficient (Bay Area-produced) fuel supply. 
 
Clean Air Plan Status 

• Maintain full compliance with annual CARB, BAAQMD, and EPA emission requirements – 
including higher January 2004 PM standards 



• Revise Clean Air Plan to be the framework for 98% PM reduction by 2007, and strategic 
incorporation of new technologies positioning Muni to be an early adopter of fuel cell buses 

 
 
Goals 

• PM emissions lowered 98% since 1997. 
• Muni has the lowest average bus PM emissions in California. 
• 60% of Muni’s vehicles are ZEVs or Hybrid-Electric, including 49% of the bus fleet. 
• Manage bus procurement and retirement so that the oldest buses in Muni’s fleet are low-emission 

diesel (1999 or newer) with PM/NOx devices installed. 
 

Clean Air Plan Actions 
• Complete 40’ Hybrid-Electric bus procurement (56 buses). 
• Enter final stages of a 30’ Battery-Electric procurement (40 buses) – Hybrid-Electric buses if 

battery-powered buses are not available. 
• Complete the installation of low-emission diesel engines in the remaining 1989 40’ buses (all 45 

in reserve fleet) and 1991 60’ buses (24). (See Reserve Fleet Funding under Other Projects later 
in this document). 

• Remain in full compliance with all CARB, BAAQMD, and EPA emission requirements including 
higher 2007 PM standards. 

 



 
 
Goals 

• 62% of Muni’s vehicles are ZEVs or Hybrid-Electrics, including 52% of the bus fleet 
• The Islais Creek ZEB maintenance facility is completed and in full operation? (2008) 

 
Clean Air Plan Actions 

• Aggressively pursue the purchase of 24 60’ ZEBs for this year’s replacement buses. (Note that 
while the bus industry is moving forward by introducing ZEB technologies as the eventual 
replacement for conventional bus engines, it is anticipated that ZEBs may still be cost prohibitive 
or otherwise not available for large procurements of 60’ buses in the 2010-12 timeframe. If ZEBs 
are not available for this application, this procurement will be Hybrid-Electric). 

• Aggressively pursue the purchase of 45 40’ ZEBs for 2013. While the 60’ buses in 2012 will 
likely be Hybrid-Electric, there is a better chance that ZEB technologies will be an option for 
large purchases of relatively lighter 40’ buses. 



 
Goals 

• 100% of Muni’s bus fleet are ZEBs 
• Muni becomes the first multi-mode transit agency in the world to have all passenger trips 100% 

zero emission 
 
Clean Air Plan Actions 

• Repower the oldest buses in the fleet (45 2006 40’ Hybrid-Electrics) with ZEB technology in 
order to completely phase out the remaining emissions producing buses (5% of the bus fleet). 

• The 2012 and 2013 purchases (45 40’ buses; 24 60’ buses), if Hybrid-Electric, are upgraded with 
ZEB technology in place of mid-life engine rebuilds. 

 
Summary of Current Projects 
 
Background on Bus Technologies 
Hybrid-Electric buses have been chosen as Muni’s preferred “next-step” bus technology because: 

1. They build on Muni’s existing competency in electric drive systems 
2. They position Muni to be an early adopter of zero-emission fuel cell technology 

 
Battery-Electric buses could soon be available in a commercial application suitable to Muni’s 30’ bus 
needs. Vehicle range is presently the limiting factor for this technology when applied to 40’ and 60’ 
transit bus applications (heavier buses, longer runs). 
 
LNG (Liquefied Natural Gas) in a compression-ignition application (HPDI-LNG) has also been identified 
as a suitable technology; however no manufacturer is currently developing an engine that matches Muni’s 
operating specifications. If available in the short term, the procurement of natural gas buses could serve as 
a useful “stop-gap” measure allowing Muni to replace it’s oldest unreliable buses. However, in future 
procurement cycles, natural gas buses would need to be phased out as quickly as possible in favor of 
electric drive buses (Hybrid-Electrics, Battery-Electrics, and fuel cells) if Muni is to continue to make 
significant reductions in emissions. 



 
CNG (Compressed Natural Gas) buses failed Muni’s AFPP testing and are not being considered for the 
Muni fleet. Poor reliability and performance were shown to be significant concerns in San Francisco tests. 
These inherent limitations of spark-ignited engines are unlikely to be addressed by any near-term 
technology refinements. This conclusion is supported by the engine manufacturers. Muni’s two-year 
experience with CNG buses helped to identify operational safety concerns throughout the City that will 
need to be addressed prior to wide use of large fuel cell (hydrogen) vehicles. Muni also gained valuable 
knowledge regarding lighter-than-air gas fueling, storage, and facility requirements – all of which will aid 
future fuel cell implementation. 
 
Major Projects 
40’ Hybrid-Electric Bus Procurement 
Muni’s 1988/89 40’ diesel buses have been the top priority for replacement since the original replacement 
plan was not fully approved by the Transportation Authority in early 2001. Muni intends to replace these 
remaining buses with its first Hybrid-Electric bus procurement. The procurement process depends on: 
 
1. CARB rules changes necessary to allow Muni’s preferred form of Hybrid Electric technology to be 

purchased in California 
2. Industry response and availability of production capacity 
3. Funding for the incremental cost of Hybrids over conventional diesel buses 
 
Note that the procurement process will include a significant and thorough production prototype phase to 
ensure the success of this emerging technology. Buses from this procurement would be expected to begin 
arriving at Muni in 2006. 
 
30’ Bus Procurement 
Forty (40) 30’ buses are 1990 diesels. Funds are being programmed from regional sources that will allow 
Muni to begin a procurement process to replace these buses starting in 2004. This 30’ procurement could 
be the nation’s first application of battery powered buses with a major transit agency. Alternatively, this 
procurement may be Muni’s second Hybrid-Electric bus procurement. Buses from this procurement 
would be expected to begin arriving at Muni in 2006-2007. 
 
Currently, there are no major transit bus manufacturers producing a battery bus; Muni’s ability to pursue 
battery buses will depend on manufacturer product offerings available in 
2004. Several propulsion system and minor bus manufacturers are in the process of prototyping battery-
powered buses in a 30’ transit bus configuration. Muni hopes to be able to establish a working prototype 
project based on one of these small efforts, and encourage a major bus manufacturer to invest in this 
technology for applications in San Francisco and other U.S. cities. The intention is to directly base the 30’ 
bus procurement on successful prototype development. 
 
60’ Articulated Repower 
Twenty-four (24) 1991 diesel buses are to be repowered to modern low-emission diesel standards by the 
end of 2005. These buses will meet the same emission standards as any of Muni’s 2003 state-of-the-art 
low-emission diesel buses. This repower will extend the useful life of these buses by seven years (through 
2012). 
 
Cleaire Device Retrofit 
All of Muni’s modern low-emission diesel buses (including repowers) can be retrofit with combined PM 
and NOx devices to further reduce emissions. 375 buses are scheduled for retrofit by the end of 2004. 
Buses that are repowered after this time will be retrofit as part of the repower process. 
 



Other Ongoing Projects 
Reserve Fleet Funding 
Muni is working to find funding resources to address emissions from the reserve fleet. 
Regular funding sources are not available to apply to the reserve fleet, but local funding and a spending 
plan is being considered. While funding to replace the reserve fleet with new buses may be beyond reach, 
minimal funding to repower or replace reserve buses with low-emission diesels would greatly improve 
emissions from this portion of the Muni fleet. 
 
CARB 
Muni is working closely with CARB to stay informed of proposed changes to the Transit Bus Fleet Rule. 
These changes are essential to Muni’s progress on the pending Hybrid- Electric bus procurement. 
 
LNG 
Muni continues to monitor the progress of the Cummins-Westport compression ignition 
(HPDI) LNG engine – which is based on the 11-liter ISM engine that Muni already uses in 375 buses. 
Unfortunately, their development plans for this engine have been put on hold due to a lack of research and 
development resources. Plans for a similar engine, the larger 15-liter ISX used by San Francisco’s 
NORCAL Waste Systems, have also met with significant development delays within the last year. 
 
Biodiesel and Alternative Fuel Investigations 
Diesel engines were originally designed to be fueled with peanut oil. Similarly, biodiesel offers the 
potential for Muni to fuel its diesel bus fleet with locally recycled restaurant waste oils, uniformly 
processed, and residing in Muni’s existing underground fuel storage tanks. Biodiesel can be mixed with 
conventional diesel (at 20% or B20 - for example), or it can be used in its pure form (B100). While 
potential is great, issues related to increased 
NOx emissions, availability, cost, performance, and vehicle compatibility remain. Despite these concerns, 
the City of Berkeley has already decided to fuel its entire diesel fleet with B100. Note that CARB will 
have to approve this fuel before Muni could legally adopt it. Muni will continue to work closely with 
Berkeley and other municipalities as they explore this fuel. Synthetic diesel and diesel emulsion are also 
alternatives to ultra low sulfur diesel that are being investigated. 
 
California Fuel Cell Partnership 
The CaFCP is a collaboration of vehicle manufacturers, energy providers, fuel cell technology companies, 
and government agencies. In addition to testing the fuel cell vehicles, the partnership is examining fuel 
infrastructure issues and beginning to prepare the California market for this new technology.  
To gain insight into the viability and timing of fuel cell technology, Muni participates in many CaFCP 
events and demonstration projects. AC Transit is a member of the CaFCP, and together with Golden Gate 
Transit, VTA, and SamTrans, they will be formally evaluating six (6) fuel cell buses beginning in 2005. 
Unlike these agencies, Muni is not required by law to demonstrate fuel cell buses (due to the fact that 
Muni already operates over 330 ZEBs), however, Muni intends to be an active participant in these 
evaluations in order to better inform future procurement decisions. This may include performance and 
range testing in San Francisco, in addition to regular project debriefings. 
 
Islais Creek Maintenance Facility 
Muni has completed construction plans for a new maintenance facility focused on electric drive vehicles 
and lighter-than-air fuels. Lighter-than-air fuels require specific safety accommodations including non-
spark electrical fixtures, gas detection devices, and custom ceiling design/ventilation, all of which have 
been incorporated into the Islais 
Creek design since project inception. The new facility, scheduled for completion in 2008, will position 
Muni to be an early adopter of fuel cell buses and interim bridge technologies using electric drives and 
lighter-than-air fuels. 



CITY AND COUNTY OF SAN FRANCISCO  
MUNICIPAL CODE: ENVIRONMENT CODE  

_____________________________________________ 
City and County of San Francisco  

April 2007 
 
On July 3, 2003, the Board of Supervisors and the Mayor adopted this Municipal Environment Code. The 
Environment Code was developed to consolidate the City's ordinances governing protection of the 
environment, natural resources and sustainability that were previously scattered throughout the 
Administrative Code. 
 
The Board of Supervisors finds and declares that: 
A. Every San Franciscan has an equal right to a healthy and safe environment. This requires that our air, 

water, land, and food be of a sufficiently high standard that individuals and communities can live 
healthy, fulfilling, and dignified lives. The duty to enhance, protect and preserve San Francisco's 
environment rests on the shoulders of government, residents, citizen groups and businesses alike. 

B. Historically, environmentally harmful activities have only been stopped after they have manifested 
extreme environmental degradation or exposed people to harm. In the case of PCBs, DDT, lead, and 
asbestos, for instance, regulatory action took place only after disaster had struck. The delay between 
first knowledge of harm and appropriate action to deal with it can be measured in human lives cut 
short. 

C. San Francisco is a leader in making choices based on the least environmentally harmful alternatives, 
thereby challenging traditional assumptions about risk management. Numerous City ordinances 
including: the Integrated Pest Management Ordinance, the Resource Efficient Building Ordinance, 
the Healthy Air Ordinance, the Resource Conservation Ordinance, and the Environmentally 
Preferable Purchasing Ordinance apply a precautionary approach to specific City purchases and 
activities. Internationally, this model is called the Precautionary Principle. 

D. As the City consolidates existing environmental laws into a single Environment Code, and builds a 
framework for future legislation, the Precautionary Principle approach will serve as a policy 
framework to develop and implement laws for a healthier and more just San Francisco. In this way, 
the City will create and maintain a healthy, viable Bay Area environmental for current and future 
generations, and will become a model of sustainability. 

E. Science and technology are creating new solutions to prevent or mitigate environmental problems. 
However, science is also creating new compounds and chemicals that are already finding their way 
into mother's milk and causing other new problems. New legislation may be required to address these 
situations, and the Precautionary Principle is intended as a tool to help promote environmentally 
healthy alternatives while weeding out the negative and often unintended consequences of new 
technologies. 

F. A central element of the precautionary approach is the careful assessment of available alternatives 
using the best available science. An alternatives assessment examines a broad range of options in 
order to present the public with the consequences of each approach. The process takes short-term 
versus long-term effects or costs into consideration, and evaluates and compares the adverse or 
potentially adverse effects of each option, giving preference to those options with fewer potential 
hazards. This process allows fundamental questions to be asked: "Is this potentially hazardous activity 
necessary?" "What less hazardous options are available?" and "How little damage is possible?" 

G. The alternatives assessment is also a public process because, locally or internationally, the public 
bears the ecological and health consequences of environmental decisions. A government's course of 
action is necessarily enriched by broadly based public participation when a full range of alternatives 
is considered based on input from diverse individuals and groups. The public should be able to 
determine the range of specific alternatives to be examined. For each alternative the public should 



consider both immediate and long-term consequences, as well as possible impacts to the local 
economy. 

H. This form of open decision-making is in line with San Francisco's historic Sunshine Act, which 
allows citizens to have full view of the legislative process. One of the goals of the Precautionary 
Principle is to include citizens as equal partners in decisions affecting their health and environment. 

I. San Francisco looks forward to the time when the City's power is generated from renewable sources, 
when all our waste is recycled, when our vehicles produce only potable water as emissions, when the 
Bay is free from toxins, and the oceans are free from pollutants. The Precautionary Principle provides 
a means to help us attain these goals as we evaluate future laws and policies in such areas as 
transportation, construction, land use, planning, water, energy, health care, recreation, purchasing, 
and public expenditure. 

J. Transforming our society to realize these goals and achieving a society living respectfully with the 
bounds of nature will take a behavioral as well as technological revolution. The Precautionary 
approach to decision-making will help San Francisco speed this process of change by moving beyond 
finding cures for environmental ills to preventing the ills before they can do harm. 

 
 



The San Francisco Precautionary Principle 
 
The following shall constitute the City and County of San Francisco's Precautionary Principle policy. All 
officers, boards, commission, and departments of the City and County shall implement the Precautionary 
Principle in conducting the City and County's affairs: 
 
The Precautionary Principle requires a thorough exploration and a careful analysis of a wide range of 
alternatives. Based on the best available science, the Precautionary Principle requires the selection of the 
alternative that presents the least potential treat to human health and the City's natural systems. Public 
participation and an open and transparent decision making process are critical to finding and selecting 
alternatives. 
 
