
Appendix A 
 

DRAFT 
Review of Studies that Estimated the Costs of CO2 E mission Reductions  

 
Introduction 
This Appendix presents a compilation of CO2 abatement cost data to supplement the white paper 
titled “Cost-effectiveness Under the Global Warming Solutions Act A Brief Discussion of Potential 
Options”.  The white paper addresses the requirements of AB32 regarding cost-effectiveness of 
proposed CO2 regulations and four options for cost-effectiveness consideration, including the 
Cost of a Bundle of Strategies approach to evaluate and determine the cost-effectiveness of a 
regulation. The Cost of a Bundle of Strategies approach uses the range of cost-effectiveness of a 
number of strategies as background for establishing the reasonableness of a proposed 
regulation’s cost-effectiveness.  The highest cost-effective strategy and the least cost-effective 
strategy form the range representing the bundle.  These cost-effectiveness estimates are 
indicators for the reasonableness of the range rather than necessarily the range itself.  A 
proposed ARB regulation falling within this range would be considered meeting the AB32 cost-
effectiveness requirement.  
 
The purpose of this document is to compile studies that estimated the cost and cost-effectiveness 
of CO2 abatement strategies (dollar per ton of greenhouse gas emission reduction. The cost 
estimates in these studies may not be applicable to California.  The thought is that the studies 
demonstrate cost ranges that could define a Cost of a Bundle of Strategies Approach (see the 
white paper). The studies present cost data for the following geographic areas: States, North 
America, and Worldwide.  Industry cost data are also presented for specific industries. 
 
An example of a study that developed a range of abatement costs is the State of California’s 
Climate Action Team (CAT).  The lowest and highest dollar per ton cost estimate presented in 
CAT report can be thought of as indicators for the reasonableness of the range for the Cost of a 
Bundle of Strategies Approach.  Members of the CAT used a consistent estimation methodology 
to calculate the costs of proposed CO2 abatement strategies and the dollar per ton costs can be 
compared. 
 
The other studies in this appendix present good indicators of the costs associated with CO2 

control strategies for geographic areas and specific industries.  The cost data, however, may not 
be useful for direct comparison or to establish a lower or upper range as the studies used 
different methodologies and approaches.  The studies also vary widely with respect to system 
boundaries, baseline, time period, subsectors included, completeness of mitigation measures 
included, and economic factors (e.g., costs and discount rates). 
 
Appendix B, presents additional cost studies that were reviewed, but not included in the summary 
tables in the memorandum.  These studies were out of date, not representative of California, or 
too broad in scope. 
 
 
California, Arizona and New Mexico 
 
Exhibit 1 presents summary information for the following five studies and includes a review of 
costs for CO2 abatement strategies in the states of California, Arizona, and New Mexico. 
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       Exhibit 1: Cost-effectiveness Range for Cali fornia, Arizona & New Mexico 
State Cost-effectiveness Range  

$/ton CO2e 
Tons Reduced 
MMT CO2e/yr 

California (CAT)1 - 528 to 615 138.5  (2020)  
California Non-CO22  -50 to 52 31 

(2020) 
Cement3 (California) -20 to 37 (Cumulative 2005 – 2025)  

47 
Arizona4 - 90 to 65 69.4 

(2020) 
New Mexico5 - 120 to 105 35.4 

(2020) 
Source: 1.  Climate Action Team Updated Macroeconomic Analysis of Climate Strategies, Presented in the   

March 2006 Climate Action Team Report, October 2007. 
2. California Energy Commission, Emission Reduction Opportunities for Non-CO2 Greenhouse Gases 

in California, July 2005, ICF. 
 3.  Center for Clean Air Policy, Reducing CO2 Emissions from California’s Cement Sector, October 14,  
        2005. 
4. Arizona Climate Change Advisory Group, Climate Change Action Plan, August 2006. 

 5. New Mexico Climate Change Advisory Group, Final Report, December 2006. 

 
 
1. California Climate Action Team  1 
 
In recognition of the risks associated with climate change, on June 1, 2005, Governor 
Schwarzenegger signed Executive Order S-3-05. This Executive Order established Statewide 
climate change emission reduction targets: 
 
• By 2010, reduce emissions to 2000 levels; 
• By 2020, reduce emissions to 1990 levels; 
• by 2050, reduce emissions to 80 percent below 1990 levels. 
 
The Executive Order placed Cal/EPA as the lead coordinating State agency. The Secretary of 
Cal/EPA created a multi-agency team, the Climate Action Team (CAT), to meet the directives in 
the Executive Order. 
 
The Executive Order also directed the Secretary for Environmental Protection 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 was coordinated with other key agencies to ensure the targets are 
met.  The Climate Action Team developed a list of emission reduction strategies that could meet 
the Governor’s targets. 
 
The CAT proposed about 40 GHG reduction strategies developed by ARB and several other state 
agencies.  The costs associated with the implementation of these strategies were first estimated 
in 2005, and subsequently updated in 2007 using a consistent estimation methodology. The CAT 
abatement strategies and dollar per ton cost are shown in Exhibit 2. The latest estimates of the 
strategies’ cost per ton ranges from a negative $528 (i.e., savings) to $615 per ton of CO2eq.  
The strategies include many energy efficiency, forestry, renewable energy sources, refrigeration, 

                                                 
1 Climate Action Team Updated Macroeconomic Analysis of Climate Strategies, Presented in the   
March 2006 Climate Action Team Report, September 2007. 
http://www.climatechange.ca.gov/events/2007-09-14_workshop/final_report/2007-10-
15_MACROECONOMIC_ANALYSIS.PDF 
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vehicular, and land use measures.  The total GHG reduction from the strategies is about 138 
MMTCO2 eq. 
 
Exhibit 2: Net Cost Estimates for 2020 for the Upda ted Climate Strategies Included in the 
2006 CAT Report (2006 $) 
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Exhibit 2 (con’t): Net Cost Estimates for 2020 for the Updated Climate Strategies Included 
in the 2006 CAT Report 

 
 
 
2. California Energy Commission 
Emission Reduction Opportunities For Non-CO 2 Greenhouse Gases in California 2 
 
Two other California specific GHG control costs studies were located.  The CEC study, presented 
in this section, was funded in 2005 and was conducted by ICF.  Control costs were constructed 
for non-CO2 GHG. The Center for Clean Air Policy developed CO2 abatement strategies and cost 
estimates for the California cement industry.  This work is presented in section 3. 
 
The results of the CEC study showed that a number of cost-effective mitigation options have the 
potential to reduce non-CO2 greenhouse gas emissions in California.  Non-CO2 gases included in 
the study were methane (CH4), hydrofluorcarbon (HFC), perfluorcarbon (PFC), and 

                                                 
2Emission Reduction Opportunities for Non-CO 2Greenhouse Gases in California, California 
Energy Commission, July 2005. Prepared by ICF. 
http://www.energy.ca.gov/2005publications/CEC-500-2005-121/CEC-500-2005-121.PDF 
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sulfurhexafluoride (SF6). Overall, this study analyzed 59 mitigation options in seven source 
categories including: Petroleum Systems, Natural Gas Systems, Landfills, Manure Management, 
Electric Power Systems, Semiconductor Manufacture, and Refrigeration/Air Conditioning.   
 
