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Abstract: The United States has taken aggressive steps to reduce emissions of greenhouse gases
through private-public partnerships.  This paper describes the recent accomplishments of some
of the U.S. government=s voluntary programs, including the ENERGY STAR7 program and non-CO2

programs to reduce HFC, PFC and SF6 emissions.  Information is provided on the strategic
approach of these programs, their development and structure, and results to date.  Specific
examples are selected to illustrate how the programs achieve emissions reductions, the criteria
used to develop, monitor, and evaluate the programs, and methodologies used to assess these
criteria.  Finally, the paper outlines trends in the voluntary programs and the expectations for
significant reductions of greenhouse gas emissions in the future.

Introduction

The United States government is currently pursuing a broad range of strategies to reduce
emissions of greenhouse gases, including: voluntary private-public partnership programs that
promote energy efficiency and the broader use of renewable energy; research and development
(R&D) investments and tax incentives to increase energy efficiency and the broader use of
renewable energy; appliance standards that increase the minimum level of efficiency of products
on the market; financial incentives such as grants to states and localities; and programs to reduce
greenhouse gas emissions from Federal buildings and transportation fleets.

These programs are achieving real reductions in greenhouse gas emissions.  The U.S. government
estimates that its existing climate change programs reduced emissions by 66 million metric tons of
carbon equivalent in 20001.

                                               
1 Office of Management and Budget, based on estimates from Federal agencies including the Environmental

Protection Agency and Department of Energy.
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This paper describes recent accomplishments for some of the U.S. government=s voluntary climate
protection programs, including the ENERGY STAR program and non-CO2 programs to reduce
emissions of hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6).
 Information is provided on the strategic approach of these programs, their development and
structure, and results to date.  Specific examples are selected to illustrate how the programs
achieve emissions reductions, the criteria used to develop, monitor, and evaluate the programs,
and methodologies used to assess these criteria.  Finally, the paper outlines trends in the voluntary
programs and the expectations for significant reductions of greenhouse gas emissions in the
future.

Voluntary Program Design and Accomplishments

The U.S. government works in partnership with businesses and organizations across the country
to enhance investment in attractive, yet underutilized technologies and practices that reduce
greenhouse gas emissions.

ENERGY STAR Program

The ENERGY STAR program reduces energy consumption in homes and office buildings while
saving businesses and consumers billions of dollars on their energy bills.  ENERGY STAR enables
businesses, organizations, and consumers to realize these cost savings and the environmental
benefits of energy efficiency investments through a straightforward market-based approach.

$ Use the ENERGY STAR label to clearly identify which products, practices, new
homes, and buildings are energy efficientBBoffering lower energy bills and
environmental benefits.

$ Empower decision makers by making them aware of the benefits of labeled products,
homes, and buildings and providing energy performance assessment tools and
project guidelines for efficiency improvements.

$ Work with retail and services companies in the delivery chain so that they can easily
offer efficient products and services.

$ Partner with regional, state, and local organizations that are running energy
efficiency programs so that these programs leverage the national energy efficiency
specifications and public awareness of ENERGY STAR and achieve more with their
resources.

Introduced by the U.S. Environmental Protection Agency (EPA) in 1992 for energy-efficient
computers, the ENERGY STAR label has been expanded to more than 30 product categories.  Since
the mid-1990s, EPA has collaborated with the U.S. Department of Energy (DOE), which now has
responsibility for certain product categories.
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The economic and environmental benefits through the year 2000 are substantial2.  ENERGY STAR
has developed strong partnerships with 1,600 manufacturers labeling over 11,000 products.  More
than 120 million ENERGY STAR labeled products were purchased in 2000 alone, contributing to
over 600 million labeled products purchased by consumers and businesses.  The ENERGY STAR
label has become a national symbol for energy efficiency and is now recognized by more than 40
percent of the American public. In addition, 1,600 builders have joined as partners, constructing
25,000 ENERGY STAR labeled homes.  ENERGY STAR has also partnered with organizations
representing 17 percent of U.S. building floor space who are committed to improving their energy
performance.  The national building energy performance rating system, which was first offered in
1999 for office buildings, became available for schools in 2000.  Almost 1,700 school buildings
and more than 2,500 office buildings were benchmarked in 2000, with 215 schools and 330 office
buildings earning ENERGY STAR labels.

