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THE LONGER-TERM VIEW: THE RELATIONSHIP OF 

EMISSIONS TO ATMOSPHERIC CONCENTRATIONS

Most have focused on what steps might be taken in the medium tenn (2010-
2020) to reduce emissions of greenhouse gases. Such actions represent only an initial step and, 
by themselves, would fall fer short of significantly reducing the risks of climate change. Much 
more long-term planning will be necessary to achieve the goal of the Framework Convention on 

Climate Change:

"stabilization of greenhouse gas concentrations ...at a level that would prevent 
dangerous anthropogenic interference with the climate system. Such a level 
should... allow ecosystems to adept naturally to climate change; ensure that 
food production is not threatened; and enable economic development to proceed 

in a sustainable matter."

This paper describes emissions paths that would be necessary to achieve various longer-term 
goals of stabilizing atmospheric concentrations of greenhouse gases. It also explores the 
implications that a longer term goal has for shaping near-term policy decisions.

Several aspects of die climate change issue underscore its long term nature, but also 

suggest a need for beginning action now;

— Once emitted, carbon dioxide will remain in the atmosphere for 150-200 

years.- Lags in the climate system result in temperatures increasing for several decades
and sea level rising for centuries alter greenhouse emissions have ceased 

to increase.
— Uncertainties in scientific understanding of climate change and its relationship 

to long-term costs and benefits make selecting any specific ultimate 
concentration goal somewhat speculative at this time.

- It has taken decades for the infrastructure of fossil-fuel based technologies to
develop. A transition to alternative sources of energy will also require 
many decades, but will only begin in earnest if research and development 
is begun now and if proper incentives are provided.

I. GLOBAL EMISSIONS AND ATMOSPHERIC CONCENTKATIONS

In the absence of any actions specifically to limit carbon dioxide emissions, the 
Intergovernmental Panel on Climate Change (IPCC), as shown in Figure 1, estimated that current 
emissions (as shown by the 2 upper lines) of 6 billion tons of carbon per year could grow to 
between 15-25 billion tons of carbon by 2050 and continue to increase through the end of the
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next century.
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Figure 2 shows the impact of these emissions sceiuaios on atmospheric concentrations. 
For context, preindustrial levels of carbon dioscide were about 280 ppm, and have increased to 
today’s levels of about 360 ppm. Two scenarios with unrestrained projected growth are shown in 
figures 1 and 2. The “1990 tech" scenario assumes technology remains constant at 1990 levels in 
the future. The “tech+" scenario assumes technology improves substantially and results in lower 
costs for alternative fuels and enhanced energy efficiency. (The latter scenario represents the 
“central case" developed by the IPCC and is sometimes referred to as “IS92a”.) In both of these 
scenarios, emissions grow substantially over time and concentrations far exceed a doubling of 

preindustrial levels prior to the end of the next century.

If it were possible to cap global emissions in both developed and developing coimtries at 
1990 levels, figure 2 (line labeled “constant 1990”) shows that concentrations would nonetheless 
continue to rise throughout the next century and b^ond, eventually exceeding a doubling of 

preindustrial levels.

Figure 3 shows the projected long-term atmospheric concentrations if emissions were 
stabilized at different levels. The figure shows that if emissions were stabilized at current levels 
(6 Pg C/yr), atmospheric concentrations would grow to almost 500 ppm by 2100, but continue 
ir.>>r^acing thereafter. It also shows that if emissions are stabilized at 10 PgC/yr, roughly 33 
percent higher than today’s level, then atmospheric concentrations would increase to more than a 
doubling fiom pre-industrial levels by 2100, while also continuing to increase thereafter.
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C02 Concentrations Associated with IS92a(Techr»-) and Altematiye 

Energy Related Emissions Stabilization Levels
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Table 1 shows how various concentration targets relate to emissions pathways. For 
example, to meet a 550 ppmv concentration goal, global emissions must begin to deflect from the 
business-as-usual curve by 2013. In this scenario, emissions would peak at 9.7 PgC/yr in 2033 

and drop rapidly thereafter.

The Relationship Between CO2 Concentration Ceilings,
Mazimom Emissions, and the Subsegncnt Rate of Emissions Decline: WRE Cases

Deflection Date IS92a (Tech-f)» 2001 2007 2013 2018 2023
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Table 1
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II. developed AND DEVELOPING COUNTRY EMISSION TRENDS

Figure 4 presents current and projected emissions of carbon dioxide for developed and 
developing countries. Of the current emissions of roughly 6 billion tons, approximately two- 
thirds are fiom developed and one-third fiom developing countries. The U.S. is currently the 
largest emitter of carbon dioxide, with China the second largest source. However, on a per 
capita basis, the U.S. emits about 5 tons of carbon per capita, compared to an average of 
approximately 4 tons per capita in J{g>an and Western Europe, and 0.4 tons per capita for 
developing countries. While per capita differences remain large over time, by the middle of the 
next century, developing countries would become a source for more than half of total global 
emissions.