The results are presented for two scenarios that use alternative discount and tax rate 
assumptions: Scenario A uses a 4 percent discount rate and a 0 percent tax rate, while Scenario 
B uses a 20 percent discount rate and a 40 percent tax rate. The parameters of Scenario A were 
chosen to approximate the costs from a societal perspective, and Scenario B was designed to 
reflect private costs.  
 
Results for 2010 and 2020 are discussed for Scenario B, as these Scenario B assumptions were 
thought to be more representative of business costs.  Overall, costs were lower for Scenario A, as 
would be expected with lower discount and tax rates. 
 
The results, presented in Exhibit 3, show the cumulative tons that can be reduced at the break-
even price for specified cumulative tons of CO2 eq. reduced.  The term break-even price refers to 
the price at which an entity (e.g., plant, manufacturer, utility) can be expected to be financially 
indifferent as to whether to institute an option. For example, at a break-even price of zero, an 
entity can install a retrofit or institute an alternative gas for an amount exactly equal to the energy 
or other savings that would be realized; the break-even price of zero is therefore considered to 
represent the reductions that can be achieved with no net cost. At negative breakeven prices, 
entities are expected to experience net savings while reducing emissions simultaneously. For 
these reasons, the emission reductions achievable at break-even prices equal to or less than 
zero are of particular interest. At positive break-even prices, on the other hand, an option might 
only be considered worthwhile if some external value were “attached” to the emission reduction. 
This value might be in the form of tax relief, rebates, emission reduction credits, or other 
government-offered incentives. 
 
Exhibit 3 presents achievable reductions and marginal abatement costs for the years 2010 
and 2020 for a discount rate of 20 percent and a tax rate of 40 percent. 
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Exhibit 3: Control Costs for Non-CO2 Emissions in C alifornia (DR =20%, TR =40%) 

 
 
For Scenario B, net cost savings were identified for natural gas systems, landfills, manure 
management, and refrigeration/AC. In total, these options represent 1.7 MMTCO2 eq. of potential 
reductions in 2010, and 2.1 MMTCO2 Eq. in 2020. Options for reducing emissions from landfills 
account for the majority (70 percent and 60 percent, respectively) of these reductions. For a 
break-even price of less than $20/MTCO2 Eq., an additional 10.8 MMTCO2 Eq. can be reduced 
in 2010, and 13.9 MMTCO2 Eq. in 2020. In total, by implementing all options with a break-even 
price of less than $20/MTCO2 Eq., 12.4 MMTCO2 Eq. can be reduced in 2010, and 16.0 
MMTCO2 Eq. in 2020. At $50/MTCO2 Eq., nearly all of the options included in this analysis can 
be implemented. At this level, cumulative reductions of 18.6 MMTCO2 Eq. in 2010 and 28.9 
MMTCO2 Eq. in 2020 are estimated. (Note: Total non-CO2 GHG emissions in California were 
approximately 135 MMTCO2E in 2004.) 
 
It is useful to identify points on the cost curve before a drastic increase in break-even price. 
Recognition of these points can help policymakers decide which suite of options can be 
implemented with a relatively low net cost per reduction. In 2010, 10.9 MMTCO2 Eq. can be 
reduced by implementing all options below $11.48/MTCO2 Eq., at which point, the curve turns 
steeply upward. In 2020, 15.0 MMTCO2 Eq. can be reduced by implementing options below 
$14.09/MTCO2 Eq. A similar point exists at $39.05/MTCO2 Eq. At break-even prices slightly 
below these levels, a significant amount of potential reductions are lost for very little decrease in 
cost. At break-even prices somewhat above these levels, relatively small amounts of additional 
reductions can be achieved. 
 
 3.  Center for Clean Air Policy 
Reducing CO 2 Emissions from California’s Cement Sector 3 
 
According to the ARB’s GHG inventory, CO2 emissions from California cement production was 
6.04 MMT CO2 Eq. in 2004. The Center for Clean Air Policy reviewed CO2 abatement strategies 
                                                 
3 Reducing CO2 Emissions from California’s Cement Sector, Center for Clean Air Policy, October 
14, 2005.  http://www.ccap.org/domestic/State/cement.pdf 
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that could be adopted by the California cement industry.  The center also estimated emission 
reduction and abatement costs for these CO2 control strategies. Exhibit 4 presents the control 
cost and emission reductions. 
 
Exhibit 4:  Abatement-Cost Curve for Cumulative Dir ect CO 2 Emissions from California’s 
Cement Sector during 2005–2025 

 
 
Method  
Information was collected on the benefits, costs, and technical potentials of energy-efficiency 
(EE) and other measures to reduce energy consumption and CO2 emissions in clinker and 
cement production. Data on these measures were largely taken from various publicly available 
reports by Lawrence Berkeley National Laboratory (LBNL). Because these reports did not contain 
California specific data, some of their data were altered when appropriate to better comport with 
conditions in California’s cement sector (e.g., its higher-than-average energy efficiency). In the 
case of California-specific technical potentials, data from a recent draft report by LBNL for the 
Energy Commission, as well as from industry representatives, were used in the analysis. 
Because benefits of the measures were given in energy per unit of clinker or cement, they were 
translated into monetary benefits via projected future energy prices from AEO 2005. Also, to the 
extent that a measure displaced some amount of clinker production (e.g., blended cement), the 
measure received fuel, electricity, limestone, and cost credits for the clinker displacement. Finally, 
for some of the largest capital-intensive measures, additional down time beyond scheduled 
maintenance was assumed to occur in 2005; this resulted in additional costs from lost production, 
as well as reduced energy consumption and CO2 emissions, in 2005. All prices and costs were 
denominated in constant 2003 dollars, whether as originally cited in source documents (e.g., AEO 
2005) or subsequently adjusted by CCAP. 
 
Potential cumulative reductions in energy consumption and CO2 emissions from measure 
implementation and their cumulative net costs were computed from the above baselines and 
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measures data. To set a likely upper limit on potential emissions reductions, all measures, except 
maintenance items and limestone Portland cement, were implemented at their technical 
potentials in 2005 for reductions during 2006–2025; the exceptions were implemented during 
2006–2025 for same-year reductions. A measure’s cumulative net cost was calculated by 
discounting its 2005–2025 stream of projected annual total costs back to 2005 at an annual rate 
of 7%. To assess the effect of discount rate, rates of 4% and 20% were also used. Cumulative 
net costs could be positive (cost), zero, or negative (savings), and could vary with discount rate. 
 