In 2000 alone, the ENERGY STAR program:

$ Reduced greenhouse gas emissions by more than 15 million metric tons carbon
equivalent (MMTCE)BBthe same as eliminating emissions from more than 10 million
cars;

$ Prevented emissions of nitrogen oxides (NOx) of about 160,000 tonsBBequivalent to
the emissions from more than 100 power plants;

$ Reduced energy consumption by approximately 74 billion kWh;
$ Offset almost 10,000 megawatts of peak summer demand.

The U.S. government devotes considerable effort to obtaining the best possible information on
which to evaluate emission reductions from voluntary programs.  Below are summaries of efforts
undertaken by EPA in two areas of the ENERGY STAR program, together which account for
almost 90% of the electricity savings attributable to the program.

Evaluating Office Equipment Energy Savings3.  Office equipment was the first in a long line of
ENERGY STAR labeled products, and that equipment is responsible for a large portion of the
energy and carbon savings achieved by the program over the years.  To assess the impacts of this
important part of the ENERGY STAR program, EPA used market data (estimated by a leading
industry analyst firm) on shipments of both ENERGY STAR and non-ENERGY STAR labeled
equipment, field-measured data on the power levels for this equipment in different operating
modes (e.g. active, sleep, off), as well as survey data on equipment operating patterns, lifetimes,

                                               
2 U.S. Environmental Protection Agency, Climate Protection Partnerships Division, 2000 Annual Report: The

Power of Partnerships, ENERGY STAR and Other Voluntary Programs, EPA 430-R-01-009 (July 2001).

3 See Webber, Carrie A., Richard E. Brown, Jonathan G. Koomey, and Akshay Mahajan. 2001. ASavings
estimates for the ENERGY STAR voluntary labeling program: 2001 status report.@ Lawrence Berkeley
National Laboratory. Draft LBNL-48496. July.
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and ownership levels.  EPA combined these data with survey data on the percentage of the labeled
equipment that was correctly enabled and saving energy in the field.  The reliance on market data,
survey data, and state-of-the-art field measurements ensures the accuracy of the estimates. 
Because technology in this particular market changes so rapidly and because of the importance of
this equipment to the overall results of ENERGY STAR, the data collection and analysis efforts are
ongoing.

Evaluating the Green Lights7 Program4.  To evaluate the climate protection benefits of EPA=s
Green Lights program (now part of ENERGY STAR), EPA conducted a long-term statistical
analysis of the market for energy-efficient lighting products.  The economic methodology used
observed shipment values and shipped quantities to differentiate market effects from public
programs effects, and then employed published data sources to separate the impacts of EPA=s
programs from those of other energy efficiency programs.  The EPA impacts are referred to as
market transformation because the intent of EPA=s public/private voluntary partnerships is to
encourage the formation of self-sustaining markets for energy-efficient products and services,
rather than to temporarily increase demand through financial subsidies.  Using four decades of
data related to fluorescent lighting ballasts, this Green Lights program evaluation derived price
elasticity and relative price response estimates associated with the quantities demanded and
market shares of electronic ballasts.  National energy savings and climate protection impacts
associated with Green Lights market transformation efforts through the year 2000 were derived
using engineering algorithms.

ENERGY STAR Benchmarking

EPA launched the voluntary ENERGY STAR for buildings effort in 1996, building on the success of
the Green Lights program.  Where Green Lights focused on improving the efficiency of lighting in
buildings, ENERGY STAR looks at whole building energy performance.  EPA recognized early on
that one of the key barriers to improving building energy performance is that no single metric
allows building owners to understand how well their buildings as a whole perform relative to
others.  Without such a metric, businesses and organizations have no way to identify the best
opportunities for improvement or to gauge the success of efficiency upgrades.  To overcome this
barrier, ENERGY STAR developed a benchmarking tool that rates building energy performance on a
scale of 1-100.  Organizations enter information about their energy use and building activity into
the on-line tool, and receive a statement of energy performance showing how they scored and
how their building(s) compare to other like buildings.  Buildings that score a 75 or above (i.e., are
in the top quartile in terms of energy performance) are eligible to receive the ENERGY STAR label
to affix to their building. 