Annex I and Non-Annex I Fossfl Riel Cailxm
IS92a(Techf)

20.0

issions:

18.0--
16.0 --
14.0 --

H 12.0 - -
10.0-- Non-Annex I

2030 2050

Figured

m. ILLUSTRATIVE EMISSION REDUCTION SCENARIOS

Limited mid-term actions to reduce emissions by developed countries alone have little impact on
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gEiftifig the atmospheric concentrations curve. Figure 5 shows the small change in 
concentrations if Annex I (developed countries) freeze emissions at 1990 levels in the year 2010.
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Figure 6 illusteates two possible emissions profiles for developed (Annex I) countries. 
Both scenarios Msume a freeze in emissions at 1990 levels in 2010. On the hatched line, 
emissions are then reduced by 2.5% per decade and in the lower line they are reduced at 7.5% per
decade. The highest line is the business-as-usual (TECH+) scenario from the IPCC. (To put
these reductions in perspective, the U.S. has achieved annual efficiency improvements of 2.5 

percent per year during the energy crises.)

Figures 7 and 8 are based on each of the Annex I pathways described in Figure 6. They 
show the pathway developing countries would need to follow to stabilize concentrations at 450 
ppm, 550 ppm and 650 ppm. These figures show that to achieve stabilization at 550, developing 
countries would be able to emit on their currently projected path until about 2020 before 
significant reductions would be required. Figure 8 illustrates a similar case but assumes that 
developed countries freeze at 2010 at 1990 emissions but then reduce at 7.5% per decade.

Figures 9 and 10 show the per capita emissions for both developed and developing 
countries that result from the scenarios described in the previous two figures. They show that 

these scenarios, developed country emissions stay substantially greater than those in 
developing countries (which rise to 1 TC/person only in the 650 ppm case).

Allowable Non-Annex 1 Emissions
AnnexI 2.5%/decade Emissions Reduction Case, Using WREQobal Emissions 

Paths for 450 ppnrv, 550 ppmv & 650 ppmv C02 Ceilings
14.0

12.0

10.0 . -

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 

^ —.WRE450 —WRE550 --WRE650

Figure 7
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Allowable Non-Annex 1 Emissions
AimexI 7.5%/decade Einissions Reduction Case, Using WRE Qobal Emissions 

Paths for 450 ppmv, 550 ppmv & 650 ppmv C02 Ceilings

14.0

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 

.^IS92a(Tech+) —WRE450" ^ .WRE550 .WRE650

Figure 8
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Figure 9
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Per Capita Emissions
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IV. THE ROLE OF TECHNOLOGY AND IMPACTS ON COSTS

As suggested in Figure 1, the rate of technological change can play a very important role 
in determining the level at which atmospheric concentrations can be stabilized. Figure 11 looks 
specifically at the costs associated with different technology cases. It looks at three specific
cases:

— 1990 tech: assumes no technological change from 1990

" 1990 tech +:«spumes significant improvements in reducing the costs of 
alternative fuels and in improving efficiency;

— Advanced tech: assumes even further advances and cost savings.

A description of key assumptions for the latter two cases is included as Appendix 1.

Figure 11 shows for each of these technology cases, the total costs associated with 
achieving three different levels of atmospheric concentrations: 550,650 and 750 ppm. The 
estimated costs under the assumption that no technological progress is possible were found to be 
about $12 trilUon or 1.2% of total world GDP, compared to $1 trillion or 0.12% of GDP 
assuming substantial progress in reduction technologies. In the advanced technology case, which 
ncwimes very substantial non-fossil alternatives will be available by 2020, the cost virtually 
disappear. However, the assumed cost and performance of the alternative technologies would 
only become achievable with significant increases in research and development investments.
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The Relationship Between Technology and Minimum Cost of 

Stabilizing the Atmosphere Below Various Ceilings
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Figure 11

Substantial technological progress aimed at reducing the costs of emission reductions is 
critical for several reasons. It would result in lower costs to the U.S. economy, both in terms of 
reductions made domestically and in the costs of a reductions obtained abroad through any 
ftmissinns trading regime. Reducing the costs of alternatives is also critical to limiting future 
emissions from developing countries, particularly those with large fossil fuel reserves. Finally, 
expanding the technological frontier ofEers U.S. industry significant potential opportunities for 
expanding our industrial base both at home and abroad.
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APPENDIX

Key Assumptions about Technology Scenarios:

IS92arrech+)
•End-use (AEEI) Improves at Wolyi.
•Conventional Fossil Fuel Power Generation Improves at 1%/yr.
•Non-Fossil Power Sources Improves at 4.5%/yr, 1990 to 2025,1.25%/yr thereafter. 
•Biomass Energy Improves at 1%/yr.

Advanced Energy Technoloev
•Advanced solar/wind/fusion

- The cost of solar/wind power reaches a busbar cost of $0.04/kWh by 2020 and
- the cost decreases at 0.5 %/year thereafter.