Where threats of serious or irreversible damage to people or nature exist, lack of full scientific certainty 
about cause and effect shall not be viewed as sufficient reason for the City to postpone cost effective 
measures to prevent the degradation of the environment or protect the health of its citizens. Any gaps in 
scientific data uncovered by the examination of alternatives will provide a guidepost for future research, 
but will not prevent the City from taking protective action. As new scientific data become available, the 
City will review its decisions and make adjustments when warranted. 
 
Where there are reasonable grounds for concern, the precautionary approach to decision-making is meant 
to help reduce harm by triggering a process to select the least potential threat. The key elements of the 
Precautionary Principle approach to decision-making include: 

1. Anticipatory Action: There is a duty to take anticipatory action to prevent harm. Government, 
business, and community groups, as well as the general public, share this responsibility. 

2. Right to Know: The community has a right to know complete and accurate information on potential 
human health and environmental impacts associated with the selection of products, services, 
operations or plans. The burden to supply this information lies with the proponent, not with the 
general public. 

3. Alternatives Assessment: An obligation exists to examine a full range of alternatives and select the 
alternative with the least potential impact on human health and the environment including the 
alternative of doing nothing. 

4. Full Cost Accounting: When evaluating potential alternatives, there is a duty to consider all the 
reasonably foreseeable costs, including raw materials, manufacturing, transportation, use, cleanup, 
eventual disposal, and health costs even if such costs are not reflected in the initial price. Short- and 
long-term benefits and time thresholds should be considered when making decisions. 

5. Participatory Decision Process: Decisions applying the Precautionary Principle must be transparent, 
participatory, and informed by the best available science and other relevant information. 

 
The Board of Supervisors encourages all City employees and officials to take the precautionary principle 
into consideration and evaluate alternatives when taking actions that could impact health and the 
environment, especially where those actions could pose threats of serious harm or irreversible damage. 
This ordinance does not impose specific duties upon any City employee or official to take specific 
actions. In adopting and undertaking the enforcement of this ordinance, the City and County of San 
Francisco is assuming an undertaking only to promote the general welfare. It is not assuming, nor is it 
imposing on its officers and employees, an obligation for breach of which it is liable in money damages to 
any person who claims that such breach proximately caused injury nor may this ordinance provide any 
basis for any other judicial relief including, but not limited to a writ of mandamus or an injunction. In 
adopting this Chapter, the Board of Supervisors does not intend to authorize or require the disclosure to 
the public of any proprietary information protected under the laws of the State of California. 



SAN FRANCISCO GENERAL PLAN 
_________________________________________ 

City and County of San Francisco Planning Department 
 

San Francisco is a special place. Foremost is its dramatic physical beauty, created by bay and ocean 
surrounding a cluster of hills that are often illuminated by brilliant sun or shrouded in silvery fog. The 
views from these hilltops were given to us inadvertently. The early settlers, in their scramble to forge a 
new life, imposed a simple grid system on the land. So instead of streets winding themselves around the 
hills we have streets that can scale the hilltops to reveal extraordinary vistas. These vistas give us a city 
that appeals from any perspective and sparks our imagination. 
 
Secondly, San Francisco is compact. Its density creates a rich variety of experiences and encounters on 
every street. The city is cosmopolitan and affable, easily traversed by foot or by bus, and offers an 
intriguing balance of urban architecture. 
 
Thirdly, San Francisco is the center, the soul of the region and cooperative efforts to maintain the area's 
quality of life are imperative. The City has long been a magnet for business, culture, retailing, tourism and 
education. Its rich 150 year history reflects the cultures of the world and gives energetic diversity to its 
neighborhoods. The residents strive to maintain this tradition, welcoming people from around the world 
to participate in the promise of a healthy city. 
 
There are many issues we must face as we look to the future of our economy, work force, housing stock, 
transportation systems, open spaces, and vacant lands. San Francisco is a dynamic entity within which 
there are constant pressures for change and renewal. It remains the finance capital for the West and is an 
emerging gateway to the Pacific Rim. However as we enter the 21st century, new technologies, medical 
research and design are providing additional economic opportunity. 
 
The City's General Plan serves to guide these changes to ensure that the qualities that make San Francisco 
unique are preserved and enhanced. The General Plan is based on a creative consensus concerning social, 
economic, and environmental issues. Adopted by the Planning Commission and approved by the Board of 
Supervisors, the General Plan serves as a basis for decisions that affect all aspects of our everyday lives 
from where we live and work to how we move about. It is both a strategic and long term document, broad 
in scope and specific in nature. It is implemented by decisions that direct the allocation of public 
resources and that shape private development. In short, the General Plan is the embodiment of the 
community's vision for the future of San Francisco. 
 
State law requires that the General Plan address seven issues: land use, circulation, housing, conservation, 
open space, noise and safety. 
 
The Charter approved by the voters in November 1995 requires that the Planning Commission 
recommend amendments to the General Plan to the Board of Supervisors for approval. This approval 
changes the Plan's status from an advisory to a mandatory document and underscores the importance of 
Referrals establishing consistency with the General Plan prior to actions by the Board of Supervisors on a 
variety of actions. 
 
The San Francisco General Plan is designed as a guide to the attainment of the following general goals: 
• Protection, preservation, and enhancement of the economic, social, cultural, and esthetic values that 

establish the desirable quality and unique character of the city. 
• Improvement of the city as a place for living, by aiding in making it more healthful, safe, pleasant, 

and satisfying, with housing representing good standards for all residents and by providing adequate 
open spaces and appropriate community facilities. 



• Improvement of the city as a place for commerce and industry by making it more efficient, orderly, 
and satisfactory for the production, exchange and distribution of goods and services, with adequate 
space for each type of economic activity and improved facilities for the loading and movement of 
goods. 

• Coordination of the varied pattern of land use with public and semi-public service facilities required 
for efficient functioning of the city, and for the convenience and well-being of its residents, workers, 
and visitors. 

• Coordination of the varied pattern of land use with circulation routes and facilities required for the 
efficient movement of people and goods within the city, and to and from the city. 

• Coordination of the growth and development of the city with the growth and development of 
adjoining cities and counties and of the San Francisco Bay Region. 

 
The Plan is intended to be an integrated, internally consistent and compatible statement of objectives and 
policies and its objectives, and policies are to be construed in a manner which achieves that intent. Sec. 
101.1(b) of the Planning Code, which was added by Proposition M, November 4, 1986, provides as 
follows: 
 
The following Priority Policies are hereby established. They shall be included in the preamble to the 
General Plan and shall be the basis upon which inconsistencies in the General Plan are resolved: 
1. That existing neighborhood-serving retail uses be preserved and enhanced and future opportunities 

for resident employment in and ownership of such businesses enhanced; 
2. That existing housing and neighborhood character be conserved and protected in order to preserve the 

cultural and economic diversity of our neighborhoods; 
3. That the City's supply of affordable housing be preserved and enhanced; 
4. That commuter traffic not impede Muni transit services or overburden our streets or neighborhood 

parking; 
5. That a diverse economic base be maintained by protecting our industrial and service sectors from 

displacement due to commercial office development, and that future opportunities for resident 
employment and ownership in these sectors be enhanced; 

6. That the City achieve the greatest possible preparedness to protect against injury and the loss of life in 
an earthquake. 

7. That landmarks and historic buildings be preserved; and 
8. That our parks and open space and their access to sunlight and vistas be protected from development. 
 
The manner in which the general goals are to be attained is set forth through a statement of objectives and 
policies in a series of elements, each one dealing with a particular topic, which applies citywide. The 
General Plan currently contains the following elements: Residence, Commerce and Industry, Recreation 
and Open Space, Community Facilities, Transportation, Community Safety, Environmental Protection, 
Urban Design and Arts. In addition, a Land Use Index cross-references the policies related to land use 
located throughout the General Plan. Additional elements may be added from time to time. 
 
The Plan also contains the following area plans which cover their respective geographic areas of the city: 
Downtown, Civic Center, Western Shoreline, Northeastern Waterfront, Central Waterfront, South 
Bayshore, Rincon Hill, Chinatown, Van Ness Avenue and South of Market. Here the more general 
policies in the General Plan elements are made more precise as they relate to specific parts of the city. 
 
In addition to the elements, area plans and the land use index comprising the complete General Plan, there 
are several documents which support the plan. These include background papers, technical reports, 
proposals for citizen review, environmental impact reports or negative declarations, program documents, 
and design guidelines. Program documents provide schedules and programs for the short range 
implementation of the General Plan. 



2005 SAN FRANCISCO COLLABORATIVE FOOD SYSTEM ASSESSMENT  
___________________________________ 

San Francisco Food Alliance 
2005 

 
Food plays a vital role in San Francisco’s health, environment, and economy. Numerous individuals, 
organizations and institutions in San Francisco are currently dedicating time and energy to solving food 
problems and attending to challenges related to food in the city. The focus of their work ranges widely, 
touching all elements in society which involve the production, distribution, consumption and recycling of 
food. While some efforts address issues directly related to food such as hunger and obesity, others address 
seemingly more distant issues, such as environmental management or community and economic 
development. In spite of all this activity, many San Franciscans do not think about nor understand the 
current state of San Francisco’s local food system as a whole. 
 
The 2005 San Francisco Collaborative Food System Assessment was developed to provide a holistic 
overview of the local food system with current data and statistics (i.e. “how we’re doing”) for a variety of 
measures and indicators. Examining and understanding this holistic picture provides a unique viewpoint 
which cannot be seen when looking at production or consumption alone. This ‘systems’ picture helps a 
society bring greater efficiency to its local food system, ensure that everyone has access to affordable, 
nutritious and culturally appropriate foods, and ensure that the system functions with the principles of 
public health, social justice, economic stability, and environmental sustainability in mind. This document 
compiles existing data and statistics, primarily from secondary or already existing public sources, to 
illustrate gaps, assets and opportunities in the local food system. It is intended to stimulate thought and 
action and lead to recommendations for making San Francisco’s local food system healthier, more 
equitable and more sustainable.  
 
The first chapter contained within this assessment presents a general introduction to the ‘food system,’ 
which describes the broad range of activities involved in producing, distributing, consuming, and 
recycling food. This ‘systems’ viewpoint also considers how culture, economics, politics, and the 
environment all affect these critical activities. Chapters two through five provide relevant data and trends 
within each of the following food system sectors: production, distribution, consumption (including food 
retail, federal food assistance and charitable food programs), and recycling. Methodological issues and 
information on areas of more specific technical interest are included at the end of the assessment. A 
participatory event was organized and held in August 2005 with the intent of gathering additional 
information and feedback from the community, based on the information contained in this assessment. 
Chapter six summarizes the event design, activities and processes. Using the information generated at the 
Round Table event and from this assessment, the San Francisco Food Alliance formed a working group to 
develop food system recommendations and priorities. These recommendations will be given to city 
officials, agencies, and community based organizations. 
 
In this executive summary some of the most noteworthy findings from the assessment have been 
synthesized and summarized. Please see the appropriate chapter for data sources, details on statistics and 
complete references. 
 
Production 
Production in the food system refers to the cultivation of plants and the domestication of animals. In San 
Francisco, small scale production of fruits, vegetables and limited processed products occurs through 
urban farms, backyard, community and school gardens, as well as in nurseries and greenhouses.  
 
Within San Francisco County’s 31,360 acres of land, there are several large green spaces and 59 
community gardens. Over 800 community gardening plots are tended by nearly 700 community 



gardeners. Some areas of the city located far from open spaces, such as the Mission and Castro/Upper 
Market, tend to have a higher demand for community garden plots than can be met by the current supply. 
Within the San Francisco Unified School District (SFUSD), about 25% of the 119 schools currently have 
a school garden. Community and educational gardens range in size from a few planter boxes up to a few 
acres. In 2003, San Francisco voters passed a school bond which included $2 million specifically 
earmarked for the greening of 17 school yards in SFUSD. Educational school gardens have also recently 
been incorporated into the SFUSD Facilities and Master Plan. Clear and consistent information is not 
publicly available around the management, upkeep, and sustainability of individual gardens, and overall 
support (e.g. staff, supplies, volunteers) for each community and school garden varies considerably. In 
order to support and maintain San Francisco’s community gardens, an Open Space Program Fund was 
established in 2000 with an allocation of $150,000 per year. In addition, the San Francisco Recreation and 
Park Department recently formed a Community Gardens Policy Committee to develop an official policy 
for recommendation to the Recreation and Park Commission in 2006.  
 
Distribution 
Distribution in the food system refers to the networks and processes involved in getting food from the 
producing farm, factory or warehouse to where it will be purchased, used or consumed. The most typical 
manner in which food gets to a retail business, merchant, or manufacturer is through the use of 
wholesalers. In San Francisco, there are approximately 153 food wholesalers which are primarily 
concentrated in the Southeast quadrant of the city. San Francisco is also home to a number of wholesalers 
that specialize in or exclusively sell organic produce. In addition to the conventional wholesale food 
distribution model, there are several alternative distribution pathways that focus on getting food from a 
farmer directly to a household, private business, or public institution. These pathways have been 
established in order to help consumers get fresher food and develop relationships with the farmer, and to 
help farmers get a higher percentage of the food’s ultimate purchase price. Shorter distribution pathways 
are also supported because they are less resource-intensive and less polluting. 
 
Currently, there are approximately 17 farms, most within a 180-mile radius of the city, which sell directly 
to individuals/households through an arrangement called community supported agriculture (CSA). There 
are at least 32 drop off sites for CSA boxes scattered throughout the city, with a notable cluster of sites in 
the Mission and in Noe Valley. Farm direct distribution to institutions is difficult in San Francisco largely 
due to the high cost of living, the high cost of labor for food preparation, and the difficulty of serving 
multiple delivery points via the city’s crowded and hilly streets. Data around the extent to which farms are 
distributing directly to San Francisco’s public institutions has not been collected. However, San Francisco 
Food Systems is helping to research and identify farms and distribution pathways that would be feasible 
in the San Francisco Unified School District. With this effort, there may be greater opportunities within 
public institutions for purchasing more products directly from local and regional farmers and food 
producers. Many restaurants in San Francisco buy directly from local and regional farms. However, 
complete data around farm direct distribution to restaurants and other private businesses in San Francisco 
is also lacking. One model facilitating this exchange, a Farm to Restaurant Program created and managed 
by Om Organics, currently supports 28-45 restaurants and 24-36 regional organic farms.  
 
Consumption-Retail 
Consumption in the food system refers to all activities and processes by which an individual acquires and 
utilizes food after it has been produced and distributed. Retail food stores are the primary way that most 
residents of San Francisco acquire food. There are a total of 1,488 retail food stores in San Francisco, 
from supermarkets, grocery stores and convenience stores to bakeries and fruit and vegetable markets. 
There are 55 supermarkets (the largest retail outlet with the widest variety of food products) spread 
throughout the city and serving nearly every neighborhood. Some areas in San Francisco, including 
Treasure Island and the Southeast quadrant of the city, are lacking in supermarkets and concurrently are 
home to a majority of low income residents that are also less likely to own a vehicle. Farmers’ markets 



provide another venue for food retail in San Francisco; in this case food is sold directly from the farmer or 
producer. There are currently 11 farmers’ markets in San Francisco with anywhere from three to over 65 
farmers selling their product at each market site. The majority of markets are held on Saturday and all 
eleven markets are located in the Eastern half of the city. Approximately 250 total farms currently sell 
their products at the San Francisco’s farmers’ markets, with farmers from Fresno, San Joaquin and Tulare 
Counties most highly represented. 
 