                                               
4 See Horowitz, M.J. 2001. AEconomic Indicators of Market Transformation: Energy Efficient Lighting and

EPA=s Green Lights.@ The Energy Journal 2(4): 95-122.
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ENERGY STAR works closely with thousands of partner organizations to promote use of the
benchmarking tool.  An important message provided to these organizations is that they should
benchmark their entire portfolio of buildings, identify the best opportunities for upgrade
investments, and continuously benchmark to track improvement over time.  For this message to
be successful, it is important for ENERGY STAR to reach high-level executives in business and
government.  To do this, ENERGY STAR relates the value of energy performance (as measured by
the benchmarking tool) to an organization=s financial performance.  This strategy has proven
successful in focusing attention on the benchmarking tool, the value it provides, and the benefits
of improving energy performance.

ENERGY STAR released the benchmarking tool for office buildings in 1999.  Primary/secondary
schools were added in 2000, supermarkets were added in 2001, and EPA plans to make
benchmarking available for many other types of buildings within the next year.  More than 6,000
buildings have been benchmarked to date, and over 630 labels have been awarded.  Development
of the benchmark tool for each building type involves identification and assessment of the relative
impact of the principal drivers of source energy intensity using regression modeling of survey data
collected every 3 or 4 years by the U.S. Energy Information Administration.

The benchmarking tool will be used to evaluate effectiveness in reducing carbon dioxide emissions
in the commercial buildings sector.  Because organizations benchmark continuously over time,
EPA will be able to track improvement along the rating scale.  While EPA currently relies on its
long history of partner reporting to evaluate results from whole-building improvements, EPA is
working to integrate the results from the benchmarking tool into the market transformation
economic methodology used to evaluate the Green Lights program.

Non-CO2 Voluntary Programs

The U.S. government has taken aggressive steps to reduce emissions of non-CO2 greenhouse
gases using a number of policy approaches.  The U.S. may be unique in the world in the scope of
its non-CO2 greenhouse gases programs, which address emissions of methane and the high-global
warming potential (GWP) gases.  For the most part, U.S. programs are voluntary in nature. 
There are some regulatory programs, however, aimed at reducing emissions of other pollutants
and having the side benefit of reducing greenhouse gas emissions as well.

U.S. High GWP Voluntary Programs

Beginning in 1993, EPA has implemented voluntary programs to reduce emissions of high-GWP
gases that are released as byproducts of industrial operations in the following industries: primary
aluminum smelting, semiconductor manufacture, electric power distribution, magnesium smelting
and die-casting, and HCFC-22 production.  Companies joining the partnerships evaluate the
viability of pollution prevention techniques of process optimization, source reduction, substitute
chemicals, recover/recycling, and abatement.  This information is used to set emission reduction
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goals based on cost-effective emission reduction strategies.  EPA partners value the benefits
voluntary programs offer: cost-effective pollution prevention, technological innovation and
information sharing, flexibility and quick implementation, and positive company recognition. 
Reducing or preventing emissions of the high-GWP gases is important to the U.S. emission
reduction strategy because of the potential high growth in emissions of these gases and the
environmental benefits of avoiding a growing atmospheric concentration of long-lived
anthropogenic chemicals.

The Voluntary Aluminum Industrial Partnership is an innovative pollution prevention program
developed jointly by EPA and the U.S. primary aluminum industry.  Participating companies work
to improve aluminum production efficiency while reducing PFC emissionsBBa byproduct of the
smelting process. Ninety-four percent of U.S. production capacity and 9 of the 10 U.S.
manufacturers, representing 22 of the 23 U.S. smelters, participate in the program.  Each partner
in the VAIP program signs a Memorandum of Understanding with EPA in which they agree to
reduce CF4 and C2F6 where technically feasible and cost-effective.  For its part, EPA has
published a report on global efforts to reduce emissions, funded research into the factors that
influence the generation of PFCs, and provides public recognition of the partners= efforts.  Since
the partnership was formed in 1996, it has had great success in characterizing the emissions from
smelter operations and reducing overall emissions.  Most significantly, the VAIP met its 2000
program goal, with emissions reduced about 45 percent relative to 1990 levels on an emissions
per unit of product basis.  The absolute reductions are a similar percentage but are currently
affected by facility closures caused by high energy costs in the Northwest region of the United
States.  The partnership also completed an emissions measurement campaign at six U.S. aluminum
smelters to better characterize the relationship between operating parameters and emissions.