•Low cost biomass
- By the year 2020,20% of the biomass resource is available at S1.40/GJ and
- 80% is available at S2.40

• Advanced liquefied hydrogen fuel cells for transport
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THE LONGER-TERM VIEW: THE RELATIONSHIP OF 

EMISSIONS TO ATMOSPHERIC CONCENTRATIONS

While most discussions have focused on what steps might be taken in the medium term to 
reduce emissions of greenhouse gases, it is generally recognized that any such actions represent 
only an initial step and, by themselves, would fall far short of significantly reducing the risks of 
climate change. This paper presents information related to emissions paths that would be 
necessary to achieve various longer-term goals of stabilizing atmospheric concentrations of 
greenhouse gases. It also explores the implications that a longer term goal has for shaping near 
term policy decisions.

Several aspects of the climate change issue underscore its long term nature, but also 
suggest a need for beginning action now;

— Once emitted, carbon dioxide will remain in the atmosphere for a 150-200 

years.
- Lags in the climate system result in temperatures increasing for several decades 

and sea level rising for centuries after greenhouse emissions have ceased 
to increase.

— Uncertainties in scientific understanding of climate change and its relationship 
to long-term costs and benefits make selecting any specific ultimate 
concentrations goal somewhat speculative at this time.

— The infrastructure for fossil-fuel based technologies developed over many 
decades. A transition to alternative sources of energy will also require 
many decades, but will only begin in earnest if research and development 
is begun now and if proper incentives are provided.

I. GLOBAL EMISSIONS AND ATMOSPHERIC CONCENTRATIONS

In the absence of any actions specifically to limit carbon dioxide emissions, the 
Intergovernmental Panel on Climate Change (IPCC), as shown in Figure 1, estimated that current 
emissions of 6 billion tons of carbon per year will grow to between 15-25 billion tons of carbon 
by 2050 and continue to increase tlirough the end of the next century.
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Figure 2 shows the impact of these emissions scenarios on atmospheric concentrations. 
For context, preindustrial levels of carbon dioxide were about 280 ppm, and have increased to 
today’s levels of about 360 ppm. Two scenarios with unrestrained projected growth are shown in 
figures 1 and 2. The “1990 tech” scenario assumes technology remains constant at 1990 levels in 
the future. The “tech+” scenario assumes teclinology improves substantially and results in lower 
costs for alternative fuels and enhanced energy efficiency. (The latter scenario represents the 
“central case” developed by the IPCC and is sometimes referred to as IS92a.) Under both of 
these scenarios, emissions grow substantially over time and concentrations far exceed a doubling 
of preindustrial levels prior to the end of the next century.

If it were possible to cap global emissions (both developed and developing countries) at 
1990 levels, figure 2 shows that concentrations would nonetheless continue to rise throughout the 
next century and beyond, eventually exceeding a doubling of preindustrial levels.

Figure 3 shows the projected long-term atmospheric concentrations if emissions were 
stabilized at different levels. The figure shows that if emissions were stabilized at current levels, 
atmospheric concentrations would grow to almost 500 ppm by 2100, but continue increasing 
thereafter. It also shows that if emissions are stabilized at 10 PgC/yr, roughly 33 percent higher 
that today’s level, then atmospheric concentrations would increase to more than a doubling from 
pre-industrial levels by 2100, while also continuing to increase thereafter.
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Key Dates & Rates

The Relationship Between CO2 Concentration Ceilings,
Maximum Emissions, and the Subsequent Rate of Emissions Decline: WRE Cases

«iiPPm»45ipRm^.5§0.ppii*«:;^:iI)pmjr ^ ^
Deflection Date IS92a (Tech+) “ 2001 2007 2013 2018
Deflection Date lS92a (1990Tech)" 2001 2006 2007 2007
Growth Rate to Maximum Date " ' 0.3% 0.3% : 0.5%
lS92a (Tech+) Growth Rate 1;8% ■ 1.4% 1.1% ::: *.0.9%
1892a (1990Tech) Growth Rate 1.6% .'•'f 2.8% 2.6% -
Maximum Date 2005 2011 2033 2049
Maximum Emission " 6.0 8.0 9.7 11.4
Rate of Decline* n.a.* 1.1% 0.8%^ :..;o.6%"^»..

The deflection date is the year in which emissions in the emissions stabilization trajectory first fall below IS92a emissions by more 
PgC/yr.

*’ Average annual rate of growfh of WRE fossil fuel carbon emissions between the '’Deflection Date'' and the "Maximum Dat
The rate of growfh (%^t) of fossil fuel carbon emissions between the "Deflection Date" and the "Maximum Date,"

^ PgC/yr fossil fuel carbon emissions on the date of maximum totalanthropogenie carbon emissions.
' Rate of decline in fossil fuel carbon emissions, in percent per year, over the first 75 years following the date of maximum emissio 
350 ppmv not defined as it requires a negative net emission.

Table 1



Table 1 also shows the relationship between various emission pathways and their impacts 
on various levels of atmospheric concentrations. For example, it illustrates that assuming the 
“Tech+” emission scenario, that global emissions must begin to deflect downward in the year 
2013 to meet the 550 ppm concentration goal. It also shows the growth rates, rates of decline and 
maximum allowable emissions on a global basis for various emissions pathways and their 
corresponding concentration goals.