Consumption – Food Assistance and Charitable Feeding  
Of 776,733 San Francisco residents, 11.14% had incomes at the federal poverty level in the 2000 Census. 
Food assistance and charitable feeding programs exist to support such individuals and families who 
cannot meet their basic food and nutrition needs with household income alone. Food assistance is used in 
this assessment to refer to government subsidized food programs, while charitable feeding refers to sites 
providing free food (e.g. pantries, free dining rooms), that operate largely with private donations of food 
and funding. In San Francisco, federal food assistance programs are generally underutilized while many 
charitable food programs are overextended. 
 
According to the 2000 Census, between 17% and 39% of San Francisco families were eligible for at least 
one government food assistance program based on income guidelines. Some federal food programs, such 
as the Special Supplemental Program for Women, Infants and Children (WIC) and the National School 
Lunch Program are well-utilized in San Francisco. For other programs, such as the Food Stamp Program, 
School Breakfast Program, Summer Food Service Program and Child and Adult Care Food Program, 
there is a large opportunity to increase outreach, enrollment, and utilization in San Francisco. The Food 
Stamp Program, in particular, is a federal entitlement program, and it is estimated that less than half of all 
residents eligible for the program in San Francisco are currently participating. The zip codes with the 
highest concentrations of food stamp recipients are in Bayview Hunters Point and in the Tenderloin 
neighborhoods. Areas of the city that have a high number of eligible households that are not enrolled in 
the Food Stamp Program include the Mission, Tenderloin, parts of the Marina, Chinatown and Polk 
neighborhoods. This underutilization is noteworthy not only because federal food stamp benefits prevent 
hunger and food insecurity in the community, but also because these dollars stimulate the local food 
economy. It is estimated that $1.00 in food stamps spent at local retail businesses translates to $1.84 in 
local economic opportunities. A number of food assistance programs support the food and nutrition needs 
of specific populations such as women, infants, school age children and seniors. More information and 
analysis on programs targeting the senior population is needed to have a better understanding of overall 
coverage of food assistance programs and the unmet need. Over 19,000 seniors in San Francisco had 
incomes at or below 185% of the federal poverty level according to the 2000 Census. Although a 
significant number of these low income seniors live in the Southwest quadrant of the city, there are few 
congregate feeding sites serving free and low cost meals there. Aside from congregate feeding sites, some 
low income seniors may also participate and receive benefits from the Child and Adult Care Food 
Program, the Commodity Supplemental Food Program, the Senior Brown Bag Program, or home 
delivered meals programs. While complete information on senior programs was unavailable, it appears 
unlikely that the combined coverage of these multiple programs meets the overall food needs of low 
income seniors in San Francisco. Food assistance programs targeting low income school age children 
include the National School Lunch Program and the School Breakfast Program. In the 2004-05 school 
year, 52.6% of students in San Francisco Unified School District (SFUSD) qualified for free or reduced 
price school meals. The actual number of low income students in the district that would have qualified for 
free and reduced price meals last year is uncertain, however, since 35% of the district’s 57,144 students 
did not return a completed meal application form necessary for determining eligibility. In San Francisco 
County, the number of school breakfasts served per year decreased considerably over the past five years, 
by as much as 17.9% in a single year. A Student Nutrition and Physical Activity Committee (comprised 
of parents, teachers, students, and staff of SFUSD and community based organizations), formed in 2003, 
has been exploring strategies and developing innovative pilots for improving all meals served in SFUSD 



schools and increasing enrollment and participation in these food assistance programs. Recent outreach 
campaigns around the school meal application process and a move towards increasing the price of paid 
meals hold promise in enhancing the SFUSD’s ability to sustain and improve its school meal programs. 
 
The Mayor’s Summer Feeding Program, administered by the Department of Children, Youth and their 
Families, has been successful in expanding the number of sites offering meals to low income children 
when school is no longer in session. There are now 110 sites compared to 77 sites three years ago, and the 
total number of summer meals served has increased over the past four years. However, there remains little 
access to summer meals in neighborhoods such as the Outer Sunset and the Outer Richmond.   
 
San Francisco has a large network of over 450 free pantries, dining rooms, shelters and other charitable 
feeding sites spread throughout the city. Data on the adequacy of coverage of this charitable food network 
and how utilization of the charitable feeding network overlaps with federal food assistance programs was 
not available. Future research on this issue could be beneficial, as there seems to be a great opportunity 
for conducting outreach around the Food Stamp Program and other federal food assistance programs at 
such charitable feeding sites. 
 
Recycling and Residuals  
Recycling in the food system refers to the activities and processes in which discarded food waste is 
collected, sorted and converted into other useful material. In 2004, food residuals accounted for 19% of 
the total waste collected in San Francisco and destined for nearby landfills. Among restaurants, 
compostable material averaged two-thirds of the total waste generated. San Francisco has one of the most 
developed recycling and composting systems in the country. Of 346,527 total households in San 
Francisco, 58% currently have compost pick up services. About 1,500 of San Francisco’s 3,809 total 
restaurants currently operate under the commercial compost collection program. An additional 500 other 
institutions and commercial sites participate in the city’s compost collection program as well. 
 
Closing 
This executive summary illustrates only part of the story that is told in the 2005 San Francisco 
Collaborative Food System Assessment. For additional data, information, and spatial maps please review 
the various chapters that follow. To read about trends and priorities identified by the San Francisco 
community during the San Francisco Food Alliance Round Table, see chapter six. With the combined 
data and information in this report and the feedback from the community Round Table, San Franciscans 
can formulate and set in motion the actions that will improve the overall health and sustainability of the 
local food system. 



DESCENDING THE OIL PEAK:  
NAVIGATING THE TRANSITION FROM OIL AND NATURAL GAS  

______________________________________ 
City of Portland Peak Oil Task Force 

March 2007 
 

Introduction: Preparing for Peak Oil 
Every day, businesses, government agencies and households around the world plan and make decisions 
based on the assumption that oil and natural gas will remain plentiful and affordable. In the past few 
years, powerful evidence has emerged that casts doubt on that assumption and suggests that global 
production of both oil and natural gas is likely to reach its historic peak soon. This phenomenon is 
referred to as “peak oil.” Given both the continuous rise in global demand for these products and the 
fundamental role they play in all levels of social, economic and geopolitical activities, the consequences 
of such an event are enormous. This report assesses Portland’s vulnerabilities in the face of wide-ranging 
changes in global energy markets and provides an initial 
set of recommendations for addressing that challenge thoughtfully and prudently. 
 
Task Force Created by City Council 
In May 2006 Portland City Council adopted Resolution 36407 establishing the Peak Oil Task Force 
consisting of 12 citizens from a wide variety of backgrounds. The resolution charged the Task Force with 
examining the potential economic and social consequences of peak oil in Portland and developing 
recommendations to mitigate the impacts of rising energy costs and declining supplies. Over the past six 
months, the Task Force held more than 40 meetings and involved more than 80 stakeholders and 
interested citizens in gathering information. 
 
Impacts and Vulnerabilities: High Fuel Prices Will Change Portland 
Fifty years from now, the peak of global oil production will be a distant memory. Predictions for the year 
oil production will peak range from present day until 2040, with the most common estimates between 
2010 and 2020. Despite the apparent breadth of current projections, even the most optimistic forecasts 
offer little time to adapt given the very long lead times required to change such things as transportation 
and building infrastructure. 
 
Of all the impacts from rising oil prices, the clearest are those on transportation, which will experience 
profound pressure to shift toward more efficient modes of travel. For personal travel, this means transit, 
carpooling, walking, bicycling and highly efficient vehicles. Transportation of freight will become more 
costly and either decline or shift modes from air and truck to rail and boat.  Population may shift to city 
centers, and density and mixed-use buildings will increase. 
 
Food is a critical resource, and the American food system has become highly dependent on fossil fuels. 
Food production and distribution accounts for 17 percent of U.S. energy consumption.  Because of this, 
higher oil and natural gas prices are expected to lead to a decline in the amount and variety of food 
produced and available locally, even with Portland’s proximity to the agricultural production of the 
Willamette Valley. Food prices will rise, further straining the ability of low income households to put 
food on the table. 
 
Like agriculture, the economy as a whole is expected to experience significant disruption and volatility. 
Impacts will vary widely by industry and firm, and Portland has strengths in high technology and a 
relatively diversified transportation system. Portland also enjoys a strong and growing clean energy 
sector, which is likely to see increased demand. Nevertheless, many of Portland's industries are dependent 
on national and global markets, and business start-ups and failures are likely to increase. 
 



Unemployment could be a major economic and social issue. This is of particular concern, since social 
services are already stretched to their limits. Vulnerable and marginalized populations are likely to grow 
and will be the first and hardest hit by rising oil prices. Increasing costs and decreasing incomes will 
reduce health coverage and further stress the health care system, which is already in crisis. Heating, 
maintenance, and monthly housing costs will consume a larger share of household budgets and push 
people toward lower-quality housing choices at the same time that auto transportation costs increase 
dramatically. First responders, especially police, are likely to be further taxed as social service agencies 
struggle to meet demand. 
 
Recommendations: Act Big, Act Now 
The Task Force findings illustrate the profound economic and social vulnerabilities that could result as 
fuel supplies cease to be abundant and inexpensive. The magnitude of this issue led the Task Force to 
explore bold and far-reaching solutions. The Task Force is unified in urging strong and immediate action. 
 
The Task Force recommends preparedness on two different levels. Most of the recommendations seek to 
reduce Portland’s exposure to rising fuel prices, anticipating the economic and lifestyle adjustments that 
will be needed in the future. Other recommendations prepare Portland to maintain community stability as 
volatile energy markets trigger conditions ranging from emergency shortages to longer-term economic 
and social disruption. 
 
Reduce Portland’s exposure: The Task Force proposes cutting oil and natural gas consumption in half, 
transforming how energy is used in transportation, food supply, buildings and manufacturing.  It proposes 
strategies to maintain business viability and employment in an energy-constrained marketplace. 
 
Strengthen community cohesion: However well Portland succeeds in its energy transition, it will not be 
able to isolate itself from global energy crises or the resulting economic implications. The Task Force 
sees the potential for profound economic hardship and high levels of unemployment, and it recommends 
having plans in place to adapt social and economic support systems accordingly. 
 
Similarly, contingency plans are needed for fuel shortages that may last for months or years, well beyond 
the time considered in existing emergency plans. 
 
The Task Force recommends a comprehensive package of actions, proposing strategies to initiate 
institutional change and to motivate action by households and businesses. The recommendations propose 
major changes for Portland, but the Task Force believes their implementation can have a positive social 
and economic impact as local residents and businesses spend less on imported fuels and redirect dollars 
into the local economy. This presents a significant economic development opportunity for Portland. 
 
While all the recommendations are important, achieving a significant reduction in oil and natural gas 
use is a necessity for easing the transition to an energy-constrained future.  
1. Reduce total oil and natural gas consumption by 50 percent over the next 25 years.  
 
Leadership builds the public will, community spirit and institutional capacity needed to implement the 
ambitious changes. Leadership is needed to build partnerships to address these issues at a regional and 
statewide level. 
2. Inform citizens about peak oil and foster community and community-based solutions. 
3. Engage business, government and community leaders to initiate planning and policy change. 
 
Urban design addresses the challenge at a community scale. 
4. Support land use patterns that reduce transportation needs, promote walkability and provide easy access 
to services and transportation options. 



5. Design infrastructure to promote transportation options and facilitate efficient movement of freight, and 
prevent infrastructure investments that would not be prudent given fuel shortages and higher prices. 
 
Expanded efficiency and conservation programs shape the many energy choices made by individual 
households and businesses. 
6. Encourage energy-efficient and renewable transportation choices. 
7. Expand building energy-efficiency programs and incentives for all new and existing structures. 
 
Sustainable economic development fosters the growth of businesses that can supply energy efficient 
solutions and provide employment and wealth creation in a new economic context. 
8. Preserve farmland and expand local food production and processing. 
9. Identify and promote sustainable business opportunities. 
 
Social and economic support systems will be needed to help Portlanders dislocated by the effects of fuel 
price increases. 
10. Redesign the safety net and protect vulnerable and marginalized populations. 
 
Emergency plans should be in place to respond to sudden price increases or supply interruptions. 
11. Prepare emergency plans for sudden and severe shortages. 
 
Each of these 11 major recommendations is accompanied by a series of action items detailing how it can 
be implemented. 
 
Next steps 
A number of the recommendations imply the need for a central program to coordinate goal setting, 
tracking and communications. Other recommendations are policies, programs or projects to be 
implemented by specific bureaus or groups of bureaus. The Task Force proposes that a team of city staff 
be appointed to translate these recommendations into a funded, operational course of action. Acting on 
this report, however, does not need to await further study or analysis. City bureaus can immediately look 
for ways to incorporate these energy concerns and impacts into ongoing planning activities and 
educational programs around sustainable development. City Council can challenge bureaus to align their 
investments and activities with the recommendations outlined in this report.  
 
Finally, the Task Force members would like to express their willingness to continue assisting the 
City of Portland as it engages City staff and the public about peak oil and Portland’s energy future. 
 
Recommendations: Act Big, Act Now 
The Task Force findings illustrate the central role that oil and natural gas play in our daily lives. They 
depict the profound economic and social vulnerabilities that could result as fuel supplies cease to be 
abundant and inexpensive. The magnitude of this issue led the Task Force to explore bold and far-
reaching solutions. The Task Force is unified in urging strong and immediate action.  
 
Goals 
The Task Force recommends preparedness on two different levels. Most of the recommendations seek to 
reduce Portland’s exposure to rising fuel prices, anticipating the economic and lifestyle adjustments that 
will be needed in the future. Other recommendations prepare Portland to maintain community stability as 
volatile energy markets trigger conditions ranging from emergency shortages to longer-term economic 
disruption. 
 
Reduce Portland’s exposure: The Task Force proposes a dramatic reduction in fuel use, far beyond the 
level of change achieved by current or past efficiency and conservation initiatives. It envisions cutting oil 



and natural gas consumption in half, transforming how energy is used in transportation, food supply, 
buildings and manufacturing. It proposes strategies to maintain business viability and employment in an 
energy-constrained marketplace. 
 