Abatement-cost curves for cumulative direct CO2 emission reduction were constructed from the 
above potential cumulative CO2-emissions reductions and net costs of the measures considered. 
These curves indicate the quantity of cumulative CO2 emissions avoided by each measure 
relative to the baseline at its average unit (abatement) cost. A measure’s average unit cost was 
calculated by dividing its cumulative net cost by its cumulative CO2-emissions reduction. Relative 
to the 7% discount rate, the 4% rate tended to increase the magnitude of average unit cost 
whereas the 20% rate tended to decrease it. 
 
Results 
Sector measures for reducing energy consumption and CO2 emissions during the period could 
achieve cumulative direct reductions of up to 47 MMTCO2 by 2025 relative to the baseline 
(Exhibit 4). The corresponding average annual reduction during the period would be up to 2.2 
MMTCO2. Of this cumulative (annual) amount, 38 (or 1.8 per year), 36 (or 1.7 per year), and 20 
(or 1.0 per year) MMTCO2 would cost ≤ $10/MT, ≤ $5/MT, and ≤ $0/MT, respectively (7% 
discount rate; Exhibit 4, heavy solid line. 
 
With regard to future sector-wide emissions, undertaking all measures considered that cost ≤ 
$5/MT would result in 2010 and 2020 emissions of 9.6 and 11.8 MMTCO2, respectively. Similarly, 
undertaking those costing ≤ $10/MT would result in 2010 and 2020 emissions of 9.5 and 11.7 
MMTCO2, respectively. 
 
 
4. Other Western States:  Arizona and New Mexico 
 
The states of Arizona and New Mexico also developed CO2 mitigation strategies and abatement 
costs.  Exhibit 5 summarizes the cost of CO2 abatement strategies for four sectors for Arizona 
and New Mexico.  The cost represents the weighted average cost of reduced CO2 from policy 
options for which quantitative estimates of both costs and savings were prepared.  The four 
sectors were developed by the Advisory Groups of Arizona and New Mexico. 
 
 
           Exhibit 5: New Mexico & Arizona, Cost by  Sector, $/tCO2e (2007 - 2020) 

Sector New Mexico Arizona 
Residential, 

Commercial, Industrial 
-18.0 -30.0 

Energy Supply 7.0 20.57 
Transportation & Land 

Use 
-36.0 -32. 

Agricultural & Forestry -5.0 -0.5 
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Arizona 4 
 
In February 2005, Governor Janet Napolitano signed Executive Order 2005-02 establishing the 
Climate Change Advisory Group (CCAG). Appointed by the Governor, the 35-member CCAG 
comprised a diverse group of stakeholders who brought broad perspective and expertise to the 
topic of climate change in Arizona. The Governor’s Executive Order directed the CCAG, under 
the coordination of the Arizona Department of Environmental Quality (ADEQ), to: 
• Prepare an inventory and forecast of Arizona greenhouse gas (GHG) emissions; and 
• Develop a Climate Change Action Plan with recommendations for reducing GHG emissions 

in Arizona. 
 

The recommendations adopted by the CCAG underwent two levels of screening. First, a potential 
policy option being considered by a technical work group was accepted as a “priority for analysis” 
and developed for full analysis only if it had a supermajority of support from CCAG members (with 
a “supermajority” defined as five or fewer “no” votes or objections). Second, after the analyses 
were conducted, only policy options that received at least majority support from CCAG members 
were adopted as recommendations by the CCAG and included in this report. Of the 49 policy 
recommendations adopted by the CCAG, 45 received unanimous consent, two (2) received a 
supermajority of support, and two (2) received a majority of support. 

The costs for Arizona Strategies range from savings of $90 per ton to a cost of $65 per ton.  
Exhibit 6 presents the cost-effectiveness range for Arizona. Exhibit 7 summarizes the results of 
the 49 policy options by presenting aggregate data for four sectors: agricultural and forestry; 
residential, commercial and industrial; transportation and land use; and energy supply. Specific, 
mitigation strategies (and their associated GHG reduction and costs) for each of the four sectors 
are subsequently presented in Exhibit 8 (agricultural and forestry), Exhibit 9 (Residential, 
Commercial and Industrial), Exhibit 10 (Transportation and Land Use), and Exhibit 11 (Energy 
Supply). 

                                                 
4 Climate Change Action Plan, Arizona Climate Change Advisory Group, August 2006. 
 http://www.azclimatechange.gov/download/O40F9347.pdf 
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Exhibit 6:  Arizona’s Recommended Policy Options, C ost per Ton GHG Removed  

 
 

 
 

Exhibit 7: Arizona GHG Emission Reduction and Cost by Sectors 2020                          
Sector Annual GHG Reduction 

(MMtCO2e) 
(2020) 

Cost or Cost Savings per metric 
ton GHG Removed ($/tCO2e) 

(2007- 2020) 
Agricultural & Forestry 5.9 - 0.5 

Residential, Commercial & 
Industrial 

31.1 -30. 

Transportation & Land Use 14.5 -32. 
Energy Supply 17.9 20.57 

Total 69.4 -12.74 
 
The Agricultural and Forestry Sector 
The Agriculture and Forestry (AF) sector (Exhibit 8) includes emissions and mitigation 
opportunities related to use of biomass energy, protection, and enhancement of forest and 
agricultural carbon sinks, control of agricultural methane emissions, production of renewable 
fuels, and reduction of transport emissions from imported agricultural commodities. The CCAG 
recommends a set of 11 policy options for the AF sector that offer the potential for major GHG 
emissions reductions from the reference projection. As summarized in the Exhibit, these 11 policy 
recommendations could lead to emissions savings from reference case projections of 5.9 
MMtCO2e per year by 2020 and cumulative savings of 51 MMtCO2e from 2007 through 2020.  
The weighted average cost of avoided carbon from the policy options for which quantitative 
estimates of both costs and savings were prepared was -$0.5 per metric ton of CO2 equivalent. 
http://www.azclimatechange.gov/download/O40F9289.pdf 
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Exhibit 8: Summary of Arizona’s Policy Recommendati ons for the Agricultural and 
Forestry Sector 

 

 
 



 

 12 

The Residential, Commercial and Industrial Sector 
The Residential, Commercial and Industrial (RCI) sector (Exhibit 9) includes emissions and 
mitigation opportunities related to electricity use by residential, commercial, and industrial 
consumers, as well as to the on-site combustion of natural gas, oil, and coal, the release of CO2 
and fluorinated gases (HFCs, PFCs) during industrial processes, and the leakage of HFCs from 
refrigeration and related equipment. The CCAG recommends a set of 13 policy options for 
the RCI sector that offer the potential for major GHG emissions reductions from the reference 
projection. As summarized in the Exhibit, these 13 policy recommendations could lead to net 
emissions savings from reference case projections of 31.1 MMtCO2e per year by 2020 and 
cumulative savings of 222 MMtCO2e from 2007 through 2020. The weighted average cost of 
saved carbon from the policy options for which quantitative estimates of both costs and savings 
were prepared was minus $30 per metric ton of CO2 equivalent, meaning that there is a net 
savings to the Arizona economy in implementing these options. 
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Exhibit 9: Summary of Arizona’s Policy Recommendati ons for the Residential, Commercial 
and Industrial Sector 

 
 
The Transportation and Land Use Sector 
The Transportation and Land Use sector (Exhibit 10) includes GHG mitigation opportunities 
related to vehicle technologies, fuel choices, transit options, and demand for transportation 
services. The CCAG recommends a set of 13 policy options for the TLU sector that offer the 
potential for major GHG emissions reductions from the reference projection. As summarized in 
the Exhibit below, these 13 policy recommendations could lead to emissions savings from 
reference case projections of 14.5 MMtCO2e per year by 2020 and cumulative savings of 91 
MMtCO2e from 2007 through 2020. The weighted average cost of saved carbon from the policy 
options for which quantitative estimates of both costs and savings were prepared was minus $32 
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per metric ton of CO2 equivalent, meaning that there is a net savings to the Arizona economy in 
implementing these options.  
 