The PFC Emission Reduction Partnership for the Semiconductor Industry aims to reduce
emissions of PFCs from semiconductor manufacturing.  Companies joining the partnership have
agreed to work to reduce their emissions by considering the viability of pollution prevention
techniques such as process optimization, source reduction, recovery/recycling, substitute
chemicals and abatement.  Semiconductor manufacturers began using small quantities of PFCs in
the early 1990s and these chemicals have become critical to current manufacturing methods
because they possess unique characteristics.  Worldwide, semiconductor manufacturers are
working through the World Semiconductor Manufacturing Council to reduce emissions cost-
effectively.  Manufacturers in Europe, Japan, Korea, Taiwan, and the United States have pledged
to reduce emissions by 10% from baseline by 2010.  Despite high growth rates, this agreement
ensures that this industry will not become a significant greenhouse gas emitter in the future.  Since
1996, companies in the partnership have identified and implemented process changes in the
manufacture of silicon chips to reduce emissions of PFCs.  In 2000, EPA renewed the partnership
with the U.S. Semiconductor Industry Association, who agreed on behalf of 21 U.S.
semiconductor producers, to reduce emissions of PFCs by 10 percent below their 1995 baseline
by 2010.
The SF6 Emission Reduction Partnership for Electric Power Systems, initiated in 1999, provides



James T. Sullivan/Sally Rand B Private-Public Partnerships: Recent Accomplishments of U.S. Voluntary
Approaches to Reduce Emissions of Greenhouse Gases

7

a forum for the electric power industry to work together with the U.S. government to reduce
sulfur hexafluoride (SF6) emissions to technically and economically feasible levels through
identifying and encouraging adoption of best management practices.  SF6 is used by this industry
in a variety of applications, including that of dielectric insulating material in electrical transmission
and distribution equipment such as circuit breakers.  Over 80 percent of SF6 sales are to this
power sector.  Electric power systems that join the Partnership must, within 18 months, establish
an emission reduction goal reflecting technically and economically feasible opportunities within
their company.  They also agree to, within the constraints of economic and technical feasibility,
estimate their emissions of SF6, establish a strategy for replacing older, leakier pieces of
equipment, implement SF6 recycling, establish and apply proper handling techniques, and report
annual emissions to EPA.  EPA works as a clearinghouse for technical information, works to
obtain commitments from all electric power system operators and sponsored an international
conference in 2000 on SF6 emission reductions.  By the end of 2000, more than 60 electric utility
companies had joined the partnership, representing approximately 25 percent of the companies
and nearly 45 percent of net generating capacity within this industry.

The SF6 Emission Reduction Partnership for the Magnesium Industry, launched in 1999, works
with primary and secondary producers of magnesium to identify and encourage adoption of best
management practices for reducing emissions SF6.  SF6 is used by these industries as a protective
covergas for the molten metal.  Without such protection, molten magnesium readily vaporizes and
burns when exposed to air.  The initial focus has been on establishing baseline emission estimates,
identification and implementation of good handling procedures, evaluation of emission control
technologies, and information sharing.  EPA is also working with the International Magnesium
Association to facilitate information sharing globally.  In 2000, EPA received reports from
magnesium partners for their first annual emissions estimates using EPA-designed reporting
software.  In turn, EPA published the partnership=s first annual report.  The program has grown
rapidly and by the end of 2000, EPA expanded the Partnership to 15 partners representing 100
percent of primary magnesium production and 60 percent of domestic casting capacity.  This
Partnership now accounts for 75 percent of total domestic SF6 emissions from the U.S.
magnesium industry.

The HFC-23 Emission Reduction Program works to cost-effectively reduce emissions of the
potent greenhouse gas, HFC-23, which is generated as a by-product in the manufacture of HCFC-
22.  Through this program, EPA encourages all the U.S. producers of HCFC-22 to develop and
implement technically feasible, cost-effective processing practices or technologies to reduce HFC-
23 emissions.  The partnership has helped the intensity of HFC-23 emissions (the amount of HFC-
23 emitted per kilogram of HCFC-22 manufactured) decline significantly.  Despite an estimated
35-percent increase in production since 1990, total emissions are below 1990 levelsBBa reduction
of 4.7 MMTCE compared to business-as-usual.  In 2000, EPA partnered with 100 percent of the
U.S. HCFC-22 producers to use process optimization and abatement to reduce production by-
product emissions of HFC-23BBthe most potent and persistent of the HFCs.
In the Mobile Air Conditioning Climate Protection Partnership, U.S. EPA, the Society of
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Automotive Engineers (SAE), and the Mobile Air Conditioning Society Worldwide (MACS) are
working with automobile companies, equipment suppliers, and environmental organizations to
help protect the climate by reducing the impact that mobile air conditioning has on the
environment. These partners are conducting public awareness campaigns, provide service
procedures and guidelines for reducing the emission of refrigerants from the existing fleet of
vehicles, improving systems used in new vehicles, and designing systems for the next generation
of high-efficiency hybrid, electric, and fuel cell vehicles.