Strengthen community cohesion: However well Portland succeeds in its energy transition, it will not be 
able to isolate itself from global energy crises or the resulting economic impacts. A strong, dynamic 
community is essential to responding to the social and economic stress of such a major transition, and 
Portland must accelerate its efforts to foster a resilient, interconnected community. 
The Task Force sees the potential for profound economic hardship and high levels of unemployment, and 
it recommends having plans in place to adapt social and economic support systems accordingly. 
Similarly, contingency plans are needed for emergency fuel shortages. 
 
Principles 
As the Task Force developed its recommendations, several guiding principles emerged. These themes 
apply across the identified strategies and should be consulted as points of reference as the community 
refines and implements the recommendations. 
 
City leadership: Change on the scale suggested requires broad participation from all sectors of society. 
Neither the City of Portland nor any other government can accomplish such change alone.  The City can, 
however, play a catalytic role by informing and mobilizing the community, setting a positive example and 
convening partners to develop solutions. 
 
Immediate action: A “wait and see” approach to this issue will diminish opportunities Portland now has 
to reduce its exposure in a meaningful way. The recommended changes will take years to implement and 
will be easier to afford while the economy is still relatively strong. Uncertainty concerning oil and natural 
gas supplies, rather than being an excuse for delay, is in fact an argument for urgency. The tightening of 
energy supplies could well occur quite soon and suddenly. Even if it occurs later, buildings and 
infrastructure being planned and built today will last for many decades and should be designed for a more 
constrained energy future. 
 
Economic and social benefits: The recommendations propose major changes for Portland, but the Task 
Force believes their implementation will have an overall positive social and economic impact. 
 
Local residents and businesses will enjoy the health benefits and financial savings of cleaner air and 
walkable communities. They will also benefit economically as dollars spent on imported fuels are 
redirected into the local economy. This presents a significant economic development opportunity for 
Portland businesses and residents. 
 
Demand reduction: While the recommendations include development of biofuels and other renewable 
sources, these sources can replace only a fraction of the oil and natural gas used today.  
 
The solution is a multi-faceted approach, with greatest emphasis on reducing energy demand through 
energy efficiency, frugality and reorganizing lifestyles and the urban landscape. 
 
Vulnerable and marginalized populations: The impacts of increasing oil and natural gas costs are\ felt 
first and deepest among vulnerable and marginalized populations. Portland’s energy strategies must pay 
particular attention to the needs of these populations, recognizing that many people lack the resources to 
adapt (e.g., by buying a hybrid car or installing a solar water heater) and tend to be under-represented in 
planning or policy decisions. 
 



Global warming: Global warming is a defining issue of our time, and it will grow as a focus of 
international policy and action. The recommendations presented in this report align closely with those in 
the Portland-Multnomah Local Action Plan on Global Warming. The urgency and level of action required 
are similar. The City should continue to connect these issues as it communicates with the public and 
implements the recommended strategies. It should also be cautious that efforts to reduce reliance on oil 
and natural gas do not lead to increased use of coal (for production of liquid fuels or electricity), which 
would greatly increase greenhouse gas emissions.  
 
In applying these principles, the Task Force outlined a comprehensive package of recommendations, 
proposing strategies to initiate institutional change and to motivate action by households and businesses. 
Of these recommendations, the first and most fundamental is to reduce oil and natural gas use by 50 
percent over the next 25 years. While all the recommendations are important, without meaningful 
implementation of this first one—actually achieving a significant reduction in oil and natural gas use—
Portland will experience a more economically and socially damaging transition to an energy-constrained 
future. 
 
Collectively, the recommendations address the need for: 

• Achieving a significant reduction in oil and natural gas use, to ease the transition to an energy 
constrained future. 

• Leadership, to build the public will, community spirit and institutional capacity needed to 
implement the ambitious changes. 

• Urban design, to address the challenge at a community scale. 
• Expanded efficiency and conservation programs, to shape the many energy choices made by 

individual households and businesses. 
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An emissions inventory that identifies and quantifies a country's primary anthropogenic1 sources and 
sinks of greenhouse gases is essential for addressing climate change. This inventory adheres to both 1) a 
comprehensive and detailed set of methodologies for estimating sources and sinks of anthropogenic 
greenhouse gases, and 2) a common and consistent mechanism that enables Parties to the United Nations 
Framework Convention on Climate Change (UNFCCC) to compare the relative contribution of different 
emission sources and greenhouse gases to climate change. 
 
In 1992, the United States signed and ratified the UNFCCC. As stated in Article 2 of the UNFCCC, “The 
ultimate objective of this Convention and any related legal instruments that the Conference of the Parties 
may adopt is to achieve, in accordance with the relevant provisions of the Convention, stabilization of 
greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic 
interference with the climate system. Such a level should be achieved within a time-frame sufficient to 
allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened 
and to enable economic development to proceed in a sustainable manner.”2

 
Parties to the Convention, by ratifying, “shall develop, periodically update, publish and make 
available…national inventories of anthropogenic emissions by sources and removals by sinks of all 
greenhouse gases not controlled by the Montreal Protocol, using comparable methodologies…”3 The 
United States views this report as an opportunity to fulfill these commitments.  
 
This chapter summarizes the latest information on U.S. anthropogenic greenhouse gas emission trends 
from 1990 through 2005. To ensure that the U.S. emissions inventory is comparable to those of other 
UNFCCC Parties, the estimates presented here were calculated using methodologies consistent with those 
recommended in the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 
(IPCC/UNEP/OECD/IEA 1997), the IPCC Good Practice Guidance and Uncertainty Management in 
National Greenhouse Gas Inventories (IPCC 2000), and the IPCC Good Practice Guidance for Land Use, 
Land-Use Change, and Forestry (IPCC 2003). Additionally, the U.S. emission inventory has begun to 
incorporate new methodologies and data from the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories (IPCC 2006). The structure of this report is consistent with the UNFCCC guidelines for 
inventory reporting.4 For most source categories, the Intergovernmental Panel on Climate Change (IPCC) 
methodologies were expanded, resulting in a more comprehensive and detailed estimate of emissions. 
 
 
 
 

                                                 
1 The term “anthropogenic”, in this context, refers to greenhouse gas emissions and removals that are a direct result of human activities or are the 
result of natural processes that have been affected by human activities (IPCC/UNEP/OECD/IEA 1997). 
2 Article 2 of the Framework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate Change. See 
<http://unfccc.int>. 
3 Article 4(1)(a) of the United Nations Framework Convention on Climate Change (also identified in Article 12). Subsequent decisions by the 
Conference of the Parties elaborated the role of Annex I Parties in preparing national inventories. See 
<http://unfccc.int>. 
  
4 See <http://unfccc.int/resource/docs/cop8/08.pdf>. 



Recalculations of Inventory Estimates 
 
Each year, emission and sink estimates are recalculated and revised for all years in the Inventory of U.S. 
Greenhouse Gas Emissions and Sinks, as attempts are made to improve both the analyses themselves, 
through the use of better methods or data, and the overall usefulness of the report. In this effort, the 
United States follows the IPCC Good Practice Guidance (IPCC 2000), which states, regarding 
recalculations of the time series, "It is good practice to recalculate historic emissions when methods are 
changed or refined, when new source categories are included in the national inventory, or when errors in 
the estimates are identified and corrected." In general, recalculations are made to the U.S. greenhouse gas 
emission estimates either to incorporate new methodologies or, most commonly, to update recent 
historical data. 
 
In each Inventory report, the results of all methodology changes and historical data updates are presented 
in the "Recalculations and Improvements" chapter; detailed descriptions of each recalculation are 
contained within each source's description contained in the report, if applicable. In general, when 
methodological changes have been implemented, the entire time series (in the case of the most recent 
inventory report, 1990 through 2004) has been recalculated to reflect the change, per IPCC Good Practice 
Guidance. Changes in historical data are generally the result of changes in statistical data supplied by 
other agencies. References for the data are provided for additional information. 
 
Background Information 
Naturally occurring greenhouse gases include water vapor, carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O), and ozone (O3). Several classes of halogenated substances that contain fluorine, chlorine, or 
bromine are also greenhouse gases, but they are, for the most part, solely a product of industrial activities. 
Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) are halocarbons that contain 
chlorine, while halocarbons that contain bromine are referred to as bromofluorocarbons (i.e., halons). As 
stratospheric ozone depleting substances, CFCs, HCFCs, and halons are covered under the Montreal 
Protocol on Substances that Deplete the Ozone Layer. 
The UNFCCC defers to this earlier international treaty. Consequently, Parties to the UNFCCC are not 
required to include these gases in their national greenhouse gas emission inventories.5 Some other 
fluorine-containing halogenated substances—hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and 
sulfur hexafluoride (SF6)—do not deplete stratospheric ozone but are potent greenhouse gases. These 
latter substances are addressed by the UNFCCC and accounted for in national greenhouse gas emission 
inventories. 
 
There are also several gases that do not have a direct global warming effect but indirectly affect terrestrial 
and/or solar radiation absorption by influencing the formation or destruction of greenhouse gases, 
including tropospheric and stratospheric ozone. These gases include carbon monoxide (CO), oxides of 
nitrogen (NOx), and non-CH4 volatile organic compounds (NMVOCs). Aerosols, which are extremely 
small particles or liquid droplets, such as those produced by sulfur dioxide (SO2) or elemental carbon 
emissions, can also affect the absorptive characteristics of the atmosphere. 
 
Although the direct greenhouse gases CO2, CH4, and N2O occur naturally in the atmosphere, human 
activities have changed their atmospheric concentrations. From the pre-industrial era (i.e., ending about 
1750) to 2004, concentrations of these greenhouse gases have increased globally by 35, 143, and 18 
percent, respectively (IPCC 2001, Hofmann 2004).  
 

                                                 
5 Emissions estimates of CFCs, HCFCs, halons and other ozone-depleting substances are included in the annexes of the 
Inventory report for informational purposes. 
 



Beginning in the 1950s, the use of CFCs and other stratospheric ozone depleting substances (ODS) 
increased by nearly 10 percent per year until the mid-1980s, when international concern about ozone 
depletion led to the entry into force of the Montreal Protocol. Since then, the production of ODS is being 
phased out. In recent years, use of 
ODS substitutes such as HFCs and PFCs has grown as they begin to be phased in as replacements for 
CFCs and HCFCs. Accordingly, atmospheric concentrations of these substitutes have been growing 
(IPCC 2001). 
 
Global Warming Potentials 
 
Gases in the atmosphere can contribute to the greenhouse effect both directly and indirectly. Direct effects 
occur when the gas itself absorbs radiation. Indirect radiative forcing occurs when chemical 
transformations of the substance produce other greenhouse gases, when a gas influences the atmospheric 
lifetimes of other gases, and/or when a gas affects atmospheric processes that alter the radiative balance 
of the earth (e.g., affect cloud formation or albedo).6 The IPCC developed the Global Warming Potential 
(GWP) concept to compare the ability of each greenhouse gas to trap heat in the atmosphere relative to 
another gas. 
 
The GWP of a greenhouse gas is defined as the ratio of the time-integrated radiative forcing from the 
instantaneous release of 1 kilogram (kg) of a trace substance relative to that of 1 kg of a reference gas 
(IPCC 2001). Direct 
radiative effects occur when the gas itself is a greenhouse gas. The reference gas used is CO2, and 
therefore GWPweighted emissions are measured in teragrams of CO2 equivalent (Tg CO2 Eq.).7 All gases 
in this Executive Summary are presented in units of Tg CO2 Eq. 
 
The UNFCCC reporting guidelines for national inventories were updated in 2002,8 but continue to require 
the use of GWPs from the IPCC Second Assessment Report (SAR) (IPCC 1996). This requirement 
ensures that current estimates of aggregate greenhouse gas emissions for 1990 to 2005 are consistent with 
estimates developed prior to the publication of the IPCC Third Assessment Report (TAR). Therefore, to 
comply with international reporting standards under the UNFCCC, official emission estimates are 
reported by the United States using SAR GWP values. All estimates are provided throughout the report in 
both CO2 equivalents and unweighted units. A comparison of emission values using the SAR GWPs 
versus the TAR GWPs can be found in Chapter 1 and, in more detail, in Annex 6.1 of this report. The 
GWP values used in this report are listed below in Table ES-1. 
 
Table ES-1: Global Warming Potentials (100-Year Time Horizon) Used in this Report 
 

  
 
 
 
 
 

                                                 
6 Albedo is a measure of the Earth’s reflectivity, and is defined as the fraction of the total solar radiation incident on a body that 
is reflected by it. 
 
7 Carbon comprises 12/44ths of carbon dioxide by weight. 
8 See <http://unfccc.int/resource/docs/cop8/08.pdf>. 
 



  Gas    GWP 
 

CO2        1 
CH4*       21 
N2O       310 

HFC-23   11,700 
HFC-32      650 
HFC-125    2,800 
HFC-134a    1,300 
HFC-143a    3,800 
HFC-152a      140 
HFC-227ea    2,900 
HFC-236fa    6,300 
HFC-4310mee   1,300 
CF4    6,500 
C2F6     9,200 
C4F10      7,000 
C6F14      7,400 
SF6    23,900 

 
Source: IPCC (1996) 
* The CH4 GWP includes the direct effects and those indirect effects due to the production of tropospheric ozone 
and stratospheric water vapor. The indirect effect due to the production of CO2 is not included. 
 
Recent Trends in U.S. Greenhouse Gas Emissions and Sinks 
 
In 2005, total U.S. greenhouse gas emissions were 7,260.4 Tg CO2 Eq. Overall, total U.S. 
emissions have risen by 16.3 percent from 1990 to 2005, while the U.S. gross domestic product 
has increased by 55 percent over the same period (BEA 2006). Emissions rose from 2004 to 
2005, increasing by 0.8 percent (56.7 Tg CO2 Eq.). The following factors were primary 
contributors to this increase: (1) strong economic growth in 2005, leading to increased demand 
for electricity and (2) an increase in the demand for electricity due to warmer summer conditions. 
These factors were moderated by decreasing demand for fuels due to warmer winter conditions 
and higher fuel prices. 
 
Figure ES-1 through Figure ES-3 illustrate the overall trends in total U.S. emissions by gas, 
annual changes, and absolute change since 1990. Table ES-2 provides a detailed summary of 
U.S. greenhouse gas emissions and sinks for 1990 through 2005. 
 

Figure ES-1: U.S. Greenhouse Gas Emissions by Gas 
Figure ES-2: Annual Percent Change in U.S. Greenhouse Gas Emissions 
Figure ES-3: Cumulative Change in U.S. Greenhouse Gas Emissions Relative to 1990 

 
 



 
 

 

  
+ Does not exceed 0.05 Tg CO2 Eq. 



a Parentheses indicate negative values or sequestration. The net CO2 flux total includes both emissions and sequestration, and 
constitutes a sink in the United States. Sinks are only included in net emissions total. 
b Emissions from International Bunker Fuels and Biomass Combustion are not included in totals. 
Note: Totals may not sum due to independent rounding. 
 