Exhibit 10: Summary of Arizona’s Policy Recommendat ions for the Transportation and 
Land Use Sector  
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Exhibit 10 (con’t): Summary of Arizona’s Policy Rec ommendations for the Transportation 
and Land Use Sector  

 
                  
 
 
The Energy Supply Sector 
The Energy Supply (ES) sector (Exhibit 11) includes emissions mitigation opportunities related to 
electrical energy supply options, including the generation, transmission, and distribution of 
electricity, whether generated through the combustion of fossil fuels or by renewable energy 
sources, and whether generated in a centralized power station or distributed generation facilities. 
Arizona has little oil and gas production, so the CCAG made no oil and gas recommendations. 
 
Three policies are quantified as ES options that Arizona can implement on its own, including 
ES-1, Environmental Portfolio Standard/Renewable Energy Standard and Tariff; ES-6, Carbon 
Intensity Targets; and ES-12, Integrated Resource Planning. Because the purpose of ES-12 
would largely be accomplished by (i.e., overlap with) the activities that would be undertaken to 
satisfy ES-1 and ES-6, only the results from ES-1 and ES-6 are included in the totals. Further, 
because either ES-1 or ES-6 would exhaust all available wind, biomass, and geothermal 
generation capacity within Arizona, GHG reductions from these resources are included only in 
ES-6 in order to avoid double-counting. 
 

These policy recommendations could lead to emissions savings from reference case projections 
of 17.9 MMtCO2e per year by 2020 and cumulative savings of 120.6 MmtCO2e from 2007 
through 2020. The weighted average cost of saved carbon from the policy options for which 
quantitative estimates of both costs and savings were prepared was $20.57 per metric ton of CO2 
equivalent. 
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Exhibit 11: Summary of Arizona’s Policy Recommendat ions for the Energy Supply Sector 
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Exhibit 11 (con’t): Summary of Arizona’s Policy Rec ommendations for the Energy Supply 
Sector 

 
 
 
New Mexico 5 
 
Governor Bill Richardson signed Executive Order 05-33 in June 2005, establishing the New 
Mexico Climate Change Advisory Group (CCAG). The Governor directed the CCAG to prepare a 
report that includes a projection of the State’s future GHG emissions and policy recommendations 
for reducing New Mexico’s total greenhouse gas emissions to 2000 levels by the year 2012, 10% 
below 2000 levels by 2020 and 75% by 2050. 
 
The New Mexico Environment Department (NMED) organized the process on behalf of the 
Governor. NMED assembled 37 stakeholders, representing a broad range of interests and 

                                                 
5 New Mexico Climate Change Advisory Group, Final Report, December 2006. 
 http://www.nmclimatechange.us/ewebeditpro/items/O117F10150.pdf 
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expertise, and the CCAG met six times from July 2005 to October 2006. During this same period, 
five sector-based technical work groups (TWGs) of the CCAG developed initial recommendations 
in the areas of: Energy Supply (ES); Residential, Commercial, Industrial and Waste Management 
(RCI); Transportation and Land Use (TLU); Agriculture and Forestry (AF); and Cross-Cutting 
Issues (CC). The CCAG developed 69 policy recommendations to the Governor to help meet the 
GHG emissions goals in Executive Order 05-33. 
 
The costs for New Mexico Strategies range from savings of about $120 to costs of about $105 
per ton.  Exhibit 12 presents the cost-effectiveness range for New Mexico.  Exhibit 13 
summarizes the results of the 69 policy options by presenting emission reduction and cost data 
for four sectors: agricultural and forestry; residential, commercial and industrial; transportation 
and land use; and energy supply. Specific, mitigation strategies (and their associated GHG 
reduction and costs) for each of the four sectors are subsequently presented in Exhibit 14. 
 
 
           Exhibit 12:  New Mexico Policy Recommend ations Ranked by Dollars per Ton  

 
  
 

  
  

Exhibit 13: New Mexico GHG Emission Reduction and C ost by Sectors 2020 
Sector Annual GHG Reduction 

(MMtCO2e) 
(2020) 

Cost or Cost Savings per ton GHG 
Removed ($/tCO2e) 

(2007- 2020) 
Agricultural & Forestry 4.9 - 5.0 

Residential, Commercial & 
Industrial 

9.4 -18.0 

Transportation & Land Use 6.8 -36.0 
Energy Supply 14.3 7.0 

Total 35.4  -- 
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Exhibit 14: Summary of New Mexico’s Policy Recommen dations by Sector 

Explanatory Note on “Level of Support” column: UC=Unanimous Consent. Majority=Simple majority. 
Obj’s=number of  objections. Total number of options=69 due to counting both ES-1b and ES-1c. 
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Exhibit 14 (con’t): Summary of New Mexico’s Policy Recommendations by Sector  
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Exhibit 14 (con’t): Summary of New Mexico’s Policy Recommendations by Sector  
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Exhibit 14 (con’t): Summary of New Mexico’s Policy Recommendations by Sector  

 
 
 
 
5. McKinsey & Company  6  
 
McKinsey & Company (http://www.mckinsey.com/) is a management consultant company that 
advises companies, governments, and institutions worldwide.  In December 2007, McKinsey & 
Company released the report, Reducing U.S. Greenhouse Gas Emissions: How Much at What 
Cost? 7  Emission control strategies and their dollar per ton costs were developed for the regions 
of U.S and for the U.S. 

                                                 
6 Designing an Effective GHG Regulatory System for CA – Abatement Opportunities  
Lessons Learned from Europe, McKinsey & Company, presented to ARB staff 2/13/07. 
 
7 Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost? McKinsey & Company,  
December 2007. http://www.mckinsey.com/clientservice/ccsi/pdf/US_ghg_final_report.pdf 
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McKinsey and Company also publish The McKinsey Quarterly. In a recent quarterly publication 
entitled, A Cost Curve for Green House Gas Reduction8, McKinsey presented global CO2 control 
costs for a wide array of abatement measures beyond “business as usual” measured in GtCO2e. 
 
The control strategies and their associated abatement costs will be presented first for the U.S., 
followed by the Western U.S., and then Global. 
 