II. DEVELOPED AND DEVELOPING COUNTRY EMISSION TRENDS

Figure 4 presents current and projected emissions of carbon dioxide for developed and 
developing countries. Of the current emissions of roughly 6 billion tons, approximately two- 
thirds are from developed and one-third from developing countries. The U.S. is currently the 
largest emitter of carbon dioxide, with China the second largest source. However, on a per 
capita basis, the U.S. emits about 5 tons of carbon per capita, compared to an average of 
approximately 4 tons per capita in Japan and Western Europe, and 0.5 tons per capita for 
developing countries. While per capita differences remain large over time, by the middle of the 
next century, developing countries would become a source for more than half of total global 
emissions.

[INSERT FIG 4: shows developed and developing country emissions over time under a business
as usual scenario.]

III. ILLUSTRATIVE EMISSION REDUCTION SCENARIOS

Limited mid-term actions to reduce emissions by developed countries alone have little 
impact on shifting the atmospheric concentrations curve. Figure 5 shows the small change in 
concentrations if Annex I (developed countries) freeze emissions at 1990 levels in the year 2010.
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Figure 6 illustrates two possible emissions profiles for developed countries. Both 
scenarios assume a freeze in emissions at 1990 levels in 2010. In one scenario emissions are 
then reduced by 2.5% per decade and in the second scenario they are reduced at 7.5% per decade. 
The figure compares these scenarios with the TECH+ scenario from the IPCC.

FIGURE 6
[see second to last page]

Figures 7 and 8 start with the developed country emission scenarios described in figure 6.
These figures look at reductions that developing countries would have to take to limit global 

concentrations to 450 ppm, 550 ppm and 650 ppm. Figure 7 assumes that developed countries 
freeze emissions in 2010 at 1990 levels and then reduce emissions further at 2.5% per decade. It 
shows the level of allowable emissions for developing countries compared to their baseline (no 
action) case compared to the level of allowable emissions the goal were to stabilize atmospheric 
concentrations at 450, 550 and 650 ppm. This figure shows that to achieve stabilization at 550, 
developing countries would be able to emit on their currently projected path until about 2020 

before significant reductions would be required. Figure 8 illustrates a similar case but assumes



that developed countries freeze at 2010 at 1990 emissions but then reduce at 7.5% per decade.

Allowable Non-Annex I Emissions
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Figure 9 shows the per capita emissions for both developed and developing countries that 
result from the scenarios described in the previous two figures. It shows that under these



scenarios, developed country emissions stay substantially greater than those in developing
countries.

FIGURE 9
[see last page]

IV. THE ROLE OF TECHNOLOGY AND IMPACTS ON COSTS

As suggested in Figure 1, the rate of technological change can play a very important role 
in determining the level at which atmospheric concentrations can be stabilized. Figure 10 looks 
specifically at the costs associated with different technology cases. It looks at three specific 

cases;

— 1990 tech: assumes no technological change from 1990

— 1990 tech +: assumes significant improvements in reducing the costs of
alternative fuels and in improving efficiency;

— Advanced tech: assumes even further advances and cost savings.

A description of key assumptions for the latter two cases is included as Appendix 1.

Figure 10 shows for each of these technology cases, the total costs associated with 
achieving three different levels of atmospheric concentrations: 550, 650 and 750 ppm. The 
estimated costs under the assumption that no technological progress is possible were found to be 
about $12 trillion or 1.2% of total world GDP, compared to $1 trillion or 0.12% of GDP 
assuming substantial progress in reduction technologies. In the advanced technology case, which 
assumes very substantial non-fossil alternatives will be available by 2020, the cost virtually 
disappear. However, the assumed cost and performance of the alternative technologies would 
only become achievable with significant increases in research and development investments.
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Substantial technological progress aimed at reducing the costs of emission reductions is 
critical for several reasons. It would result in lower costs to the U.S. economy, both in terms of 
reductions made domestically and in the costs of a reductions obtained abroad through any 
emissions trading regime. Reducing the costs of alternatives is also critical to limiting future 
emissions from developing countries, particularly those with large fossil fuel reserves. Finally, 
expanding the technological frontier offers U.S. industry significant potential opportunities for 
expanding our industrial base both at home and abroad.

APPENDIX

KEY ASSUMPTIONS ABOUT TECHNOLOGY SCENARIOS:
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u End-use (AEEI) Improves @ lYo/yr.
u Conventional Fossil Fuel Power Generation

Improves @ 1%/yr.
u Non-Fossil Power Sources Improves @ 

4.5%/yr, 1990 to 2025, 1.25%/yr thereafter.
u Biomass Energy Improves @ 1%/yr.

ADVANCED ENERGY 

TECHNOLOGY
u ADVANCED SOLARAVIND/FUSION

Y The cost of Solar/wind power reaches a busbar cost of 
$0.04/kWh by 2020 and

Y the cost decreases at 0.5 percent/year thereafter.
U LOW COST BIOMASS

Y By the year 2020, 20% of the biomass resource is 
available at $1.40/GJ, and

Y 80% is available at $2.40
U ADVANCED LIQUEFIED HYDROGEN FUEL CELLS 
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Role of Technology and Market Transformation In a National Policy to 
Limit Greenhouse Gas Emissions

Energy-efficient technologies provide a sizable opportunity to limit emissions of greenhouse gases 
while simultaneously enhancing economic productivity. However, to capitalize on this opportunity, 
the U.S. needs to overcome market barriers that have directed the country along a less-than-oplimal 
energy efficiency path to date. This paper discusses the need to support current market 
transformation programs in order to capture the economic benefits of increased energy efficiency 
This paper also discusses the potential for additional initiatives to provide further efficiency and 
economic improvement.