Figure ES-4 illustrates the relative contribution of the direct greenhouse gases to total U.S. emissions in 
2005. The primary greenhouse gas emitted by human activities in the United States was CO2, representing 
approximately 83.9 percent of total greenhouse gas emissions. The largest source of CO2, and of overall 
greenhouse gas emissions, was fossil fuel combustion. CH4 emissions, which have steadily declined since 
1990, resulted primarily from decomposition of wastes in landfills, natural gas systems, and enteric 
fermentation associated with domestic livestock. Agricultural soil management and mobile source fossil 
fuel combustion were the major sources of N2O emissions. The emissions of substitutes for ozone 
depleting substances and emissions of HFC-23 during the production of HCFC-22 were the primary 
contributors to aggregate HFC emissions. Electrical transmission and distribution systems accounted for 
most SF6 emissions, while PFC emissions resulted from semiconductor manufacturing and as a by-
product of primary aluminum production. 
 
Figure ES-4: 2005 Greenhouse Gas Emissions by Gas (percents based on Tg CO2 Eq.) 
Overall, from 1990 to 2005, total emissions of CO2 increased by 1,027.9 Tg CO2 Eq. (20.3 percent), while 
CH4 and N2O emissions decreased by 69.8 Tg CO2 Eq. (11.5 percent) and 13.4 Tg CO2 Eq. (2.8 percent), 
respectively. During the same period, aggregate weighted emissions of HFCs, PFCs, and SF6 rose by 73.7 
Tg CO2 Eq. (82.5 percent). Despite being emitted in smaller quantities relative to the other principal 
greenhouse gases, emissions of HFCs, PFCs, and SF6 are significant because many of them have 
extremely high global warming potentials and, in the cases of PFCs and SF6, long atmospheric lifetimes. 
Conversely, U.S. greenhouse gas emissions were partly offset by carbon sequestration in forests, trees in 
urban areas, agricultural soils, and landfilled yard trimmings and food scraps, which, in aggregate, offset 
11.4 percent of total emissions in 2005. The following sections describe each gas’ contribution to total 
U.S. greenhouse gas emissions in more detail. 
 
Carbon Dioxide Emissions 
The global carbon cycle is made up of large carbon flows and reservoirs. Billions of tons of carbon in the 
form of CO2 are absorbed by oceans and living biomass (i.e., sinks) and are emitted to the atmosphere 
annually through natural processes (i.e., sources). When in equilibrium, carbon fluxes among these 
various reservoirs are roughly balanced. Since the Industrial Revolution (i.e., about 1750), global 
atmospheric concentrations of CO2 have risen about 35 percent (IPCC 2001, Hofmann 2004), principally 
due to the combustion of fossil fuels. Within the United States, fuel combustion accounted for 94 percent 
of CO2 emissions in 2005. Globally, approximately 27,044 Tg of CO2 were added to the atmosphere 
through the combustion of fossil fuels in 2004, of which the United States accounted for about 22 
percent.9 Changes in land use and forestry practices can also emit CO2 (e.g., through conversion of forest 
land to agricultural or urban use) or can act as a sink for CO2 (e.g., through net additions to forest 
biomass). 
 
Figure ES-5: 2005 Sources of CO2 
 
As the largest source of U.S. greenhouse gas emissions, CO2 from fossil fuel combustion has accounted 
for approximately 77 percent of GWP-weighted emissions since 1990, growing slowly from 76 percent of 
total GWP weighted emissions in 1990 to 79 percent in 2005. Emissions of CO2 from fossil fuel 
combustion increased at an average annual rate of 1.3 percent from 1990 to 2005. The fundamental 
                                                 
9 Global CO2 emissions from fossil fuel combustion were taken from Energy Information Administration International Energy Annual 2004 
(EIA 2006a). 
 



factors influencing this trend include (1) a generally growing domestic economy over the last 15 years, 
and (2) significant overall growth in emissions from electricity generation and transportation activities. 
Between 1990 and 2005, CO2 emissions from fossil fuel combustion increased from 4,724.1 Tg CO2 Eq. 
to 5,751.2 Tg CO2 Eq.�a 21.7 percent total increase over the fifteen-year period. From 2004 to 2005, 
these emissions increased by 38.2 Tg CO2 Eq. (0.7 percent). 
 
Historically, changes in emissions from fossil fuel combustion have been the dominant factor affecting 
U.S. emission trends. Changes in CO2 emissions from fossil fuel combustion are influenced by many 
long-term and short-term factors, including population and economic growth, energy price fluctuations, 
technological changes, and seasonal temperatures. On an annual basis, the overall consumption of fossil 
fuels in the United States generally fluctuates in response to changes in general economic conditions, 
energy prices, weather, and the availability of non-fossil alternatives. For example, in a year with 
increased consumption of goods and services, low fuel prices, severe summer and winter weather 
conditions, nuclear plant closures, and lower precipitation feeding hydroelectric dams, there would likely 
be proportionally greater fossil fuel consumption than a year with poor economic performance, high fuel 
prices, mild temperatures, and increased output from nuclear and hydroelectric plants. 
 
Figure ES-6: 2005 CO2 Emissions from Fossil Fuel Combustion by Sector and Fuel Type 
Figure ES-7: 2005 End-Use Sector Emissions of CO2 from Fossil Fuel Combustion 
 
The four major end-use sectors contributing to CO2 emissions from fossil fuel combustion are industrial, 
transportation, residential, and commercial. Electricity generation also emits CO2, although these 
emissions are produced as they consume fossil fuel to provide electricity to one of the four end-use 
sectors. For the discussion below, electricity generation emissions have been distributed to each end-use 
sector on the basis of each sector’s share of aggregate electricity consumption. This method of 
distributing emissions assumes that each end-use sector consumes electricity that is generated from the 
national average mix of fuels according to their carbon intensity. Emissions from electricity generation 
are also addressed separately after the end-use sectors have been discussed. 
 
Note that emissions from U.S. territories are calculated separately due to a lack of specific consumption 
data for the individual end-use sectors. 
 
Figure ES-6, Figure ES-7, and Table ES-3 summarize CO2 emissions from fossil fuel combustion by end-
use sector. 
 
 

 
 



 
 
Transportation End-Use Sector. Transportation activities (excluding international bunker fuels) 
accounted for 33 percent of CO2 emissions from fossil fuel combustion in 2005.10 Virtually all of the 
energy consumed in this endues sector came from petroleum products. Over 60 percent of the emissions 
resulted from gasoline consumption for personal vehicle use. The remaining emissions came from other 
transportation activities, including the combustion of diesel fuel in heavy-duty vehicles and jet fuel in 
aircraft. 
Industrial End-Use Sector. Industrial CO2 emissions, resulting both directly from the combustion of 
fossil fuels and indirectly from the generation of electricity that is consumed by industry, accounted for 
27 percent of CO2 from fossil fuel combustion in 2005. About half of these emissions resulted from direct 
fossil fuel combustion to produce steam and/or heat for industrial processes. The other half of the 
emissions resulted from consuming electricity for motors, electric furnaces, ovens, lighting, and other 
applications. 
Residential and Commercial End-Use Sectors. The residential and commercial end-use sectors 
accounted for 21 and 18 percent, respectively, of CO2 emissions from fossil fuel combustion in 2005. 
Both sectors relied heavily on electricity for meeting energy demands, with 70 and 78 percent, 
respectively, of their emissions attributable to electricity consumption for lighting, heating, cooling, and 
operating appliances. The remaining emissions were due to the consumption of natural gas and petroleum 
for heating and cooking. 
Electricity Generation. The United States relies on electricity to meet a significant portion of its energy 
demands, especially for lighting, electric motors, heating, and air conditioning. Electricity generators 
consumed 36 percent of U.S. energy from fossil fuels and emitted 41 percent of the CO2 from fossil fuel 
combustion in 2005. The type of fuel combusted by electricity generators has a significant effect on their 
emissions. For example, some electricity is generated with low CO2 emitting energy technologies, 
particularly non-fossil options such as nuclear, hydroelectric, or geothermal energy. However, electricity 
generators rely on coal for over half of their total energy requirements and accounted for 93 percent of all 
coal consumed for energy in the United States in 2005. Consequently, changes in electricity demand have 
a significant impact on coal consumption and associated CO2 emissions. 
Other significant CO2 trends included the following: 

• CO2 emissions from non-energy use of fossil fuels have increased 25.1 Tg CO2 Eq. (21 percent) 
from 1990 through 2005. Emissions from non-energy uses of fossil fuels were 142.4 Tg CO2 Eq. 
in 2005, which constituted 2.5 percent of overall fossil fuel CO2 emissions and 2.3 percent of 
total national CO2 emissions, approximately the same proportion as in 1990. 

• CO2 emissions from cement production increased to 45.9 Tg CO2 Eq. in 2005, a 38 percent 
increase in emissions since 1990. Emissions mirror growth in the construction industry. In 

                                                 
10 If emissions from international bunker fuels are included, the transportation end-use sector accounted for 35 percent of U.S. emissions from 
fossil fuel combustion in 2005. 
 



contrast to many other manufacturing sectors, demand for domestic cement remains strong 
because it is not cost-effective to transport cement far from its point of manufacture. 

• CO2 emissions from iron and steel production decreased to 45.2 Tg CO2 Eq. in 2005, and have 
declined by 39.6 Tg CO2 Eq. (47 percent) from 1990 through 2005, due to restructuring of the 
industry, technological improvements, and increased scrap utilization. 

• CO2 emissions from municipal solid waste combustion (20.9 Tg CO2 Eq. in 2005) increased by 
10.0 Tg CO2 Eq. (91 percent) from 1990 through 2005, as the volume of plastics and other fossil 
carbon-containing materials in municipal solid waste grew. 

• Net CO2 sequestration from Land Use, Land-Use Change, and Forestry increased by 115.7 Tg 
CO2 Eq. (16 percent) from 1990 through 2005. This increase was primarily due to an increase in 
the rate of net carbon accumulation in forest carbon stocks, particularly in aboveground and 
belowground tree biomass. Annual carbon accumulation in landfilled yard trimmings and food 
scraps slowed over this period, while the rate of carbon accumulation in urban trees increased. 

 
Methane Emissions 
According to the IPCC, CH4 is more than 20 times as effective as CO2 at trapping heat in the atmosphere. 
Over the last two hundred and fifty years, the concentration of CH4 in the atmosphere increased by 143 
percent (IPCC 2001, Hofmann 2004). Anthropogenic sources of CH4 include landfills, natural gas and 
petroleum systems, agricultural activities, coal mining, wastewater treatment, stationary and mobile 
combustion, and certain industrial processes 
(see Figure ES-8). Figure ES-8: 2005 Sources of CH4 Some significant trends in U.S. emissions of CH4 
include the following: 

• Landfills are the largest anthropogenic source of CH4 emissions in the United States. In 2005, 
landfill CH4 emissions were 132.0 Tg CO2 Eq. (approximately 24 percent of total CH4 
emissions), which represents a decline of 29.0 Tg CO2 Eq., or 18 percent, since 1990. Although 
the amount of solid waste landfilled each year continues to grow, the amount of CH4 captured and 
burned at landfills has increased dramatically, countering this trend.11 

• In 2005, CH4 emissions from coal mining were 52.4 Tg CO2 Eq. This decline of 29.5 Tg CO2 Eq. 
(36 percent) from 1990 results from the mining of less gassy coal from underground mines and 
the increased use of CH4 collected from degasification systems. 

• CH4 emissions from natural gas systems were 111.1 Tg CO2 Eq. in 2005; emissions have declined 
by 13.3 Tg CO2 Eq. (11 percent) since 1990. This decline has been due to improvements in 
technology and management practices, as well as some replacement of old equipment. 

• CH4 emissions from manure management were 41.3 Tg CO2 Eq. in 2005. From 1990 to 2005, 
emissions from this source increased by 10.4 Tg CO2 Eq. (34 percent). The bulk of this increase 
was from swine and dairy cow manure, and is attributed to the shift in the composition of the 
swine and dairy industries toward larger facilities. Larger swine and dairy farms tend to use liquid 
management systems, where the decomposition of materials in the manure tends to produce CH4. 

 
Nitrous Oxide Emissions 
N2O is produced by biological processes that occur in soil and water and by a variety of anthropogenic 
activities in the agricultural, energy-related, industrial, and waste management fields. While total N2O 
emissions are much lower than CO2 emissions, N2O is approximately 300 times more powerful than CO2 
at trapping heat in the atmosphere. Since 1750, the global atmospheric concentration of N2O has risen by 
approximately 18 percent (IPCC 2001, Hofmann 2004). The main anthropogenic activities producing 
N2O in the United States are agricultural soil management, fuel combustion in motor vehicles, manure 

                                                 
11 The CO2 produced from combusted landfill CH4 is not counted in national inventories as it is considered part of the natural C cycle of 
decomposition. 
 



management, nitric acid production, wastewater treatment, and stationary fuel combustion (see Figure 
ES-9). 
Figure ES-9: 2005 Sources of N2O 
Some significant trends in U.S. emissions of N2O include the following: 

• Agricultural soil management activities such as fertilizer application and other cropping practices 
were the largest source of U.S. N2O emissions, accounting for 78 percent (365.1 Tg CO2 Eq.) of 
2005 emissions. N2O emissions from this source have not shown any significant long-term trend, 
as they are highly sensitive to the amount of N applied to soils, which has not changed 
significantly over the time-period. 

• In 2005, N2O emissions from mobile combustion were 38.0 Tg CO2 Eq. (approximately 8 percent 
of U.S. N2O emissions). From 1990 to 2005, N2O emissions from mobile combustion decreased 
by 13 percent. However, from 1990 to 1998 emissions increased by 10 percent, due to control 
technologies that reduced NOx emissions while increasing N2O emissions. Since 1998, newer 
control technologies have led to a steady decline in N2O from this source. 

 
HFC, PFC, and SF6 Emissions 
HFCs and PFCs are families of synthetic chemicals that are used as alternatives to the ODSs, which are 
being phased out under the Montreal Protocol and Clean Air Act Amendments of 1990. HFCs and PFCs 
do not deplete the stratospheric ozone layer, and are therefore acceptable alternatives under the Montreal 
Protocol. 
 
These compounds, however, along with SF6, are potent greenhouse gases. In addition to having high 
global warming potentials, SF6 and PFCs have extremely long atmospheric lifetimes, resulting in their 
essentially irreversible accumulation in the atmosphere once emitted. Sulfur hexafluoride is the most 
potent greenhouse gas the IPCC has evaluated. 
 
Other emissive sources of these gases include HCFC-22 production, electrical transmission and 
distribution systems, semiconductor manufacturing, aluminum production, and magnesium production 
and processing (see Figure ES-10).  
Figure ES-10: 2005 Sources of HFCs, PFCs, and SF6  
 
Some significant trends in U.S. HFC, PFC, and SF6 emissions include the following: 

• Emissions resulting from the substitution of ozone depleting substances (e.g., CFCs) have been 
increasing from small amounts in 1990 to 123.3 Tg CO2 Eq. in 2005. Emissions from substitutes 
for ozone depleting substances are both the largest and the fastest growing source of HFC, PFC, 
and SF6 emissions. These emissions have been increasing as phase-outs required under the 
Montreal Protocol come into effect, especially after 1994 when full market penetration was made 
for the first generation of new technologies featuring ODS substitutes. 