- United States -  
 
In December 2007, McKinsey & Company released the report, Reducing U.S. Greenhouse Gas 
Emissions: How Much at What Cost?9  
 
The report centered on CO2e abatement strategies that can be undertaken for less than $50/ton. 
 
McKinsey developed three scenarios or levels of national commitment. (A level of commitment is 
like turning up the dial, it increases the intensity of the action) 

• Low-range case 1.3 gigaton/yr of abatement potential (2030) this would represent an 
incremental effort from current business practices  

 
• Mid-range case 3.0 gig/yr of abatement potential. It would take a concerted action across 

the economy (full energy efficiency potential and CCS) 
 

• High-range 4.5 gig/yr of abatement potential.  This represents aggressive measures, 
sense of great urgency, national mobilization. 

 
 A summary of emission control strategies and their costs for the U.S. are presented in this 
section. 
 
From a U.S. perspective, Exhibit 15 presents the cost of control for 42 abatement measures, and 
specifically identifies abatement measurers with marginal costs between $ -93/ tCO2e 
(commercial electronics) to $91/ tCO2e (car hybridization).  The 42 abatement strategies (plus 
others) are estimated to reduce GHG in the U.S. by approximately 3.1 gigatons/year by the year 
2030. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                                                                 
 
8 A Cost Curve for Greenhouse Gas Reduction, The McKinsey Quarterly, Fall 2007. 
 
9 Reducing U.S. Greenhouse Gas Emissions: How Much at What Cost? McKinsey & Company,  December 
2007. http://www.mckinsey.com/clientservice/ccsi/pdf/US_ghg_final_report.pdf 
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Exhibit 15:  

 
 
 
McKinsey also estimated abatement potentials and costs for five sectors in the economy. The 
sectors are presented in order from least to highest cost and represent the mid-range case of 
national (U.S.) commitment. 
 
The Buildings & Appliances sector (Exhibit 16) has the potential to reduce CO2 e emissions by 
.7gigaton/year by 2030.  Strategies range from electronic equipment at $ -93/ton to residential 
water heaters at $-8/ton. 
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Exhibit 16: 

 
 
 
The Transportation sector (Exhibit 17) has the potential to reduce CO2 e emissions by .3 
gigaton/year by 2030.  Strategies range form light duty vehicle fuel economy at $-81/ton to Light-
Duty Plug-in Hybrids at $15/ton. 
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Exhibit 17: 

 
 
The Industrial & Waste sector (Exhibit 18) has the potential to reduce CO2 e by .6 gigaton/year 
by the year 2030. Strategies range from new processes and product innovation (in the heavy 
industries) at $-33/ton to carbon capture and storage at $49/ton. 
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Exhibit 18 : 

 
 
The Terrestrial Carbon Sinks sector (Exhibit 19) has the potential to reduce CO2 e by .5 
gigaton/year. Strategies range from conservation tillage at $ -7/ton to winter cover crops at 
$27/ton. 
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Exhibit 19: 

 
 
The Power Generation sector (Exhibit 20) has the potential to reduce CO2 e by .8 gigatons/year 
by 2030.  Strategies range from conversion efficiency at $-15/ton to carbon capture and storage 
at $44/ton. 
 
Exhibit 20: 
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-Western U.S.- 
 
McKinsey estimated abatement strategies and costs for the western U.S.  The western U.S. 
includes the states of Alaska, California, Oregon, Washington, Idaho, Nevada, Montana, 
Wyoming, Utah, Colorado, Arizona, New Mexico, and Hawaii.  
 
From a western U.S. perspective, Exhibit 21 presents the cost of control for 26 abatement 
measures, and specifically identifies abatement measurers with marginal costs between $-
90/tCO2e (residential electronics) to $50/tCO2e (carbon capture rebuilds for coal power plants).  
The 26 abatement strategies (plus others) are estimated to reduce GHG in the western U.S. by 
approximately 600 megatons/year by the year 2030. 
 
 
Exhibit 21: 

 
 
-Global- 
 
McKinsey and Company also publish The McKinsey Quarterly. In a recent quarterly publication of 
The McKinsey Quarterly, McKinsey and Company10presented global CO2 control costs for a 
wide array of abatement measures beyond “business as usual” measured in GtCO2e.  The global 
control strategies and costs are presented in this section. 
 

                                                 
10 A Cost Curve for Greenhouse Gas Reduction, The McKinsey Quarterly, Fall 2007. 
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Exhibit 22 presents summary (global) information which is presented in more detail in Exhibits 23 
– 26.  Note: Cost data in Exhibits 23 -26 is presented in Euros per ton of CO2 eq. 
 
 Exhibit 22: Cost-effectiveness for Global, All Sec tors, Power, Transport, & Building 2030 

Global Cost-effectiveness Range  
$/ton CO2eq 

Tons Reduced 
GTCO2eq 

Global (All Sectors)1  -225 to 91 26 
Air-conditioning -106 0.5 
Water heating -70 0.4 
Sugarcane biofuel -14 1.0 
Avoided deforestation 49 3.0 
Waste 63 1.0 
Power2 21 to 70 12.5 
Transport2 -144 to 561 0.003 
Building2 -281 to -14 3.75 

       Source: 1.  The McKinsey Quarterly, A Cost Curve for Greenhouse Gas Reduction, Fall 2007. 
           2. McKinsey & Company, Designing an Effective GHG Regulatory System for CA – Abatement 

Opportunities, Lessons Learned from Europe, presented to ARB staff 2/13/0707 
 
 
 

Exhibit 23 presents global cost curve for greenhouse gas abatement measures beyond “business 
as usual”, measured in GtCO2e.  McKinsey developed a cost curve with the 450-parts-per-million 
global scenario (in the midrange of the targets put forward by advocates).  Under this scenario, 
reductions of 26 gigatons a year would need to occur by 2030. Assuming that measurers are 
implemented in order of increasing cost, the marginal cost per ton of emissions avoided would be 
40 euros (1 euro = $1.4076, 9/21/07) or $56.30 tCO2e. 
 
Also, from a global perspective, Exhibit 16 presents the cost of control for 26 abatement 
measures, and specifically identifies abatement measurers with marginal costs between $ -225/ 
tCO2e (building insulation) to $91/ tCO2e (industrial carbon capture and storage). 
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Exhibit 23: Global Cost Curve for Greenhouse Gas Ab atement Measures Beyond                        
“Business as Usual” GHG Measured in GtCO2e 1   

 
 
 
In February 2007, the staff from McKinsey & Company made a presentation to ARB economics’ 
staff.  The presentation covered, in part, the global CO2 abatement costs for three major sectors 
of CO2 emissions: power sector, transportation, and building.  Exhibit 17 presents the abatement 
strategies and global costs for the power sector. Exhibit 18 presents transportation abatement 
strategies and global costs, and Exhibit 19 mitigation strategies for the building sector and global 
cost. 
 