Organizing, Government, Academic, Environmental, and Testing Partners in the partnership
include: U.S. EPA, SAE, MACS, Environment Canada, Environment Directorate-General
European Commission,  National Renewable Energy Research Laboratory, Underwriters
Laboratories, University of Braunschweig, University of Illinois, U.S. Army, World Resources
Institute, and National Renewable Energy Research Laboratory.  Corporate Partners include:
Audi, Behr, Bergstrom, BMW, Calsonic, DaimlerChrysler, Delphi Automotive Systems, Denso,
Eaton, Freightliner, General Motors, Goodyear, Honda, Johnson Controls, Mobile Air
Conditioning Society, Nissan, Neutronics, Parker-Hannifin, Sanden, Snap-On Diagnostics,
Society of Automotive Engineers, Texas Instruments (TI), Toyota, Underwriters Laboratories,
Uview Ultraviolet Systems, Valeo, Visteon Corporation, Volkswagen, and Volvo Car
Corporation.

The U.S. voluntary programs for high-GWP gases have been highly successful in partnering with
industry to reduce emissions of these potent greenhouse gases.  For the affected industries, use
and/or emissions of these gases tend to be fundamental to current business practices, and
determining the technical opportunities and cost-effectiveness of options to reduce emissions is
critical to program development.  Each high-GWP voluntary program is also customized to the
specific needs of its industry.  These programs are successfully reducing emissions and guiding
chemical and equipment suppliers and industry to low- or no-emitting production methods.

Many of the lessons learned in the U.S. from these programs are readily transferrable
internationally.  For example, the EPA voluntary partnership for semiconductors catalyzed similar
programs in Japan, Europe, Korea, and Taiwan, and contributed to setting a voluntary global PFC
emission reduction target by the World Semiconductor Council.  The U.S. HFC refrigerant
recycling program has global recognition and is being used as a model in a number of countries. 
Cost-effective process optimization methods to reduce PFCs from aluminum smelting are also
readily transferable.

Future Trends in Voluntary Programs

The U.S. government=s voluntary partnership programs will continue to be a powerful means for
reducing emissions of greenhouse gases and air pollutants across the country in a cost-effective
manner.  In these areas, the U.S. government plans to: add new products and services to the
ENERGY STAR family, build public awareness of ENERGY STAR to more than 60 percent by the end
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of 2005, continue to educate consumers and homeowners to be aware that ENERGY STAR
products can reduce their home energy bills by about 30 percent or $400 annually through a
variety of means, offer energy performance rating and labeling for more building types, including
retail uses, healthcare, lodging, food service and sales, and public assembly, and build additional
partnerships with businesses and organizations, focusing particularly on small business, state and
local governments, and school systems.  In addition, the U.S. government plans to continue to
work with the partners in the high-GWP programs to implement cost-effective emissions
reductions and to expand the voluntary environmental stewardship programs to reduce high-GWP
emissions from other key sources, such as the military and the ozone-depleting substance
replacement industries.

The following tables show the expected emission reductions from the ENERGY STAR program and
voluntary high-GWP programs through 2010.

Table 1: Estimated Emission Reductions (MMTCE) from ENERGY STAR Program 

1990 2000 2005 2010

Voluntary Reductions 0 15.2 26.1 48.1

Table 2: Estimated Emission Reductions (MMTCE) from Voluntary High GWP Programs

1990 2000 2005 2010

Baseline Emissions 26.5 25.5 31.7 40.9

Voluntary Reductions 0 5.2 13.8 29.3

Net Emissions 26.5 20.3 17.9 11.6

In addition to the voluntary programs described in this paper, the U.S. government is launching
new voluntary initiatives in the clean energy and transportation sectors that are expected to
contribute to reducing emissions of greenhouse gases by 2010. 

Conclusion

Voluntary programs are a successful part of the U.S. mix of strategic tools to lower emissions of
greenhouse gases.  Voluntary programs promoting cost-effective greenhouse gas reductions
capitalize on technological creativity and help expand markets for low- or no-emitting equipment
and alternative process chemicals.  In addition, these effective programs offer useful models for
adaptation by other countries to achieve important greenhouse gas emission reductions in light of
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each country=s unique national circumstances.