• The increase in ODS substitute emissions is offset substantially by decreases in emission of 
HFCs, PFCs, and SF6 from other sources. Emissions from aluminum production decreased by 84 
percent (15.6 Tg CO2 Eq.) from 1990 to 2005, due to both industry emission reduction efforts and 
lower domestic aluminum production. 

• Emissions from the production of HCFC-22 decreased by 53 percent (18.4 Tg CO2 Eq.) from 
1990 through 2005, due to a steady decline in the emission rate of HFC-23 (i.e., the amount of 
HFC-23 emitted per kilogram of HCFC-22 manufactured) and the use of thermal oxidation at 
some plants to reduce HFC-23 emissions. 

• Emissions from electric power transmission and distribution systems decreased by 51 percent 
(13.9 Tg CO2 Eq.) from 1990 to 2005, primarily because of higher purchase prices for SF6 and 
efforts by industry to reduce emissions. 

 



Overview of Sector Emissions and Trends 
 
In accordance with the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories 
(IPCC/UNEP/OECD/IEA 1997), and the 2003 UNFCCC Guidelines on Reporting and Review (UNFCCC 
2003), the Inventory of U.S. Greenhouse Gas Emissions and Sinks report is segregated into six sector-
specific chapters. 
 
Figure ES-11 and Table ES-4 aggregate emissions and sinks by these chapters. 
Figure ES-11: U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector 
 
 

 
 
Energy 
The Energy chapter contains emissions of all greenhouse gases resulting from stationary and mobile 
energy activities including fuel combustion and fugitive fuel emissions. Energy-related activities, 
primarily fossil fuel combustion, accounted for the vast majority of U.S. CO2 emissions for the period of 
1990 through 2005. In 2005, approximately 86 percent of the energy consumed in the United States (on a 
Btu basis) was produced through the combustion of fossil fuels. The remaining 14 percent came from 
other energy sources such as hydropower, biomass, nuclear, wind, and solar energy (see Figure ES-12). 
Energy related activities are also responsible for CH4 
and N2O emissions (38 percent and 11 percent of total U.S. emissions of each gas, respectively). Overall, 
emission sources in the Energy chapter account for a combined 85 percent of total U.S. greenhouse gas 
emissions in 2005. 
Figure ES-12: 2005 U.S. Energy Consumption by Energy Source 
 
Industrial Processes 
The Industrial Processes chapter contains by-product or fugitive emissions of greenhouse gases from 
industrial processes not directly related to energy activities such as fossil fuel combustion. For example, 
industrial processes can chemically transform raw materials, which often release waste gases such as CO2, 
CH4, and N2O. The processes include iron and steel production, lead and zinc production, cement 
manufacture, ammonia manufacture and urea application, lime manufacture, limestone and dolomite use 
(e.g., flux stone, flue gas desulphurization, and glass manufacturing), soda ash manufacture and use, 
titanium dioxide production, phosphoric acid production, ferroalloy production, CO2 consumption, 
aluminum production, petrochemical production, silicon carbide production, nitric acid production, and 
adipic acid production. Additionally, emissions from industrial processes release HFCs, PFCs, and SF6. 
Overall, emission sources in the Industrial Process chapter account for 4.6 percent of U.S. greenhouse gas 
emissions in 2005. 
 



Solvent and Other Product Use 
The Solvent and Other Product Use chapter contains greenhouse gas emissions that are produced as a by-
product of various solvent and other product uses. In the United States, emissions from N2O Product 
Usage, the only source of greenhouse gas emissions from this sector, accounted for less than 0.1 percent 
of total U.S. anthropogenic greenhouse gas emissions on a carbon equivalent basis in 2005. 
 
Agriculture 
The Agricultural chapter contains anthropogenic emissions from agricultural activities (except fuel 
combustion, which is addressed in the Energy chapter, and agricultural CO2 fluxes, which are addressed 
in the Land Use, Land- Use Change, and Forestry Chapter). Agricultural activities contribute directly to 
emissions of greenhouse gases through a variety of processes, including the following source categories: 
enteric fermentation in domestic livestock, livestock manure management, rice cultivation, agricultural 
soil management, and field burning of agricultural residues. CH4 and N2O were the primary greenhouse 
gases emitted by agricultural activities. CH4 emissions from enteric fermentation and manure 
management represented about 21 percent and 8 percent of total CH4 emissions from anthropogenic 
activities, respectively, in 2005. Agricultural soil management activities such as fertilizer application and 
other cropping practices were the largest source of U.S. N2O emissions in 2005, accounting for 78 
percent. In 2005, emission sources accounted for in the Agricultural chapters were responsible for 7.4 
percent of total U.S. greenhouse gas emissions. 
 
Land Use, Land-Use Change, and Forestry 
The Land Use, Land-Use Change, and Forestry chapter contains emissions of CH4 and N2O, and 
emissions and removals of CO2 from forest management, other land-use activities, and land-use change. 
Forest management practices, tree planting in urban areas, the management of agricultural soils, and the 
landfilling of yard trimmings and food scraps have resulted in a net uptake (sequestration) of C in the 
United States. Forests (including vegetation, soils, and harvested wood) accounted for approximately 84 
percent of total 2005 sequestration, urban trees accounted for 11 percent, agricultural soils (including 
mineral and organic soils and the application of lime) accounted for 2 percent, and landfilled yard 
trimmings and food scraps accounted for 1 percent of the total sequestration in 2005. The net forest 
sequestration is a result of net forest growth and increasing forest area, as well as a net accumulation of 
carbon stocks in harvested wood pools. The net sequestration in urban forests is a result of net tree growth 
in these areas. In agricultural soils, mineral soils account for a net C sink that is almost two times larger 
than the sum of emissions from organic soils and liming. The mineral soil C sequestration is largely due 
to the conversion of cropland to permanent pastures and hay production, a reduction in summer fallow 
areas in semiarid areas, an increase in the adoption of conservation tillage practices, and an increase in the 
amounts of organic fertilizers (i.e., manure and sewage sludge) applied to agriculture lands. The landfilled 
yard trimmings and food scraps net sequestration is due to the long-term accumulation of yard trimming 
carbon and food scraps in landfills. Land use, land-use change, and forestry activities in 2005 resulted in a 
net C sequestration of 828.5 Tg CO2 Eq. (Table ES-5). This represents an offset of approximately 13.6 
percent of total U.S. CO2 emissions, or 11.4 percent of total greenhouse gas emissions in 2005. Total land 
use, land-use change, and forestry net C sequestration increased by approximately 16 percent between 
1990 and 2005, primarily due to an increase in the rate of net C accumulation in forest C stocks, 
particularly in aboveground and belowground tree biomass. Annual C accumulation in landfilled yard 
trimmings and food scraps slowed over this period, while the rate of annual C accumulation increased in 
urban trees. Net U.S. emissions (all sources and sinks) increased by 16.4 percent from 1990 to 2005. 
 
Non-CO2 emissions from Land Use, Land-Use Change, and Forestry are shown in Table ES-6. The 
application of synthetic fertilizers to forest and settlement soils in 2005 resulted in direct N2O emissions 
of 6.2 Tg CO2 Eq. Direct N2O emissions from fertilizer application increased by approximately 19 percent 
between 1990 and 2005. Non-CO2 emissions from forest fires in 2005 resulted in CH4 emissions of 11.6 
Tg CO2 Eq., and in N2O emissions of 1.2 Tg CO2 Eq. 



 
 

 
 

 
Waste 
The Waste chapter contains emissions from waste management activities (except waste incineration, 
which is addressed in the Energy chapter). Landfills were the largest source of anthropogenic CH4 
emissions, accounting for 24 percent of total U.S. CH4 emissions.12 Additionally, wastewater treatment 
accounts for just under 5 percent of U.S. CH4 emissions. N2O emissions from the discharge of wastewater 
treatment effluents into aquatic environments were estimated, as were N2O emissions from the treatment 
process itself. Overall, in 2005, emission sources accounted for in the Waste chapter generated 2.3 
percent of total U.S. greenhouse gas emissions. 
 
Other Information 
 
Emissions by Economic Sector 
Throughout the Inventory of U.S. Greenhouse Gas Emissions and Sinks report, emission estimates are 
grouped into six sectors (i.e., chapters) defined by the IPCC: Energy, Industrial Processes, Solvent Use, 
Agriculture, Land Use, Land-Use Change, and Forestry, and Waste. While it is important to use this 
characterization for consistency with UNFCCC reporting guidelines, it is also useful to allocate emissions 
into more commonly used sectoral categories. 

                                                 
12 Landfills also store carbon, due to incomplete degradation of organic materials such as wood products and yard trimmings, as described in the 
Land-Use, Land-Use Change, and Forestry chapter of the Inventory report. 
 
 



This section reports emissions by the following economic sectors: Residential, Commercial, Industry, 
Transportation, Electricity Generation, and Agriculture, and U.S. Territories. 
Table ES-7 summarizes emissions from each of these sectors, and Figure ES-13 shows the trend in 
emissions by sector from 1990 to 2005. 
Figure ES-13: Emissions Allocated to Economic Sectors 
 

 
 
 
Using this categorization, emissions from electricity generation accounted for the largest portion (33 
percent) of U.S. greenhouse gas emissions in 2005. Transportation activities, in aggregate, accounted for 
the second largest portion (28 percent). Emissions from industry accounted for 19 percent of U.S. 
greenhouse gas emissions in 2005. 
 
In contrast to electricity generation and transportation, emissions from industry have in general declined 
over the past decade. The long-term decline in these emissions has been due to structural changes in the 
U.S. economy (i.e., shifts from a manufacturing-based to a service-based economy), fuel switching, and 
energy efficiency improvements. The remaining 20 percent of U.S. greenhouse gas emissions were 
contributed by the residential, agriculture, and commercial sectors, plus emissions from U.S. territories. 
The residential sector accounted for about 5 percent, and primarily consisted of CO2 emissions from fossil 
fuel combustion. Activities related to agriculture accounted for roughly 8 percent of U.S. emissions; 
unlike other economic sectors, agricultural sector emissions were dominated by N2O emissions from 
agricultural soil management and CH4 emissions from enteric fermentation, rather than CO2 from fossil 
fuel combustion. The commercial sector accounted for about 6 percent of emissions, while U.S. territories 
accounted for 1 percent. 
 
CO2 was also emitted and sequestered by a variety of activities related to forest management practices, 
tree planting in urban areas, the management of agricultural soils, and landfilling of yard trimmings.  
 
Electricity is ultimately consumed in the economic sectors described above. Table ES-8 presents 
greenhouse gas emissions from economic sectors with emissions related to electricity generation 
distributed into end-use categories (i.e., emissions from electricity generation are allocated to the 
economic sectors in which the electricity is consumed). To distribute electricity emissions among end-use 
sectors, emissions from the source categories assigned to electricity generation were allocated to the 
residential, commercial, industry, transportation, and agriculture economic sectors according to retail 
sales of electricity.13 These source categories include CO2 from fossil fuel combustion and the use of 
                                                 
13 Emissions were not distributed to U.S. territories, since the electricity generation sector only includes emissions related to the generation of 
electricity in the 50 states and the District of Columbia. 
 



limestone and dolomite for flue gas desulfurization, CO2 and N2O from waste combustion, CH4 and N2O 
from stationary sources, and SF6 from electrical transmission and distribution systems. 
 
When emissions from electricity are distributed among these sectors, industry accounts for the largest 
share of U.S. greenhouse gas emissions (28 percent) in 2005. Emissions from the residential and 
commercial sectors also increase substantially when emissions from electricity are included, due to their 
relatively large share of electricity consumption (e.g., lighting, appliances, etc.). Transportation activities 
remain the second largest contributor to total U.S. emissions (28 percent). In all sectors except 
agriculture, CO2 accounts for more than 80 percent of greenhouse gas emissions, primarily from the 
combustion of fossil fuels. Figure ES-14 shows the trend in these emissions by sector from 1990 to 2005. 
 
Figure ES-14: Emissions with Electricity Distributed to Economic Sectors 
 

 
 
 
Box ES-2: Recent Trends in Various U.S. Greenhouse Gas Emissions-Related Data 
 
Total emissions can be compared to other economic and social indices to highlight changes over time. 
These comparisons include: 1) emissions per unit of aggregate energy consumption, because energy-
related activities are the largest sources of emissions; 2) emissions per unit of fossil fuel consumption, 
because almost all energy-related emissions involve the combustion of fossil fuels; 3) emissions per unit 
of electricity consumption, because the electric power industry—utilities and nonutilities combined—was 
the largest source of U.S. greenhouse gas emissions in 2005; 4) emissions per unit of total gross domestic 
product as a measure of national economic activity; or 5) emissions per capita. 
 
Table ES-9 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 
1990 as a baseline year. Greenhouse gas emissions in the United States have grown at an average annual 
rate of 1.0 percent since 1990. This rate is slightly slower than that for total energy or fossil fuel 
consumption and much slower than that for either electricity consumption or overall gross domestic 
product. Total U.S. greenhouse gas emissions have also grown slightly slower than national population 
since 1990 (see Figure ES-15). 
 



 
 
Indirect Greenhouse Gases (CO, NOx, NMVOCs, and SO2) 

14The reporting requirements of the UNFCCC  request that information be provided on indirect 
greenhouse gases, which include CO, NOx, NMVOCs, and SO2. These gases do not have a direct global 
warming effect, but indirectly affect terrestrial radiation absorption by influencing the formation and 
destruction of tropospheric and stratospheric ozone, or, in the case of SO2, by affecting the absorptive 
characteristics of the atmosphere. Additionally, some of these gases may react with other chemical 
compounds in the atmosphere to form compounds that are greenhouse gases. 
 
Since 1970, the United States has published estimates of annual emissions of CO, NOx, NMVOCs, and 
SO2 (EPA 2006),15 which are regulated under the Clean Air Act. Table ES-10 shows that fuel combustion 
accounts for the majority of emissions of these indirect greenhouse gases. Industrial processes—such as 
the manufacture of chemical and allied products, metals processing, and industrial uses of solvents—are 
also significant sources of CO, NOx, and NMVOCs. 
 

                                                 
14 See <http://unfccc.int/resource/docs/cop8/08.pdf>. 
 
15 NOx and CO emission estimates from field burning of agricultural residues were estimated separately, and therefore not taken from EPA 
(2006). 
 