Market transformation policies would be a cornerstone of a national policy to limit greenhouse gas 
emissions, and would be complementary to other policies designed to implement whatever targets 
and timetables (emissions budgets) the U.S. adopts under the climate change negotiations. Some 
energy efficiency improvement would result from a clear policy signal on climate change and 
energy.’ However, even highly effident forms of regulation, such as cap and trade, do not address 
underlying market barriers that would restrain the energy-efficiency response to these policies. 
Failure to fix these barriers would result in a higher cost of the national policy than is necessary

Policies that can unleash more of the potential of energy-efficient technologies are important 
because they allow a smoother and less costly transition to meeting a carbon constraint. In 
addition, greater energy effidency will enhance the economy by generating productivity investments, 
Paying energy bills is a relatively less productive use of consumer and business resources than the 
many other investments and spending choices that consumers and businesses have available to 
them.^ Shifting capital from wasted energy expenditures to new investments will therefore help 
drive economic growth, employment and consumer income. Further improvements in productivity 
and competitiveness can occur due to the substantial ancillary benefits of advanced technologies 
and processes in the industrial sector.^ Several major studies support the economic value of 
improved energy efficiency:

• Most recently, the Energy Information Administration released an energy efficiency report 
based on the Annual Energy Outlook 1996. The study suggests that a reduction in U.S. 
energy consumption of 12 percent (by the year 2015) would increase GDP by 0.5 percent.

• Additional studies by the National Academy of Sciences, the Office of Technology 
Assessment, and the American Council for an Energy-Efficient Economy jointly with the 
Union of Concerned Scientists and others) have all demonstrated that the technological 
potential exists to cut energy consumption by 20% or more at a net economic benefit.^

However, there is clear evidence that this potential is not being realized in the current market 
system because of a number of institutional, organizational, and other barriers that work against the 
diffusion of existing, energy-efficient technologies and the development of advanced technologies. 
Many cost-effective, energy-efficient technologies have relatively small market shares and low rates 
of technology diffusion. There is a sizable remaining potential, or “efficiency gap.”

“* PRE-DECISIONAL DRAFT - Do Not Cite or Quote *** 
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Market Barriers Constrain the Markets for Energy-Efficient Technologies

The existence or availability of a financially attractive technology does not by itself mean the 
technology will be purchased and used in sizable quantities. For high rates of market penetration, a 
number of other key factors have to be in place:

► Potential buyers of products need to know of the technology;
► Potential buyers of products need clear, reliable information on the performance and economic

benefits of the technology;
► Potential buyers must be the ones to see the benefits of lower energy bills; and
► Service providers and users of the technologies must have expertise to appropriately design

for, install, and operate the technology.

In many cases, these factors are not in place due to a wide variety of market barriers. For example, 
the attached table provides a list of market barriers in the buildings sector.

These barriers result in consumers and businesses ignoring otherwise cost-effective investments in 
energy-efficient technologies. Consequently, many cost-effective, energy-efficient technologies 
have relatively small market shares and low rates of technology diffusion. There is a sizable 
remaining potential, or "efficiency gap.” For example, fluorescent lighting ballasts were found in 
almost every commercial building in 1989. Energy-efficient ballasts had been on the market for 
many years, were based on well-known, proven technology, delivered equivalent performance to its 
inefficient counterpart, and had a longer lifetime. Although purchases of efficient magnetic ballasts 
in 1989 represented investments with IRRs of 60% or greater, only about 12 percent of the market 
had found the technology and about 24 percent of the market was purchasing the technology due to 
state standards. The remaining 64 percent of the market was purchasing less efficient technologies 
and committing themselves to much higher operating expenses over the life of the ballast. This 
remaining 64% represented a large efficiency gap for building lighting.

The benefits of removing the barriers to the penetration of products such as efficient ballasts extend 
beyond their direct energy and cost savings. There is a substantial ripple effect that further 
increases the potential for energy-efficient technologies. First, overcoming barriers to diffusion of 
toda/3 technologies improves the manufacturers' incentives to invest in R&D needed for the next 
generation of technologies. This leads to new technologies that expand the potential for future 
energy savings. Second, as sales and production experience increases for efficient technologies, 
both the fixed and variable costs of production generally fall, reducing the cost of the technology to 
the end-user. This "learning by doing” increases the cost-effectiveness of energy-efficient 
technologies and expands the potential for greenhouse gas reductions.

