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DISCLAIMER 

 
This paper was prepared as the result of work by a member of the staff of 
the California Energy Commission. It does not necessarily represent the 
views of the Energy Commission, its employees, or the State of California. 
The Energy Commission, the State of California, its employees, contractors 
and subcontractors make no warrant, express or implied, and assume no 
legal liability for the information in this paper; nor does any party represent 
that the uses of this information will not infringe upon privately owned 
rights. This paper has not been approved or disapproved by the California 
Energy Commission nor has the California Energy Commission passed 
upon the accuracy or adequacy of the information in this paper. 
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The Regional GHG Initiative (RGGI) is another example of state government 
leadership in addressing global climate change. This initiative was launched in April 
2003 by the Northeastern and Mid-Atlantic States under the leadership of Governor 
Pataki of New York. These nine states as a region represent 14 percent of U.S. 
GHG emissions and 3.4 percent of global emissions. Some of these same states 
have since announced state GHG reduction goals. 
 
The goal of RGGI is to design a regional “cap and trade” program, which initially 
focuses on CO2 emissions from power plants. A model rule is being proposed for 
release in April 2005, for the nine participating states to use.  
 
The Energy Commission has formed partnerships with other states and countries 
who are addressing climate change. The Energy Commission has supported the 
work of the Center for Clean Air Policy (CCAP), a not-for-profit organization 
established in 1988 to promote innovative solutions to energy and environmental 
problems. Through its membership in CCAP, the Energy Commission has received 
the benefit of climate change work in other regions of the country, partnering with 
several states in the Northeast and with the European Union.   
 
The Energy Commission is a charter member of the Climate Change Group, an 
international organization with the mission of activating new momentum in the worlds 
of politics, trade and finance. The Climate Group is assembling a growing, global 
circle of greenhouse gas reducers and supporters and pooling this group’s 
experience of cost-effective and profitable reduction strategies. 
 

State-Sponsored Scientific Research 
While several state agencies support climate change research at some level, ARB 
and the Energy Commission are the most active.   
 
ARB is funding studies to characterize black carbon (i.e., soot) and other carbon 
releases, investigating emission levels from cars and trucks, improving emission 
inventory methods for both CO2 and non-CO2 gases, and evaluating the potential 
public health effects of climate change.  ARB is also sponsoring research to 
determine the climate change benefits of air pollution control activities. 
 
The Energy Commission has developed a long-term strategic research plan, which 
funds scientific studies that complement national and international research efforts.  
Core research is taking place at Scripps Institution of Oceanography and the 
University of California, San Diego and Berkeley. 
 
Key research areas address the economic impacts from climate change, impact and 
adaptation analyses, regional climate modeling, and the potential for geologic and 
terrestrial carbon sequestration measures and techniques.   
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Climate Change Advisory Committee 
 
The Energy Commission established a Climate Change Advisory Committee in July 
2004 in response to state legislation [SB 1771 (Sher), Chapter 1018, Statutes of 
2000]. This Advisory Committee is charged with advising the Energy Commission on 
“the most equitable and efficient ways to implement national and international 
climate change requirements.”58  
 
The Energy Commission has requested the Advisory Committee to provide input on 
the following key policy questions:   

• What strategies beyond existing state policies and programs should California 
pursue to address global climate change? 

• What criteria should be applied to develop and select recommended policy 
options? 

• What options warrant further evaluation by the staff and its consultants? 
• What business opportunities exist for California companies to become 

corporate leaders on climate change, while achieving operational efficiencies 
and cost savings? 

The Committee has met quarterly since July 2004 to examine a comprehensive set 
of strategies for addressing climate change at the state, regional and national levels. 
Its membership represents key sectors of the California economy that will be 
affected by climate change. 
 
Options for Addressing Climate Change 
 
The Energy Commission has begun to identify the most promising options for 
reducing GHG by first identifying those end-use sectors with the greatest potential 
for reductions. For this analysis, the Energy Commission is using the most recent 
update of the state’s GHG inventory as a starting point to determine where the 
greatest opportunities to reduce emissions exist at the lowest cost. 
 
Next, the Energy Commission will apply selection criteria to examine the relative 
merit of the proposed options; including technical feasibility, cost-effectiveness, 
political acceptability, practicality, cost or ease of implementation, timing, and the 
potential GHG reduction benefits. The Energy Commission will also consider the 
effect on international or interstate competitiveness of options employed in 
California. 
 