 
 
 



 
 

 

 
 
Key Categories 
The IPCC’s Good Practice Guidance (IPCC 2000) defines a key category as a “[source or sink category] 
that is prioritized within the national inventory system because its estimate has a significant influence on a 
country’s total inventory of direct greenhouse gases in terms of the absolute level of emissions, the trend 
in emissions, or both.”16 By definition, key categories are sources or sinks that have the greatest 
contribution to the absolute overall level of national emissions in any of the years covered by the time 

                                                 
16 See Chapter 7 “Methodological Choice and Recalculation” in IPCC (2000). 
<http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm> 
 



series. In addition, when an entire time series of emission estimates is prepared, a thorough investigation 
of key categories must also account for the influence of trends of individual source and sink categories. 
Finally, a qualitative evaluation of key categories should be performed, in order to capture any key 
categories that were not identified in either of the quantitative analyses. 
 
Figure ES-16 presents 2005 emission estimates for the key categories as defined by a level analysis (i.e., 
the contribution of each source or sink category to the total inventory level). The UNFCCC reporting 
guidelines request that key category analyses be reported at an appropriate level of disaggregation, which 
may lead to source and sink category names which differ from those used elsewhere in the inventory 
report. For more information regarding key categories, see section 1.5 and Annex 1 of the inventory 
report. 
Figure ES-16: 2005 Key Categories—Tier 1 Level Assessment 
 
Quality Assurance and Quality Control (QA/QC) 
The United States seeks to continually improve the quality, transparency, and credibility of the Inventory 
of U.S. Greenhouse Gas Emissions and Sinks. To assist in these efforts, the United States implemented a 
systematic approach to QA/QC. While QA/QC has always been an integral part of the U.S. national 
system for inventory development, the procedures followed for the current inventory have been 
formalized in accordance with the QA/QC plan and the UNFCCC reporting guidelines. 
 
Uncertainty Analysis of Emission Estimates 
While the current U.S. emissions inventory provides a solid foundation for the development of a more 
detailed and comprehensive national inventory, there are uncertainties associated with the emission 
estimates. Some of the current estimates, such as those for CO2 emissions from energy-related activities 
and cement processing, are considered to have low uncertainties. For some other categories of emissions, 
however, a lack of data or an incomplete understanding of how emissions are generated increases the 
uncertainty associated with the estimates presented. Acquiring a better understanding of the uncertainty 
associated with inventory estimates is an important step in helping to prioritize future work and improve 
the overall quality of the Inventory. Recognizing the benefit of conducting an uncertainty analysis, the 
UNFCCC reporting guidelines follow the recommendations of the IPCC Good Practice Guidance (IPCC 
2000) and require that countries provide single estimates of uncertainty for source and sink categories. 
 
Currently, a qualitative discussion of uncertainty is presented for all source and sink categories. Within 
the discussion of each emission source, specific factors affecting the uncertainty surrounding the 
estimates are discussed. Most sources also contain a quantitative uncertainty assessment, in accordance 
with UNFCCC reporting guidelines. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
CLIMATE ACTION TEAM REPORT TO THE GOVERNOR AND LEGISLATURE 
_______________________________________________________________________ 

California Environmental Protection Agency 
December, 2005 

 
Climate change is widely recognized by scientists throughout the world to be one of the most daunting 
challenges of our time. Adoption of precautionary and proactive measures are imperative if climate 
change emissions are to be reduced and stabilized and communities are to successfully adapt to the 
coming impacts of climate change. 
 
California is the twelfth largest source of climate change emissions in the world, exceeding most entire 
countries. Actions taken in this state make a difference; not only because we are a major contributor to the 
problem but also because California is known throughout the world as a leader in addressing public health 
and environmental issues. 
 
On June 1, 2005, Governor Schwarzenegger committed California to be a leader in addressing climate 
change by declaring, “I say the debate is over. We know the science. We see the threat. And we know the 
time for action is now.” The Governor signed Executive Order S-3-05 which called for: a reduction of 
greenhouse gas emissions to 2000 levels by 2010; a reduction in greenhouse gas emissions to 1990 by 
2020; and a reduction in greenhouse gas emissions to 80 percent below 1990 levels by 2050. 
 
There are a number of California companies whose voluntary actions support the Governor’s targets. 
More than 50 companies have joined the voluntary California Climate Action Registry and are reporting 
their emissions and discovering best practices to reduce these emissions. In the Silicon Valley, dozens of 
corporations have committed to reducing their emissions to 20 percent below 1990 levels by 2010. 
 
The Climate Group, an independent, nonprofit organization dedicated to advancing business and 
government leadership on climate change, keeps a running tab on Fortune 500 companies such as 
DuPont, Honda, Johnson and Johnson, and Kodak. The Climate Group reports on emissions reduced and 
dollars saved by these companies due to their voluntary actions. Technologies that reduce climate change 
emissions are increasingly in demand in the world marketplace, and California companies investing in 
those technologies are well placed to benefit from this demand. 
 
This report provides direction for the next two years that will result in reduced climate change emissions 
and will better position the state for adapting to the adverse consequences of climate change. The report 
also describes specific strategies that can be implemented by California’s State agencies to reduce the 
state’s carbon footprint. 
 
The report identifies four recommendations that require action by the Governor and the Legislature. They 
are, as a package, intended to encourage investment in technologies that reduce emissions, create jobs, 
and encourage economic growth. These recommendations listed below are considered essential to 
meeting the Governor’s targets: 
 
Mandatory Climate Change Emissions Reporting that builds upon California’s Climate Action Registry 
and allows this state to track progress towards meeting the Governor’s targets. Collecting emissions data, 
starting with data from the largest sources of emissions, will allow the Governor’s targets to be translated 
into a statewide emission cap for the 2010 and 2020 timeframes (and lay the foundation for a cap and 
trade program). 
 



A Public Goods Charge for Transportation that funds key strategies to reduce climate change emissions 
and to reduce dependence on petroleum. Overdependence on petroleum fosters undesirable geopolitical, 
economic, energy, and environmental consequences.  
 
A Coordinated Investment Strategy for the State Funding Programs—such as the State Pension System, 
Public Interest Energy Research fund, and other state investment programs—that works to achieve the 
many benefits of transitioning to a low carbon footprint. The investment strategy would provide 
incentives for industry to develop emission reduction technologies for use in California and abroad, 
thereby maintaining California’s lead in technology development. It should also leverage the talent at 
California’s universities to develop new technologies for reducing emissions and train the next generation 
of technicians that will be necessary to operate and service these technologies. 
 
Provisions for Early Action Credit to California businesses that supports the transition to federal and 
international emission reduction schemes, including a cap and trade program. Such a provision would 
ensure that companies proactive in advance of such schemes are not penalized. 
 
Climate Change Overview 
Human activities are altering the chemical composition of the atmosphere through the rapid buildup of 
climate change emissions—primarily carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and 
hydrofluorocarbons. Atmospheric concentrations of these gases in the ambient atmosphere are increasing 
at a rate not experienced for millions of years, according to ice core samples and other records. Although 
there is some uncertainty about exactly how and when the earth’s climate will respond to increasing 
concentrations of climate change emissions, observations in conjunction with climate models indicate that 
detectable changes are underway. 
 
These observed changes go beyond a global mean rise in temperature and include changes in regional 
temperature extremes, precipitation, soil moisture, and sea level. All of these changes could have 
significant adverse effects on water resources and ecological systems, as well as on human health and the 
economy. The diversity and complexity of the state’s vulnerability to rising climate change emissions 
should both humble and profoundly motivate the state’s policy leaders. As Lord John Browne, Group 
Chief Executive of British Petroleum, once observed—it must be addressed in a manner analogous to 
nuclear proliferation—with constant “momentum”.17

 
There is no scientific uncertainty about the fact that human activities have increased the atmospheric 
abundance of climate change emissions. The uncertainties start when we try to predict exactly what 
climate changes will be in various local areas of the Earth, and what the effects of clouds will be in 
determining the rate at which the mean temperature will increase. 
 
There are also uncertainties associated with the magnitude and timing of other consequences of a warmer 
planet: sea level rise, spread of certain diseases out of their usual geographic range, the effect on 
agricultural production, water supply, sustainability of ecosystems, increased strength and frequency of 
storms, extreme heat events, air pollution episodes, and the consequence of these effects on the economy. 
Already, some of these effects have been seen in California. Over the last hundred years, average 
temperatures have increased 1.2oF, sea levels have risen by 3 to 8 inches, and spring runoff has decreased 
12 percent. 
 
 

                                                 
17 Lord John Browne, CEO, BP, Florence, Italy, November 10, 2000: “To me, the process of reducing the risks of climate change is comparable 
to the process of disarmament: there is a constant need to maintain momentum.” 
 



Executive Order S-3-05 
In recognition of the risks associated with climate change and the imperative for California to take action, 
Governor Schwarzenegger signed Executive Order S-3-05 (EO). This EO established statewide climate 
change emission reduction targets shown in Table ES-1. 

 
To meet these targets California will build upon leadership actions already taken by this state and 
supported by Governor Schwarzenegger and the Legislature. 
 
The EO also directed the Secretary for Environmental Protection (Secretary) to prepare a report to the 
Governor and the Legislature by January 2006 that defines actions necessary to meet the Governor’s 
targets. This effort is to be coordinated with other key agencies to ensure the targets are met. Progress 
towards meeting the targets must be provided in subsequent reports every two years. These reports must 
also include scientific analysis of climate change impacts on the state and adaptation measures that can be 
taken by the state in response to the adverse consequences of these impacts. 
 
Consistent with the EO direction, a Climate Action Team (CAT) was formed. The CAT is comprised of 
knowledgeable representatives from the following: Air Resources Board; Business, Transportation and 
Housing Agency; Department of Food and Agriculture; Energy Commission; Integrated Waste 
Management Board; Public Utilities Commission; and Resources Agency. This team has developed a list 
of emission reduction strategies that are necessary to meet the Governor’s targets. Further, the CAT 
reviewed the work by some of California’s top scientists regarding the impacts of climate change on 
California and potential adaptation measures to combat adverse impacts. 
 
Strategies Underway To Reduce Climate Change Emissions 
California agencies have already undertaken a number of strategies to reduce emissions as shown in Table 
ES-2. The landmark climate change emission reduction motor vehicle regulations were adopted by the 
Air Resources Board in September 2004 and will require cleaner cars to be sold in California beginning in 
2009. The Governor has supported the California Energy Commission and Public Utilities Commission in 
their efforts to accelerate the Renewable Portfolio Standard so that 20 percent of the power from regulated 
utilities will come from renewable resources by 2010 increasing to 33 percent by 2020. 
 
For three decades the California Energy Commission has led the world with the most progressive new 
building and appliance efficiency standards. These efficiency standards have provided substantial climate 
change emission reductions and have saved consumers about $1,000 per household in California. Finally, 
current efforts to reduce waste and increase recycling as well as our ambitious Green Buildings and 
Hydrogen Highway initiatives are other activities that will contribute to meeting the emission reduction 
targets.  
 



Many of the strategies listed in Table ES-2 also reduce ozone and criteria and toxic pollutants. (Criteria 
pollutants are a type of pollutant: oxides of nitrogen, carbon monoxide, and hydrocarbons). Although the 
degree to which they contribute to climate change has not been fully quantified, ozone, most criteria 
pollutants and particulate matter emissions are being evaluated for their climate forcing potential. Further 
iterations of this report will update the Governor and Legislature on the results. For now, the actions listed 
in Table ES-2 and all other actions that reduce criteria pollutants and ozone contribute to meeting the 
Governor’s targets. 

 
1
 These Estimates are based on best available current data and are subject to change 

 
Emission Reduction Strategies Needed to Meet the Governor’s Targets 
The Climate Action Team also developed a list of additional strategies necessary to achieve the 
Governor’s emission reduction targets. A list of these strategies is shown in Table ES-3. Some of these 
strategies are partially underway and their responsible agencies have existing authority to affect their 



implementation. Others will require legislative action; the responsible agencies are developing the 
necessary legislative actions for review by the Governor and Legislature. The strategies in Table ES-3 
span a variety of emission sources. Upon their implementation these strategies will ensure the Governor’s 
targets are met. 

 
 



 
1 These Estimates are based on best available current data and are subject to change 
 
 
 
 



Scenario Analysis 
The scientific analysis underway to determine the impacts of climate change on California and potential 
adaptation measures is referred to here as the Scenario Analysis. Three scenarios were selected to 
determine the range of possible impacts from climate change. These scenarios come directly from the 
Intergovernmental Panel on Climate Change (IPCC) 2001 report and represent high, medium, and low 
emission scenarios. (High = A1fi scenario in the IPCC report; medium = A2 scenario; low = B1 scenario.) 
 
This analysis considers impacts on water resources, public health, agriculture, coastline, forests, and 
electricity demand based on the three emission scenarios. The analysis in this report stems directly from 
the ongoing work being done by the Energy Commission. It represents a mid-point check in the current 
five-year plan the Energy Commission has underway to evaluate climate change impacts in the state. 
Based on the analysis completed to date, the following consequences of climate change on California will 
be severe and will be experienced on both an acute and chronic basis: 

• A diminishing Sierra snowpack of up to 90 percent during the next 100 years threatens 
California’s water supply and quality as the Sierra accounts for almost all of the surface water 
storage in the state. 

• Increasing temperatures from 8 to 10.4 ºF, as expected under the higher emission scenarios, will 
cause a 25 to 35 percent increase in the number of days Californians are exposed to ozone 
pollution in most urban areas. This will offset many of the state’s efforts to reduce pollution. 
Temperature increases are likely to mean an increase in heat-related deaths and pestilence. Those 
most vulnerable are at greater risk: children, the elderly, and minority and low-income 
communities. 

• The agriculture industry is one of the largest industries in the state. Potential impacts from limited 
water storage, increasing temperatures, and salt water in the levees would threaten this industry 
and its economic contribution to the state. Direct threats to the structural integrity of the state’s 
levee system would also have immense implications for the state’s fresh water supply, food 
supply, and overall economic prosperity. 

• Erosion of our coastlines and sea water intrusion into the state’s delta and levee systems may 
result from a 4- to 33-inch rise in sea level during the next 100 years. This will further exacerbate 
flooding in vulnerable regions. 

• Pest infestation and increasing temperatures would make the state’s forest resources more 
vulnerable to fires. Forest fires not only adversely affect the state’s economy, they also cause 
increases in pollution damaging public health, visibility, and property. Increasing temperatures 
will boost electricity demand, especially in the hot summer season. By 2020 this would translate 
to a 1 to 3 percent increase in demand resulting in potentially hundreds of millions of extra 
energy expenditures. 

These impacts will affect everyone. However, in many cases the most vulnerable are children, the elderly, 
and the frail who suffer disproportionately when pollution increases and temperatures rise. Low-income 
and minority communities are also at greater risk as limited resources and current disparities in health 
care limit the capacity of residents in these communities to adapt and respond. 
 
The scenario analysis also included an evaluation of adaptation measures that could be taken to respond to 
the adverse consequences of climate change. This evaluation is not complete, but at this point the 
adaptation measures identified include the following: 

• Study and use modern probabilistic weather and hydrological forecasts for the management of 
water reservoirs and other resources in the state. 