Current Programs Are Overcoming Many Barriers to Energy Efficiency

A number of market transformation programs are currently underway. The Administration's Climate 
Change Action Plan (CCAP) launched over 40 initiatives in 1993. Building on other DOE and EPA 
programs, the CCAP's goal was to return U.S. greenhouse gas emissions to 1990 levels by the year 
2000. Despite large funding cuts, the CCAP programs are successfully overcoming market barriers 
and are currently expected to deliver approximately 3/4 of the emissions reductions originally 
projected in the CCAP. With continued support beyond the year 2000, these programs will 
significantly restrain growth in U.S. greenhouse gases through 2010 and beyond. Current 
Administration projections indicate that around 1/3 of total emissions growth through 2010 will be 
avoided by the CCAP programs.

*** PRE-DECISIONAL DRAFT — Do Not Cite or Quote *** 
January 31,1997



■16:02 JPN 31, 1997 ID: flppD FAX 2 TEL no: 202-233-95— #18659 Ph'I-E: 4/9

For example, DOE’s Rebuild America program and EPA’s Green Lights and Energy Star®
Buildings programs are demonstrating that many of the barriers in the commercial buildings sector 
can be overcome. These programs have formed over 2500 partnerships to improve energy 
efficiency in buildings by up to 40% through technology investments with annual rates of return of 
20-50%. Program partners saved over $250 million on their energy bills in 1996. Because the rates 
of return are so high, they offer increased yields to businesses over typical investment opportunities, 
spurring new investment, economic growth, increased federal tax revenues, and new jobs.

Additional programs are working successfully in other energy markets. For example, through EPA 
and DOE’S Energy Star Consumer Labeling program, barriers that consumers have faced are 
being removed. These efforts ask manufacturers to label their more efficient products as 
consumers are provided with information on these products’ environmental and economic benefits. 
Through 1996, this program has seen thousands of products labeled and billions of dollars invested 
in^ENERGY Star products. Consumers saved approximately $500 million on their energy bills in

From a federal government budget perspective, market transformation programs are a cost- 
effective means of achieving change through government intervention. For every dollar spent on the 
programs by the government, approximately $40 of private investment in better technologies is 
leveraged, leading to energy cost savings of approximately $100^ Total expenditures on CCAP 
programs in 1997 is $183 miliion.

Areas of Opportunity to Boost Economic Growth Whiie Reducing Greenhouse Gas Emissions

A successful strategy to reduce greenhouse gas emissions while improving the economy would 
include:

(1) Restored full funding of CCAP programs, with a sustained commitment to these programs 
beyond the year 2000.

(2) New initiatives to overcome additional market barriers throughout the economy.

Because the CCAP’s focus on the year 2000 limited the options that were impiemented, a ionger 
term goal would provide significant new opportunities to overcome remaining market barriers.
Some of these areas of opportunity are discussed below. An interagency effort is underway to 
assess potential initiatives to address these opportunities and to develop a national market 
transformation plan that effectively narrows the efficiency gap by 2010 and beyond. Example 
approaches mentioned below are illustrative of the types of initiatives that may be inciuded in a final 
plan.
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Opportunities in the Commercial and Residential Sectors

The commercial and residentiai sectors are the focus of several successful CCAP programs, such 
as the Energy Star consumer labeling programs, the Rebuild America program, and the Green 
Lights and Energy Star Buiidings programs. These programs overcome important informationai 
and other barriers. There remain eppcrtunities to everceme additional market barriers and aohieve 
greater efficiency. For example:

Builder/Buyer Split Incentives -- Key decisions on building specifications and equipment 
replacement are often left to builders and architects who do not pay the energy bilis and have 
little or no incentive to choose and apply proven, state-of-the-art technologies and designs. 
Builders and architects as well as building owners have expressed a desire for a means of 
providing reliable and impartial energy performance information for commercial buildings. This 
would allow building purchasers to make informed decisions and demand good energy 
performance. CCAP programs in this sector have buiit the reputations and deveioped the 
technical expertise that would be needed to address this barrier.

Landiord/Tenant Split Incentives - in landlord-tenant arrangements, the building owner often 
makes long-range investment decisions but does not pay the energy bills for the property. In 
these situations, the owner will not invest in energy efficiency opportunities in spite of excellent, 
low-risk financial returns. An initiative that could improve leasing practices could help to 
eliminate this important barrier. For example, an initiative that provided reliable information on 
energy performance to potential tenants would correctly align the market incentives.

Energy Information - Empowering consumers and businesses to save money and preserve the 
environment requires that they be property informed about energy choices. One available 
vehicle for better information is their monthly energy bills. Better information could include 
benchmarking comparisons showing how their bill measures up to model, cost-effective 
efficiency and to other customers. It could also include information on the overall efficiency and 
renewable components of the customer’s power provider.

Opportunities in the Industrial Sector

Current government efforts in the industrial sector include a strategic set of programs focusing on 
both short-term and long-term efficiency and productivity improvements. For example, the Climate 
Wise program encourages greater efficiency, and DOE’s Industries for the Future is working with 
key industrial sectors to bring new technologies to market through 2020. The announcement of a 
new climate policy would create a large opportunity to work more aggressively with industries on 
early reductions in greenhouse gas emissions through available technologies.