A preliminary list of strategies, organized by end-use sectors, is described below. 
The Energy Commission is relying on research and analysis by the Center for Clean 
Air Policy (CCAP), the Tellus Institute, and other consultants funded through the 
Public Interest Energy Research (PIER) program to evaluate and rank these 
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potential strategies. The first phase of this analysis will be available by mid-July 
2005. 
 

Transportation Sector Options 
The transportation sector produces a significant portion of the GHG emissions in 
California. The untapped potential for reducing emissions is large; however, with the 
exception of the state’s proposed motor vehicle emission standards, appropriate 
policy instruments do not yet exist. In 2002, transportation sources represented 
approximately 42 percent of California’s GHG emissions, with the largest fraction 
from motor gasoline burned in light duty vehicles.  
 
In an August, 2003 Joint Report to the California Legislature, the Energy 
Commission and ARB concluded that use of alternative fuels, where cost effective, 
should be increased as an alternative to conventional petroleum fuels. The two 
agencies further concluded that blending ethanol in gasoline, using Fischer-Tropsch 
diesel in existing diesel engines, and using propane and liquefied and compressed 
natural gas in heavy-duty vehicles appeared to be cost-effective options for reducing 
petroleum use.59   
 
The Joint Report also identified expanding the existing fueling infrastructure as a key 
market barrier to using these fuels. Over the longer term, expanding the use of 
hydrogen in fuel cell vehicles has the benefit of high efficiency, zero tailpipe 
emissions, and reduced climate change impacts. In addition, fuel production from 
bio-fuels, such as ethanol produced from renewable feedstock, has the potential to 
produce climate change benefits.  
 
The Energy Commission is examining a number of options for reducing GHG 
emissions from the combustion of gasoline, diesel and jet fuel in cars, trucks, 
airplanes, and freight vehicles. Among the options under evaluation are: 
• Reducing freight-sector emissions in California’s ports, rail, and heavy-duty 

trucks. 
• Using alternative fuels in niche markets, including public and private fleets. 
• Reducing vehicle miles traveled. 
• Encouraging vehicle efficiency through incentives and fees. 
• Using bio-fuels, such as bio-diesel, or increasing the use of ethanol in gasoline. 
• Improving the fuel economy of light, medium, and heavy-duty vehicles. 

 
In October 2004, the CCAP presented its preliminary analysis to the Advisory 
Committee on Climate Change that suggested: 
 
• Changes in the movement of freight and goods present significant opportunities 

to reduce GHG emissions; 
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• Truck traffic from over 40,000 diesel trucks operating on the state’s highways is 
expected to triple by 2025, and cause over six percent of total GHG emissions; 

• Use of advanced truck technologies, improvements in port equipment, and 
expanded use of rail could offset expansion at California’s major ports; 

• Use of alternative fuels in heavy-duty trucks and truck stop electrification are 
among the measures that show the greatest promise.60 

 
California is already pursuing a combination of incentives and regulatory measures 
along these lines, such as the ARB truck idling regulations. In addition, the state is 
undertaking activities to stimulate the electrification of truck stops at key ports and 
along the state’s highways. These pilot efforts should be expanded and funding 
should be secured. For example, innovative financing options, such as a port-
emission reduction grant program, would allow California ports to mitigate their 
diesel emissions and provide climate change reduction benefits as well. 
 
Vehicle miles traveled (VMT) in California is growing at a rate of over 1.8 percent per 
year, a rate lower than the national average.61 Limiting the growth in VMT can best 
be achieved at the regional, state, or local level, using a combination of public 
transit, transit-oriented land-use development, in-fill development (i.e., urban 
development in open space to avoid urban sprawl), and urban revitalization.  
 
Reducing VMT has been the purview of metropolitan or regional planning agencies 
in San Diego, Sacramento, Los Angeles, and San Francisco. A review of five 
regional planning documents conducted in 2001 for the Energy Commission 
revealed that low-VMT policies produced a two to 10 percent statewide savings of 
total statewide transportation energy demand from “smart growth” land use planning 
measures at the local level.62 Furthermore, the survey found that consistent methods 
for reporting and monitoring GHG reductions from “smart growth” measures are 
needed to ensure that regional planning priorities and goals are achieved. 
 