• Develop and implement heat emergency action plans with special emphasis in providing 
assistance to the elderly and those living in housing without air conditioning units. 

• Adopt short-term actions to improve our ability to live within California’s fire-prone landscapes, 
while maintaining the functioning and structure of ecosystems upon which we depend. 



• Mitigate the impact of high temperatures on electricity demand with energy efficiency programs, 
increased penetration of photovoltaic systems and other forms of renewable energy, and the 
implementation of measures designed to reduce the urban heat island effect. 

 
Cap And Trade Options For California  
“Cap and trade” is a market-based program that can be integral to California’s strategy for reducing 
climate change emissions. The program sets an emissions cap that can be ratcheted down over time. The 
ability to trade emissions among sources enables emission reductions to be achieved at the least possible 
cost. 
 
To maximize its effectiveness, a cap and trade program in California should encompass as many sources 
as possible and should certainly reach beyond just the electricity sector. However, the breadth of coverage 
must be tempered by administrative realities and source-specific considerations. Two alternatives for 
defining the scope of California’s cap and trade program are a sector-based emissions cap and a fuels-
based carbon cap. 
 
A sector-based emissions cap would cover up to 30 percent of the state’s climate change emissions by 
focusing on five key industries: electric power (including emissions from imported electricity); oil 
refining; oil and gas extraction; landfills; and cement production. Mobile sources, the largest source of 
climate change emissions in the state, are not recommended for inclusion under a sector-based emissions 
cap at this time. 
 
As an alternative to a sector-based cap, climate change emissions can be reduced by capping the total 
carbon content of oil, gas, and coal consumed in the state. This approach encompasses all sectors that use 
fossil fuels, including those indicated in the paragraph above, covering 75 percent of the state’s climate 
change emissions. All options for reducing fossil fuel combustion across all sectors can contribute to 
achieving the carbon cap. Additionally, all sectors are put on an equal footing as it relates to their use of 
fossil fuels. 
 
A hybrid approach can be considered, for example, in which emissions from the electric power industry 
(including imported power) is capped and the carbon content of fuels is capped. Emission offsets can be 
used to motivate emission reductions from sources outside the cap. Emission offsets help lower the cost 
of reducing emissions: facilities covered by the cap can purchase low-cost emission reductions from 
outside the cap as a means of complying with their emission limit. To ensure that offsets do not 
compromise the emission reduction goal of the program, they must be real, verifiable, quantifiable, in 
excess to any regulatory requirement, and not counted toward any other climate change emission 
reduction targets. 
 
The primary weakness associated with implementing a cap and trade program in California is that it will 
be vulnerable to emission “leakage.” If the state implements the program without other states, there will 
be an incentive for production to shift to neighboring states to avoid the cap. If this occurs, emissions may 
decline in the state, only to increase in neighboring states. 
 
A coordinated national approach to capping climate change emissions within an international framework 
would be the best approach for addressing this leakage problem. In the absence of national action, or even 
regional action, the leakage issues may be partially addressed through the design of the program. As part 
of the implementation of a cap and trade program, data should be collected over time to assess the extent 
to which leakage occurs as well as its impacts on businesses and on the effectiveness of the emissions 
cap. 
 
 



Economic Impacts 
Preliminary economic analyses are underway for inclusion in the report to the Governor and Legislature. 
 
Impacts On Low Income And Minority Communities 
CalEPA has made the achievement of environmental justice (EJ) an integral part of its activities. Cal/EPA 
adopted its intra-agency EJ Strategy in August 2004 and its EJ Action Plan in October 2004. These 
policies establish a framework for incorporating environmental justice into the CalEPA's programs 
consistent with the directives of State law. 
 
As the Climate Action Team developed this report to the Governor and the Legislature, agency staff 
worked with community leaders involved with environmental justice as well as with environmental and 
public health organizations to maintain an ongoing dialogue and thus successfully implement CalEPA's 
environmental justice policies. 
 
The Climate Action Team has undertaken an evaluation to investigate if low income and minority 
communities (communities) may be impacted disproportionately by climate change, efforts to adapt to 
climate change, and/or efforts to reduce climate change emissions. Each agency represented on the 
Climate Action Team has agreed to incorporate environmental justice considerations into their efforts to 
support the directives of the Executive Order. To the extent possible, environmental justice considerations 
are included in the agencies’ work plans to implement strategies that reduce climate change emissions. 
Where appropriate, the work plans also emphasize the scenario analysis effort and the evaluation of cap 
and trade options. 
 
Summary And Climate Action Team Recommendations  
 
This report lays out a path forward to ensure that California’s climate change emission reduction targets 
are met. Following the signing of Executive Order S- 3-05, the Secretary of Cal/EPA created a Climate 
Action Team. The CAT has accomplished three main objectives: completion of a list of recommended 
strategies to reduce climate change emissions in the state; completion of a significant first step in what 
will be an ongoing scenario analysis that provides insight into the impacts of climate change on the state 
and presents adaptation plans; and evaluation of options for a cap and trade program in the state including 
next steps recommendations. 
 
The CAT produced three categories of recommendations. First and foremost, the overarching 
recommendations considered essential by the CAT in meeting the statewide climate change emission 
reduction targets. The general recommendations listed in Section 10.2 are second tier recommendations 
that consist primarily of recommended next steps and indications of where further analysis is needed. 
 
Climate Action Team Overarching Recommendations 
 
The four overarching recommendation of the Climate Action Team that require action by the Governor 
and the Legislature are identified here. These recommendations are considered essential to meeting the 
Governor’s targets. They are, as a package, intended to encourage investment in technological solutions 
to emissions reductions, thereby creating jobs and encouraging economic growth. 
 
The Governor and Legislature should direct Cal/EPA, in cooperation with the Climate Action Team, to 
pursue the necessary steps to implement a mandatory reporting requirement, starting with the largest 
emission sources. As a basic requirement for tracking and accounting of emissions and emission 
reductions, it is essential that the State have an implementation inventory that builds upon California’s 
Climate Action Registry and allows this State to track progress towards meeting the Governor’s targets. 
 



Currently, the State has a planning inventory that has been developed by the Energy Commission and a 
voluntary registry, the California Climate Action Registry. Although both are valuable, neither of these 
provide the essential information needed to track emissions from the largest sources. 
 
The CAT recommends mandatory reporting starting with the largest stationary sources: the electric power 
sector, oil refining and oil and gas extraction, landfills, and cement production. Once reliable detailed data 
from these sources of emissions is available, the Governor’s targets can be translated into a statewide 
emission cap for the 2010 and 2020 timeframes (and lay the foundation for a cap and trade program). 
 
The Governor and the Legislature should take steps to implement a public goods charge on petroleum. 
The revenue generated from this public goods charge would provide funding for key strategies that will 
reduce climate change emissions and reduce dependence on petroleum. This dependence is harmful to 
California’s economy and also helps foster undesirable geopolitical, energy, and environmental 
consequences. 
 
Currently, transportation sources are uniquely excluded from public goods charges that apply to all other 
energy sources in the state. Californians use 30 percent less electricity per capita than the average U.S. 
citizen; this is partially due to the public goods charge on electricity. Climate change emissions from the 
electricity sector have decreased over the last 30 years. Californians benefit from building and appliance 
energy efficiency programs funded with the public goods charges on electricity and natural gas, which 
provide a net savings of more than $1,000 per household annually. 
 
The same cannot be said of petroleum use within the state: demand has skyrocketed. The price volatility 
in the petroleum market has harmed California’s economy and is costly to consumers. A public goods 
charge on petroleum would be a very effective, fair, and efficient means to mitigate these damaging 
consequences to our environment and our economy. 
 
As in the other energy sectors, the proceeds would be reinvested to encourage fuel diversity, particularly 
to encourage the use of biofuels, in the transportation sector and provide incentive funding for reductions 
in climate change emissions from other transportation sources. These include ports, heavy-duty trucks, 
and off-road transportation sources such as locomotives. Both economic and environmental benefits to 
consumers would be considered in the allocation of funds. 
 
The Governor and the Legislature should approve a coordinated investment strategy for State funding 
programs. The State would modify funding systems, the public pension system, the Public Interest Energy 
Research fund, and other State investment programs to reflect the commitment and recognition of the 
many benefits of a low-carbon footprint. 
 
The investment strategy would be designed to provide incentives for industry to develop emission 
reduction technologies. These technologies could be used in California and exported. They could be used 
to promote efforts at California universities to explore technological and strategic solutions to reducing 
emissions. 
 
University efforts to train the technicians of the future would also be encouraged. Not only would this be 
reflective of the State’s commitment to reducing climate change emissions, it would also promote 
development of climate change emission reduction technologies and support the growth of California 
businesses. 
 
The Governor and the Legislature should provide early action credit to California businesses. A 
number of California businesses are supportive of the Governor’s targets. These companies have 



registered emissions and reductions with the California Climate Action Registry. The State should ensure 
that companies that have been proactive in reducing climate change emissions are not penalized. 
 
As the State develops climate change emission reduction policies, proactive companies must be 
recognized for their efforts. California businesses have requested the State to take action to support the 
transition to federal and international emission reduction schemes, including a cap and trade program. The 
Northeast states are nearing completion of a cap and trade program, and California’s companies must be 
able to participate in joint actions leading to a national and international cooperative effort. 
 
General Recommendations 
 
General recommendations included in this report are listed below. These recommendations are broken 
down into broad categories according to their relation to the emission reduction strategies, economics 
analysis, climate change emission reduction inventory, or cap and trade options. 
 
Economic Analysis 
The State needs to take the following actions by November 2006: 

• Complete an analysis of the individual strategies presented in Table 5-2 to determine the cost-
effectiveness for each strategy. 

• Develop a revised macroeconomic impact assessment to include updated cost estimates for the 
individual strategies. 

• Determine updated costs associated with the impacts of climate change on public health, water, 
agriculture, coastlines, and forests in California. 

• Determine updated costs associated with adaptation.  
 
Climate Change Emission Inventory  
It is essential that the California Energy Commission continue to refine the planning inventory they 
currently keep.  
 
Cap and Trade  
A cap and trade program should be considered further as an integral part of California’s approach to 
reducing climate change emissions. In the absence of national action, California can lead by example by 
developing a cap and trade program as a model for national action. 
 
Cap and trade program alternatives should be defined in detail and evaluated in terms of impacts on 
emissions; costs of reducing emissions; state competitiveness, businesses, and jobs; impacted 
communities with environmental justice concerns; and administrative and budget requirements. 
Legislative authority required to implement a cap and trade program should be identified. 
 
Scenario Analysis  
California should continue to support research relevant to policy on climate change, including support of 
the research activities of the California Climate Change Center. Some of the areas of research in need of 
attention include the study of ecological impacts, the development of probabilistic climate projections for 
the state, a geographically-detailed analysis of the impacts of sea level rise on the California coast and the 
San Francisco Bay and Delta, the impact of climate change on energy generation and demand and human 
health, and new methods for economic impact analyses. 
 
Climate change may disproportionately impact the most vulnerable groups in our society, including 
children, the elderly and frail, and residents in low-income and minority communications. For this reason, 
future scenario analysis should strive to identify these potential impacts and suggest solutions. 



Given the serious potential consequences of climate change on the State’s resources, California should 
expand its support of climate change research to create the tools, methods, and information that will be 
needed to develop robust coping and adaptation strategies in the state. 
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• Carbon War 
Reports, essays and lectures 
• Review: Oil-based technology and economy - prospects for the future The Danish Board of 

Technology (Teknologirådet) 
• M. King Hubbert on the Nature of Growth 
• Peakoil conference 19-20 October 2004 
• graph showing oil production in lower 48 US states following Hubbert's predictions 
• Trends in Oil Supply and Demand, Potential for Peaking of Conventional Oil Production, and 

Possible Mitigation Options: A Summary Report of the Workshop (2006), National Research Council 
• The End of Oil, essay 1.pdf, very concise peak-oil study by Bob Lloyd, July 2005 
• Peak Oil Theory – “World Running Out of Oil Soon” – Is Faulty; Could Distort Policy & Energy 
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• Goodstein, David (2005). Out of Gas: The End of the Age Of Oil. W. W. Norton. ISBN 0-393-05857-
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• Richard Heinberg,  
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Society Publishers. ISBN 0-86571-482-7.  
o Heinberg, Richard (2004). Power Down: Options and Actions for a Post-Carbon World. New 
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Online videos 
• Informative and brief (12 minute) Australian video about the problem 
• Peak Oil: brief overview slide show by Powerswitch.org.uk 
• Peak OIl? ABC (Australian Broadcasting Corporation) -- excellent, balanced presentation. It includes 

interviews with Colin Campbell, Robert Hirsch, Chris Skrebowski, and others. 
• Arithmetic, Population and Energy. Dr. Albert Bartlett (Both video and MP3 available. A transcript is 

also available) 
• A post-oil man. A humorous (?) look at preparing for peak oil. 
• Roscoe Bartlett explains peak oil in US Congress 
 
DVDs 
• What a Way to Go: Life at the End of an Empire (2007) 
• Oil Crash (2006) 
• Oil, Smoke & Mirrors (2006) 
• Peak Oil: Imposed by Nature (2005) 
• The End of Suburbia: Oil Depletion and the Collapse of the American Dream (2004) 
 
Articles 
• John V. Mitchell (Associate Fellow Chatham House, London): A New Era for Oil Prices; 32 Pages, 

August 2006 
• The Future of Oil from Foreign Policy 
• The End of Cheap Oil — Colin Campbell & Jean Laherrère, Scientific American 
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• International Energy Agency press release 
• The End of Oil? — Mark Williams, MIT Technology Review 
• The End of Cheap Oil — Tim Appenzeller, National Geographic 
• The New Pessimism about Petroleum Resources — Michael C. Lynch 
• Peak Lite — Robert Rapier 
• Oil shale back in the picture — Robert E. Snyder 
• Paul Roberts, "Last Stop Gas", Harper's Magazine, August 2004, pp. 71-72 
• 'Sweden aims to be world's first oil-free nation by 2020' - Larry West 
• BBC News: 'Peak oil' enters mainstream debate 
• Between Peak Oil and Climate Change Dan Welch at The Peakist examines the implication of the 

peak oil crisis for climate changes 
• Actions everyone can take to prepare for the possible end of an era - Donna Mosher, Citizens League 

for Environmental Action Now 
• Peak Oil & Aviation 
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• Review: Oil-based technology and economy - prospects for the future The Danish Board of 
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• David Holmgren talks about Peak Oil and Permaculture (July 28, 2004) [archive.org] 
• Trends in Oil Supply and Demand, Potential for Peaking of Conventional Oil Production, and 

Possible Mitigation Options: A Summary Report of the Workshop (2006), National Research Council 
• The End of Oil, essay 1.pdf, very concise peak-oil study by Bob Lloyd, July 2005 
• Peak Oil Theory – “World Running Out of Oil Soon” – Is Faulty; Could Distort Policy & Energy 
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