In addition, there is an important new opportunity to facilitate the use of efficient distributed 
generation technologies. Small-scale cogeneration of heat and power, as well as renewable 
technologies, are attractive options for many industrial sites (as well as large commercial sites) 
around the country, and ongoing efforts by DOE continue to improve their competitiveness. These 
technologies can provide electricity on-site with relatively low carbon emissions (compared to fossil 
fuel utility plants). But distributed generation has not been embraced largely due to a range of 
economic disincentives arising from the structure of the regulated utility industry. The deregulation 
of the electric utilities is therefore opening important new opportunities for these technologies. 
However, the dampening effect of the historic difficulties in implementing distributed generation 
projects as well as the confusion of the new market place (due, for instance, to the unproven 
reputations of a host of new players) will likely continue to restrain growth in efficient distributed
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generation. Programs that could provide reliable information and technical guidance could bridge 
the transition from a regulated to a more effective market. The structure of a new climate change 
policy could present additional opportunities to further encourage efficient distributed generation 
technologies.

Cross-cutting Opportunities

A number of additional opportunities exist across all sectors of the economy. For example:

Financing for Energy Efficiency Investments - Large companies often rely on their own capital 
for new investments and yet are reluctant, due to organizational barriers, to use that same 
capital for investments in efficiency (even though they offer impressive rates of return). Small 
to mid-size businesses and consumers have little access to capital to begin with, and they have 
a difficult time obtaining reasonable financing. Consequently, in all sectors of the economy, 
there are significant opportunities for efficiency improvements that could be made if financing 
designed specifically for energy efficiency investments were widely available. Previous 
opportunities to achieve a public good through organizing financial markets have been 
addressed by creating a secondary financing market through "Government sponsored 
enterprises” (GSEs), like Fannie Mae, Freddie Mac or Sallie Mae. These GSEs purchase 
particular types of loans (e g. home mortgages, student loans) from primary lenders, such as 
commercial banks and mortgage companies, and bundle these loans for sale in the secondary 
security market to investors.

Incentives Through a Domestic Greenhouse Gas Policy ~ A new U.S. climate change policy 
would provide unique opportunities to provide further incentives to improve the penetration and 
innovation of energy efficiency and renewable technologies. In addition to constraining the 
diffusion of existing technologies, the market barriers discussed in this paper also lead to under 
investment in private R&D for the next generation of technologies. Because consumers and 
businesses undervalue the energy cost savings of new technologies, manufacturers see little 
reward from efficiency innovation and do not invest sufficiently in R&D. As barriers to the 
diffusion of existing technologies are removed, private R&D will increase, but not sufficiently to 
maintain a sustainable emissions pathway. For this reason, federal R&D efforts are important 
to long-range environmental and economic success (see the paper on “Research and 
Development”). A new climate change policy provides additional opportunities to stimulate 
increased private R&D by providing more direct incentives. This could work in a number of 
ways. For example, under a domestic trading system with a cap on greenhouse gas emissions, 
a reserve of allowances or a portion of auction revenues could be set aside to reward new R&D 
Investment and production of efficient and renewable technologies.

Business Accounting Practices - Currently, companies ignore future energy iiability and 
undervalue the benefits of investments in energy efficiency. When a firm invests in energy 
efficiency, the accounting shows only a liability, and there is no recognition of the reduction in 
future energy expenditures. With the longer term focus beyond 2000 and a clear policy signal 
on energy, it may be possible to work with businesses to develop new practices that more 
accurately reflect energy liabilities. Strategic improvements to tracking demand and use of 
energy resources would allow firms to identify and capitalize on profitable improvements that 
are currently hidden in the noise of corporate financial data

Government Procurement - In addition to providing a strong energy signal to businesses, a 
new climate policy will create additional opportunities for coordinated government action in 
promoting efficient technologies. Programs like ENERGY STAR Computers have benefited
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6

significantly from federal procurement policy in the past, but innovative initiatives are often 
difficult because of decentralized and sometimes restrictive procurement policies. The federal, 
state, and local governments together purchase a sizable portion of energy-consuming 
technologies. Harnessing the combined purchasing power of all levels of government could be 
an important opportunity to provide large markets for efficient and renewable technologies. This 
would provide a strong incentive for increased R&D; reduce the cost of production of these 
technologies (due to the effects of “learning by doing”); demonstrate the successful 
performance of new technologies; and make all participating governments more energy 
efficient.
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END NOTES

1. Under the 1987 Montreal Protocol to limit stratospheric ozone depletion, the U.S. required the 
phase out of the production of CFCs by 1996. Early analyses suggested that the cost to reduce 
CFC use by 50% would be $3.50 per kilogram. By 1990, it became clear that CFG use could be 
entirely eliminated by 1996 at a cost of $2.45 per kilogram. The technological innovations that 
have reduced the cost were made possible by a tradeable permit regime, but were spurred by 
the clear policy signal of the Montreal Protocol and by government efforts working with 
manufacturers.