The Energy Commission and CCAP are evaluating the impact of policies to reduce 
emissions from aircraft and airport equipment. According to the CCAP, changes in 
the airline industry from the added cost of homeland security concerns and airline 
bankruptcies make it difficult to project airport growth accurately. Nevertheless, the 
Federal Aviation Administration is projecting that aircraft operations in California will 
grow by 54 percent by 2020, and result in growth in air taxi and commuter traffic. 
 
One option to reduce emissions related to air travel is to shift from aircraft use to 
high-speed rail. Another is a regulatory approach, such as capping emissions at 
airports. A preliminary analysis by CCAP concluded that GHG reductions may be 
possible through a combination of measures, including: 
• Air traffic and communication system improvements. 
• Reduced intervals for aircraft maintenance. 
• Reduced aerodynamic deterioration. 
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• Installation of winglets (i.e., small wing extensions) on aircraft. 
• Reduced weight of commercial jets and aircraft. 

 

Industrial Sector Measures 
The industrial sector was the second largest source of GHG emissions in California 
in 2001, contributing 22 percent of the total.63 Nearly 67 percent of direct industrial 
emissions are produced from fossil fuel combustion, with the largest sources of 
industrial emissions from petroleum refining, oil and gas extraction, and 
manufacturing (including the semiconductor and cement industries).   
 
Work is underway by the Energy Commission to analyze options to reduce non-CO2 
GHG emissions; including methane, nitrous oxide, refrigerants, and sulfur 
hexafluoride. For CO2, CCAP is analyzing three primary approaches for addressing 
industrial GHG emissions: 
• Measures to reduce CO2 emissions in petroleum refining. 
• Combined heat and power options associated with power generation that can be 

applied in numerous industries. 
• Measures to reduce CO2 emissions from the cement industry. 

 
In addition, opportunities may exist to reduce GHG emissions from natural gas 
compressor stations and the food and semi-conductor industries.64 
 
The cement industry offers potential reduction benefits through the use of “blended” 
cement and through energy efficiency improvements in manufacturing cement in 
California, although tradeoffs between operating efficiencies and the cost of changes 
in the manufacturing processes need to be taken into account. Further, changes in 
cement performance standards over the last 20 years tend to favor “blended” 
cement.65  
 
Petroleum refining is the largest industrial consumer of energy in California, ranking 
first in electricity consumption and second in natural gas consumption. While public 
data on total energy consumption in California’s refining industry are not readily 
available or precise, some estimates have been made from available information 
which approach 500 trillion British Thermal Units (BtU).66 Sufficient data exist on 
petroleum refining in California to permit only rough estimates of the potential for 
CO2 emissions reduction.67 
 
Refineries are highly complex and integrated industrial processes, and include 
hydrogen production, crude oil distillation, and hydro treating. These processes are 
energy intensive and produce both direct and indirect GHG emissions. As a result, 
measures to reduce CO2 emissions from these integrated processes cannot be 
simply added together.68 Data are needed to characterize the types of processes 
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used in refineries, the estimated energy consumption of these processes, and the 
costs of options for reducing energy consumption and resulting CO2 emissions. 
 
Finally, the use of combined heat and power (CHP) from a single combustion source 
promises to be an effective strategy to reduce GHG emissions. Installing CHP 
processes at facilities that purchase electricity from the grid and use significant 
amounts of heat or process steam is expected to produce net cost savings. To make 
this successful, though, new policy instruments will need to be devised to provide 
incentives to encourage CHP in existing industrial processes in California.  
 

Power Sector Options 
As discussed above, in-state combustion of fossil fuels in power generation 
exceeded 11 percent of total GHG emissions in California in 2001. While this 
percentage is small relative to other states, out-of-state power, especially coal 
imports, increases this percentage to nearly 21 percent.  
 
CCAP is exploring several measures to address power sector GHG emissions, 
drawing from experience with the Northeastern States and the European Union, 
including:  
• Regional or statewide emissions caps. 
• Emissions portfolio standards. 
• Offset requirements. 
• Cap on electricity production from load serving entities. 

 
Beyond existing state policies, the CCAP analysis will consider establishing a 
regional cap on electricity-related emissions, adding the effect of near-term 
measures, such as more aggressive energy efficiency programs and an expansion 
of the RPS. Using scenarios, the analysis will also consider the effect of a statewide 
cap on GHG emissions from electricity production. 69  
 
Other variations in setting statewide and regional caps on GHG emissions will 
involve modeling the effects of such caps on a variety of industry sectors, including 
the semiconductor, cement, and refining industries, each of which has their own 
process heat, steam, and power requirements.70 
 
In addition, some members of the Advisory Committee have recommended including 
options involving advanced power generation technologies, such as use of 
Integrated Gasification Combined Cycle technology. 
 