 
Global Power Sector 
 
Exhibit 24 presents abatement measures and their associated control costs for the global power 
sector for 2030.  The cost measures range from about 15 euros (carbon capture and storage-
coal) to 50 euros (biomass, wind power), or $21 to $70/ tCO2e reduced (12.5 Gt CO2 e/year by 
2030 @$70/ tCO2e). 
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Exhibit 24: Marginal Abatement Cost Curve for the G lobal Power Sector 2030 
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Global Transportation Sector 
 
Exhibit 25 presents cost curves for the global transportation sector, 2030. Costs range from -102 
euros (fuel economy) to 399 euros (hybrids LDV gasoline) (-144 to 561dollars) per ton CO2e 
reduced. Note: The Exhibit list the tonnage as MtCO2 e/year. It should be listed as GtCO2 e/year. 
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Exhibit 25: Marginal Abatement Cost Curve for the G lobal Transport Sector 2030 
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Global Building Sector 
 
Exhibit 26 presents cost curves for the global building sector for 2030. Costs range from about    -
200 euros (building insulation) to about -10 euros (residential water heating) (-281 to -14 dollars) 
per ton CO2e reduced.  Abatement cost in the building sector can be realized at low or negative 
cost. 
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Exhibit 26: Marginal Abatement Cost Curve for the G lobal Building Sector 2030 
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6. Intergovernmental Panel on Climate Change, Worki ng Group III, Fourth   
Assessment Report, Industry  11 

 
Industry, is the 7th chapter of the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) and provides an in-depth analysis of the costs and benefits of different 
approaches to mitigating and avoiding climate change. In the first two volumes of  “Climate 
Change 2007” Assessment Report, the IPCC analyzed the physical science basis of climate 
change and the expected consequences for natural and human systems. The third volume of the 
report presents an analysis of costs, policies and technologies that could be used to limit and/or 
prevent emissions of greenhouse gases, along with a range of activities to remove these gases 
from the atmosphere. It recognizes that a portfolio of adaptation and mitigation actions is required 
to reduce the risks of climate change. It also has broadened the assessment to include the 
relationship between sustainable development and climate change mitigation. 
 
The IPCC developed cost of CO2 abatement estimates for selected industries.  Costs are 
presented for Global, Organization for Economic Co-operation and Development (OECD),  
Economies-in-Transition (EIT), and Developing Nations (Dev.Nat.) 
 
Exhibits 27 and 28 present summary information taken from IPCC (Exhibit 29 is taken directly 
from IPCC). 
 
 
 
Exhibit 27: Cost-effectiveness by Product (Global Analysis) CO2 Emissions from 
Processes & Energy Use -2030 

Product Cost Range  $/ton   Tons Reduced 
MTCO2eq/yr 

Steel 20 - 50 420 -1,500 
Primary Aluminum <100 53 - 82 
Cement <50 480 – 2,100 
Ethylene <20 58 
Ammonia <20 110 
Petroleum Refining <20 140 - 300 
Pulp and paper <20 37- 420 

 
 
 
 
 

                                                 
11 Industry, Intergovernmental Panel on Climate Change, Working Group III, Fourth Assessment 
Report, October 2007. 
http://www.mnp.nl/ipcc/pages_media/FAR4docs/final%20pdfs%20of%20chapters%20WGIII/IPCC
%20WGIII_chapter%207_final.pdf 
http://www.mnp.nl/ipcc/pages_media/AR4-chapters.html 
http://www.mnp.nl/ipcc/pages_media/ar4.html 
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Exhibit 28: Cost-effectiveness for Carbon Capture and Storage (Global Analysis) -
2030   

Product Cost Range  $/ton   Tons Reduced 
MTCO2eq/yr 

Ammonia <50 140 – 150  
Petroleum Refining <50 72 - 150 
Cement <100 200 – 350 
Iron and Steel  <50 70 - 180 

 
 
From Chapter 7, page 472: 
http://www.mnp.nl/ipcc/pages_media/FAR4docs/final%20pdfs%20of%20chapters%20WGIII/IPCC
%20WGIII_chapter%207_final.pdf 
 
Exhibit 29 should be interpreted with care. It is based on a limited number of studies – sometimes 
only one study per industry – and implicitly assumes that current trends will continue until 2030. 
Key uncertainties in the projections include: the rate of technology development and diffusion, the 
cost of future technology, future energy and carbon prices, the level of industrial activity in 2030, 
and policy driver, both climate and non-climate. The use of two scenarios, A1B and B2, is an 
attempt to bracket the range of these uncertainties.   The A1 family of scenarios describes a 
future with very rapid economic growth, low population growth and rapid introduction of new and 
more efficient technologies.  B2 describes a world ‘in which emphasis is on local solutions to 
economic, social, and environmental sustainability’. It features moderate population growth, 
intermediate levels of economic development, and less rapid and more diverse technological 
change than the A1B scenario.   
 
Exhibit 29 shows 2030 mitigation potential for the industrial sector at a cost of <100 US$/tCO2-eq 
(<370 US$/tC-eq) of 3.0 to 6.3 GtCO2-eq/yr (0.8 to 1.7 GtC-eq/yr) under the A1B scenario*, and 
2.0 to 5.1 GtCO2-eq/yr (0.6 to 1.4 GtC-eq/yr) under the B2 scenario*. The largest mitigation 
potentials are found in the steel, cement, and pulp and paper industries and in the control of non-
CO2 gases. Much of that potential is available at <50 US$/tCO2-eq (<180 US$/tC-eq). 
Application of carbon capture and storage (CCS) technology offers a large additional potential, 
albeit at higher cost (low agreement, little evidence). 
 
* A1B and B2 refer to scenarios described in the IPCC Special Report on Emission Scenarios (IPCC, 2000b). The A1 
family of scenarios describe a future with very rapid economic growth, low population growth, and rapid introduction of 
new and more efficient technologies. B2 describes a world ‘in which emphasis is on local solutions to economic, social, 
and environmental sustainability’. It features moderate population growth, intermediate levels of economic development, 
and less rapid and more diverse technological change than the A1B scenario. 
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Exhibit 29:  Industry Mitigation Potential and Cost s in 2030 
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   Exhibit 29 (con’t): Costs of Carbon Capture and Storage by Selected Industry in 2030  
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Appendix B 

 
Appendix B presents additional cost studies that were reviewed, but not included in the summary 
Exhibits.  These studies were considered dated, not representative of California, or to broad in 
scope. 
 
1. Intergovernmental Panel on Climate Change 
    Costs to Industry 12 

 
In 2001 the IPCC published a review of CO2 abatement cost US$/tC) for selected industries. 
  