Agriculture and Forestry Sector Measures 
Opportunities for reducing GHG emissions in agriculture and forestry exist in manure 
management and expanding agricultural and forestry carbon sinks. Using Energy 
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Commission data and preliminary analysis by CCAP, the Energy Commission 
estimates that methane emissions in California were 6.3 percent of GHG emissions 
attributable to California.71 The largest sources of methane emissions include: 
• Landfills. 
• Enteric fermentation (i.e., methane produced from livestock feeding). 
• Manure management. 
• Petroleum and natural gas supply systems. 
• Wastewater plants. 

 
Of these sources, methane emissions from manure management is the fastest 
growing source, with a growth rate of over five percent a year.72 Reducing methane 
from liquid livestock waste through use of biogas recovery appears to be a cost-
effective option. The Energy Commission and the CCAP are exploring several 
implementation strategies, including economic incentives and sector-specific 
emission caps, to achieve the potential reductions.  
 
California’s forestry and agricultural sectors also provide a net sink for carbon in the 
state. In 2001, land use changes and forestry sinks offset four percent of the state’s 
GHG emissions in that year, including power imports.73 Recent data indicate that the 
quantity of carbon sequestered is declining, however, due to land use changes and 
de-forestation. Specific measures being evaluated include: 
• Improved forest management. 
• Measures to reduce de-forestation in existing forests. 
• Ways to keep forest land in production. 
• Soil erosion management. 
• Land conversion and restoration. 
• Low or no-till agriculture. 
• Bio-fuels production. 
• Crop rotation and winter cover. 
• Linking carbon sequestration to a broader multi-sector, emissions trading 

program. 
 

Adaptation Strategies 
Climate change is largely due to the long atmospheric lifetime of GHG emissions 
(e.g., 100 years for CO2) and the high thermal inertia of the oceans. As the science 
of climate change demonstrates, our planet is already committed to some level of 
warming. For these reasons, a balanced approach, combining near-term mitigation 
options with longer term adaptation strategies, is the most prudent course of action.   
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Scientific research has identified a number of “no regrets” strategies to reduce any 
adverse effects of changing climate74: 
• Increasing water use efficiency. 
• Preserving vulnerable habitats, wetlands, and areas subject to fires, floods, and 

landslides. 
• Creating nature reserves to accommodate future climate changes, range shifts 

and migrations of plants and animals. 
• Reducing urban heat island impacts. 
• Recharging groundwater systems by using pavements that are permeable to 

allow storm water runoff. 
 
Additional research is being funded through both the Energy Commission’s PIER 
program and other research efforts to identify robust adaptation strategies by: 
• Developing probabilistic climate projections for the state. 
• Creating a dynamic ecological model to develop biodiversity and conservation 

strategies. 
• Demonstrating probabilistic seasonal forecasts to improve the management of 

water reservoirs in the state. 
• Installing climate reference stations to track and detect climatic changes in the 

state. 
• Developing a process-based shoreline model to estimate how our coastal area 

may change in the future with sea level rise. 
• Improving a water system model to investigate potential adaptation measures 

under a wide variety of scenarios. 
 

Recommended Next Steps 
Analysis is underway to quantify the cost effectiveness of the selected policy 
options. Analytical results will be shared with the members of the Energy 
Commission’s Climate Change Advisory Committee and other interested parties. 
The Advisory Committee is scheduled to meet on July 11, 2005, and an Energy 
Commission workshop on climate change is scheduled for July 12, 2005, to solicit 
public input on specific options proposed for the transportation, power, agriculture 
and forestry, and industrial sectors.  
 
Researchers from the University of California Berkeley have developed a 
macroeconomic model to estimate, in an integrated fashion, the overall economic 
impacts of efforts designed to reduce GHG emissions in the state. This work will be 
available in mid-2005. 
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The Energy Commission is updating the state’s inventory of GHG emissions to 
reflect data available for the year 2002. This paper has drawn on the updated data, 
and a staff paper documenting this update will be available in June 2005. 
 
Finally, the Energy Commission is seeking input from the Advisory Committee on 
key policy questions and policy recommendations from the Climate Change Advisory 
Committee, which will be incorporated into the 2005 Integrated Energy Plan Report. 
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