From the IPCC report: 
3.5.3.1 Energy Efficiency Improvement 
Energy efficiency improvement can be considered as the major option for emission reduction by 
the manufacturing industry. A wide range of technologies is available to improve energy efficiency 
in this industry. An overview is given in Exhibit 1. Note that the total technical potential consists of 
a larger set of options and differs from country to country (see Section 3.5.5). Especially options 
for light industry are not worked out in detail. An important reason is that these sectors are very 
diverse, and so are the emission reduction options. Nevertheless, there are in relative terms 
probably more substantial savings possible than in heavy industry (see, e.g., De Beer et al., 
1996). Examples of technologies for the light industries are efficient lighting, more efficient motors 
and drive systems, process controls, and energy saving in space heating. An extended study 
towards the potential of energy efficiency improvement was undertaken by the World Energy 
Council (WEC, 1995a). Based on a sector-by-sector analysis (supported by a number of country 
case studies) a set of scenarios is developed. In a baseline scenario industrial energy 
consumption grows from 136EJ in 1990 to 205EJ in 2020. In a state-of the- art scenario the 
assumption is that replacement of equipment takes place with the current (1995 in this case) 
most efficient technologies available; in that case industrial primary energy requirement is limited 
to 173EJ in 2020. Finally, the ecologically driven/advanced technology scenario assumes an 
international commitment to energy efficiency, as well as rapid technological progress and 
widespread application of policies and programmes to speed up the adoption of energy efficient 
technologies in all major regions of the world. In that case energy consumption may stabilize at 
1990 levels. 
 
The difference between baseline and ecologically driven/advanced technology is approx. 70EJ, 
which is roughly equivalent to 1100 MtC. Of this reduction approx. 30% could be realized in 
OECD countries; approx. 20% in economies-in-transition, and approximately 50% in developing 
countries. The high share for developing countries can be explained by the high production 
growth assumed for these countries and the currently somewhat higher specific energy use in 
these countries. Apart from these existing technologies, a range of new technologies is under 
development. Important examples are found in the iron and steel industry. Smelt reduction 
processes can replace pelletizing and sinter plants, coke ovens, and blast furnaces, and lead to 
substantial savings. Near net shape casting techniques for steel avoids much of the energy 
required for rolling (De Beer et al., 1998). Other examples are black liquor gasification in the pulp 
industry, improved water removal processes for paper making, e.g., impulse drying and air 
impingement drying, and the use of membrane reactors in the chemical industry. A further 
overview is given in Blok et al. (1995). Although some of these options already can play a role in 

                                                 
12 Mitigation, Chapter 3, Intergovernmental Panel on Climate Change, Third Assessment Report 
pg. 209, 2001. http://www.grida.no/climate/ipcc_tar/wg3/pdf/3.pdf  
http://www.grida.no/climate/ipcc_tar/wg3/index.htm  
http://www.grida.no/climate/ipcc_tar/  
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the year 2010 (see Exhibit 1), their full implementation may take some decades. De Beer (1998) 
carried out an in-depth analysis for three sectors (paper, steel and ammonia). He concludes that 
new industrial processes hold the promise to reduce the current gap between industrial best 
practice and theoretical minimum required energy use by 50%. 
 
Exhibit 1: Industrial Energy Efficiency Improvement  Technologies, Emission        
Reduction Potentials and Costs 
Sources: Kashiwagi et al. (1996), De Beer et al. (1994), ETSU (1994), WEC (1995a or b), IEA Greenhouse Gas R&D 
Programme (2000a), Martin et al. (2000).  For complete reference information see page 266 at 
http://www.grida.no/climate/ipcc_tar/wg3/pdf/3.pdf 
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 44 

Exhibit 1 (con’t):  Industrial Energy Efficiency Im provement Technologies, Emission             
Reduction Potentials and Costs 
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Exhibit 1 (con’t): Industrial Energy Efficiency Imp rovement Technologies, Emission   
Reduction Potentials and Costs 

 
 
 
2. Lehman Brothers 13 

 
Lehman Brothers decided to take a hard look at global warming, starting with the scientific and 
climatological evidence, then proceeding to the economic consequences and implications for 
policy; and finally – with significant help from the Firm’s equity analysts – considering potential 
impacts on major business sectors.  Exhibit 2 presents cost of abatement (tons carbon) for 
various industrial sectors (global analysis). Exhibit 2 is based on the IPCC Third Assessment 
Report, Table 3.19 found in Chapter 3, Mitigation, pg. 209, which is presented as Exhibit 1 above. 
http://www.grida.no/climate/ipcc_tar/wg3/pdf/3.pdf  
 

                                                 
13 The Business of Climate Change, Lehman Brothers, Feb. 2007, pg. 28. 
http://www.cs.bc.edu/~muller/teaching/cs021/lib/ClimateChange.pdf 
Exhibit 2 is based on Table 3.19 found in the IPCC, the Third Assessment Report, Chapter 3, 
Mitigation, pg. 209.   
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Exhibit 2: Industrial Energy Efficiency Costs (US$/ tC) 
 

 
 
 
3. Intergovernmental Panel on Climate Change 
    Cost of Reducing CO2 from Transportation 14  
 
The IPCC also reviewed several studies that assessed the cost (US$/tC) of reducing CO2 from 
transport. The results of the review are presented in Exhibit 3. 
 
From the IPCC report, page 204: 
Over the past 25 years, transport activity has grown at approximately twice the rate of energy 
efficiency improvements. Because the world’s transportation system continued to rely 
overwhelmingly on petroleum as an energy source, transport energy use and GHG emissions 
grew in excess of 2% per year. Projections to 2010 and beyond reviewed above reflect the belief 
that transport growth will continue to outpace efficiency improvements and that without significant 
policy interventions, global transport GHG emissions will be 50%–100% greater in 2020 than in 
1995. Largely as a result of this anticipated growth, studies of the technical and economic 
potential for reducing GHG emissions from transport generally conclude that while significant 
reductions from business-as-usual projections are attainable, it is probably not practical to reduce 
transport emissions below 1990 levels by the 2010–2015 time period. On the other hand, the 
studies reviewed generally indicate that cost-effective reductions on the order of 10%–20% 
versus baseline appear to be achievable. In addition, more rapid than expected advances in key 
technologies such as hybrid and fuel cell vehicles, should they continue, hold out the prospect of 
dramatic reductions in GHG emission from road passenger vehicles beyond 2020. Most analyses 
project slower rates of GHG reductions for freight and air passenger modes, to a large extent 
reflecting expectations of faster rates of growth in activity. Assessing the total global potential for 
                                                 
14 Mitigation, Chapter 3, Intergovernmental Panel on Climate Change, Third Assessment Report,  
pg. 204. 2001. http://www.grida.no/climate/ipcc_tar/wg3/pdf/3.pdf   
http://www.grida.no/climate/ipcc_tar/wg3/index.htm  
http://www.grida.no/climate/ipcc_tar/  
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reducing GHG emissions from transportation is hindered by the relatively small number of studies 
(especially for non-OECD countries) and by the lack of consistency in methods and conventions 
across studies. Not all studies shown in Exhibit 3 cover the entire transportation sector, even of 
the countries included in the study. Most consider a limited set of policy options, (e.g., only motor 
vehicle fuel economy improvement). In general, the studies do not report marginal costs of GHG 
mitigation, but rather average costs versus a base case. Keeping all of these limitations in mind, 
Exhibit 12 summarizes the findings of several major studies. For 2010, the average low GHG 
reduction estimate is just under 7% of baseline total transport sector emissions in 2010, with the 
higher estimates averaging a 17% reduction. There is, however, considerable dispersion around 
both numbers, indicative both of uncertainty and differences in methodology and assumptions. 
For studies looking ahead to 2020, the average low estimate is 15% and the average high 
estimate is 34% of baseline 2020 transport sector emissions. Estimated (average rather than 
marginal) costs are generally negative (as much as -US$200/tC), indicating that fuel savings are 
expected to outweigh incremental costs. There are some positive cost estimates as high as 
US$200/tC, however. The majority of the studies cited in Exhibit 12 are based on engineering- 
economic analyses. Some argue that this method tends to underestimate welfare costs because 
trade-offs between CO2 mitigation and non-price attributes (e.g., performance, comfort, reliability) 
are rarely explicitly considered (Sierra Research, Inc., 1999). 
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Exhibit 3: Estimates of the Costs of Reducing Carbo n Emissions from Transport 2010-2030 
Source: Brown et al., 1998; ECMT, 1997; US DOE/EIA, 1998; DeCicco and Mark, 1998; Worrell et al., 1997b; Michaelis, 
1997; Denis and Koopman, 1998. For complete reference information see page 266 in 
http://www.grida.no/climate/ipcc_tar/wg3/pdf/3.pdf 
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4. Intergovernmental Panel on Climate Change 
    Cost to Countries 15 
 
The IPCC estimated the marginal abatement costs (1990 US$ per tC) for Annex B16 countries to 
implement the Kyoto Protocol with and without carbon trading.  These estimates are presented in 
Exhibit 4. 
 
Exhibit 4: Marginal Cost in Annex II Countries in t he Year 2010 from Global Models 

 
 
The cost estimates for Annex B countries to implement the Kyoto Protocol vary between studies 
and regions, and depend strongly, among others, upon the assumptions regarding the use of the 
Kyoto mechanisms, and their interactions with domestic measures. The great majority of global 
studies reporting and comparing these costs use international energy-economic models. Nine of 
these studies suggest the following GDP impacts. In the absence of emissions trade between 
Annex B countries (see next page for definition of Annex B countries), these studies show 
reductions in projected GDP (10) of about 0.2 to 2% in the year 2010 for different Annex II 
regions (see next page for definition for Annex regions). With full emissions trading between 
Annex B countries, the estimated reductions in the year 2010 are between 0.1 and 1.1% of 
projected GDP.  
 
The global modeling studies reported above show national marginal costs to meet the Kyoto 
targets from about US$20 up to US$600 per t C without trading, and a range from about US$15 
up to US$150 per t C with Annex B trading. For most economies-in-transition countries, GDP 
                                                 
15  Synthesis Report, Summary for Policy Makers, IPCC Third Assessment Report, Climate 
Change 2001, pg. 25 http://www.ipcc.ch/pub/un/syreng/spm.pdf   
http://www.grida.no/climate/ipcc_tar/vol4/english/051.htm 
http://www.grida.no/climate/ipcc_tar/vol4/english/index.htm 
 
16  See next page for definition of Annex B and Annex II countries. 
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effects range from negligible to a several percent increase. However, for some economies-in-
transition countries, implementing the Kyoto Protocol will have similar impact on GDP as for 
Annex II countries. At the time of these studies, most models did not include sinks, non-CO2 
greenhouse gases, the Clean Development Mechanism (CDM), negative cost options, ancillary 
benefits, or targeted revenue recycling, the inclusion of which will reduce estimated costs. On the 
other hand, these models make assumptions which underestimate costs because they assume 
full use of emissions trading without transaction costs, both within and among Annex B countries, 
that mitigation responses would be perfectly efficient and that economies begin to adjust to the 
need to meet Kyoto targets between 1990 and 2000. The cost reductions from Kyoto 
mechanisms may depend on the details of implementation, including the compatibility of domestic 
and international mechanisms, constraints, and transaction costs. 
 
(10) The calculated GDP reductions are relative to each model’s projected GDP baseline. The 
models evaluated only reductions in CO2. In contrast, the estimates cited from the bottom-up 
analyses above included all greenhouse gases. Many metrics can be used to present costs. For 
example, if the annual costs to developed countries associated with meeting Kyoto targets with 
full Annex B trading are in the order of 0.5% of GDP, this represents US$125 billion (1,000 
million) per year, or US$125 per person per year by 2010 in Annex II (SRES assumptions). 
This corresponds to an impact on economic growth rates over 10 years of less than 0.1 
percentage point. 

Annex B countries  
Group of countries included in Annex B in the Kyoto Protocol that have agreed to a target for their 
greenhouse gas emissions, including all the Annex I countries (as amended in 1998) but Turkey 
and Belarus. See also Annex II, non- Annex I, and non-Annex B countries/Parties.  

Annex I countries/Parties  
Group of countries included in Annex I (as amended in 1998) to the United Nations Framework 
Convention on Climate Change, including all the developed countries in the Organisation for 
Economic Cooperation and Development, and economies in transition. By default, the other 
countries are referred to as non-Annex I countries. Under Articles 4.2(a) and 4.2(b) of the 
Convention, Annex I countries commit themselves specifically to the aim of returning individually 
or jointly to their 1990 levels of greenhouse gas emissions by the year 2000. See also Annex II, 
Annex B, and non-Annex B countries.  

Annex II countries  
Group of countries included in Annex II to the United Nations Framework Convention on Climate 
Change, including all developed countries in the Organisation for Economic Cooperation and 
Development. Under Article 4.2(g) of the Convention, these countries are expected to provide 
financial resources to assist developing countries to comply with their obligations, such as 
preparing national reports. Annex II countries are also expected to promote the transfer of 
environmentally sound technologies to developing countries. See also Annex I, Annex B, non-
Annex I, and non-Annex B countries/Parties.  

 
 
 
 
 
 
 
 
 
 
 



 

 51 

5. New South Wales (NSW)  
    GHG Abatement Costs 17 
 
 
The study was commissioned by the NSW Cabinet Office to help better understand the options 
for abating greenhouse gas (GHG) emissions within NSW. The intention is to identify areas 
where additional policy attention might best be brought to bear by providing an indication of both 
the magnitude and the likely total costs of these opportunities. The abatement costs are 
presented in Exhibit 5. 
 
Exhibit 5: New South Wales GHG Abatement Cost Curve  to 2014 

 
 
The key assumptions, mitigation potential, and costs are provided in Exhibit 6. 
 

                                                 
17 Cost Curve for New South Wales Greenhouse Gas Abatement, Prepared for the NSW Green 
House Office, November 2004, pg 1.  
http://www.greenhouse.nsw.gov.au/__data/assets/pdf_file/0017/4544/cost_curve.pdf 
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Exhibit 6:  New South Wales GHG Abatement Measures 
 

 
 
 