2. In 1992, the American Council for an Energy-Efficient Economy (ACEEE) applied input-output 
economic modeling to measure the impact of the Market Case in their study, America's Energy 
Choices. They found that the projected 20% decrease in energy use (from baseline growth) 
would lead to the creation of one million new jobs (net, an increase of 0.7%), a 0.5% increase in 
personal income, and a 0.1% increase in GDP. [See Laitner, Skip. “Energy Efficiency as Both a 
Climate Change Action Strategy and an Economic Development Initiative for the United States,” 
Proceedings from the June 1996 White House Oimate Change Analysis Workshop.] Also, new 
energy efficiency investments should be seen as a down payment toward economic well-being 
Michael Porter, a professor at the Harvard Business School, notes that "the underlying cause of 
sustained national advantage is improvement and innovation” [Porter, Michael E., The 
Competitive Advantage of Nations (New York, NY: The Free Press, 1990), page 652].

3. Many industrial efficiency improvements also offer important productivity benefits. As an 
example, in 1990 a North Carolina textile firm installed a radio frequency dryer to replace a gas 
dryer which was used to dry cashmere wool. The project reduced the energy required for drying 
by almost half, and reduced fibre loss from over drying by more than 5 percent. The energy 
savings was about $0.05 per pound of cashmere was more than $1.50 per pound. While the so- 
called “cashmere effect” at first may seem to be an extreme example of larger productivity 
benefits, it is not a case in isolation. Indeed, many other examples can be cited. For instance, 
the average total annual savings from efficiency projects from the Louisiana Division of Dow 
Chemicals were 3 to 13 times as large as the energy savings alone. Based on this example and 
other industrial experiences looking at groups of projects, the average total savings can be 
assumed to be as high as 4 to 6 times as large as the energy savings for projects that are 
implemented.

4. The Office of Technology Assessment (1991) study indicates a potential of over 400 MMTCE 
of reductions possible through 2010 or 2015 with a net savings to the economy. The National 
Academy of Sciences (1991) study shows as much as 450 MMTCE potential for emissions 
reductions at a cost savings. America’s Energy Choices (1990), a study by the ACEEE, the 
Union of Concerned Scientists and others, concluded that energy use could be cut by over 500 
MMTCE in its least aggressive "Market Case,” in which only cost-effective investments are made.

5. Derived from cunrent information on the Green Lights program. The original CCAP estimated 
even higher returns for all of the CCAP programs combined; $75 in private investment and $300 
in energy savings for every $1 spent by the government on CCAP programs. Energy savings are 
cumulative through 2010. All numbers are undiscounted.
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Historical Forces Leading to Market Barriers to Energy EfFiciency in the Buildings Market

Type of Barrier iNature of Barrier Examples of Barrier
Imperfect Competition

Natural Monopoly Economies of scale Electric utilities
Market Power (Monopoly and 

Oligopoly)
Bargaining power; Interdependent conduct Uniqueness of building location; few development firms in one area

Anti-Competitive Conduct Collusion; predation Manipulation of permit process to the detriment of competitors
Information Availability

Information Costs Transaction costs High cost of customized audit (cheaper if done en masse); collecting product info; 
finding credible information sources

Asymmetric Information Unequal bargaining Developer's superior knowledge of building
Misinformation Misinformed exchange Belief: "no efficiency increase is possible"
Lack of Information Uninformed exchange No knowledge of efficient technologies

Economic Non-Rationality
Bounded Rationality, Satisficing Using rules of thumb to reduce transaction 

costs; not maximizing profits
Ignore costs that are < 5% of rent; use a two year payback: seek acceptable profits

Other Non-Rationality Cultural reasons for taking actions that affect Preferring energy production to cost-cutting because it is more congruent with
business practice management culture

Risk Aversion Resistance to change Avoid changes in suppliers and technologies; avoid new technologies
Side Effects Negative externalities from power production
Split Incentives Utility costs not paid by purchaser and user of 

equipment
Landlord-tenant problem; builder-buyer problem

Public Goods
R&D Non-excludability, zero marginal costs Too little R&D performed
Expertise and Training Non-excludability, zero marginal costs Too little training on efficient design, installation and maintenance; too little information 

dissemination
Cash Flow Constraints Lack of access to capital
Regulatory Distortions

Regulatory Bias More profits for energy production than for 
efficient use

Utility reluctance to install conservation even when cheaper than new supply

Average Cost Pricing Price signals do not reflect cost, leading to 
inefficient usage

Utility regulation in the US

Buflding Codes Obsolete codes and poor code enforcement Local US building codes contain requirements that interfere with efficient construction;
inhibit innovation and efficiency: # of 
inconsistent codes inhibits achieving 
economies of scale

thousands of building codes in the US
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Using Standards and Regulations to Reduce Greenhouse Gas
Emissions

Introduction
Limitations on greenliouse gas emissions could take the form of standards and 

regulations. This paper lays out the broad policy options available for limiting emissions 
using standards and other measures, but does not analyze the costs and benefits of 
particular options. Standards to limit greenliouse gas emissions could take the form of:

• Minimum energy efficiency standards for energy consuming equipment; Historically, 
these have targeted apphances and other residential and commercial equipment, as 
well as personal transportation (i.e., the Corporate Average Fuel Economy (CAFE) 
program).

• Other measures: These can take many forms and could include minimum purchase 
requirements for renewable sowces of electricity, demand side management programs 
(which mandate electric utilities to undertake information and energy efficiency 
subsidy programs), federal spending rules for transportation infrastructure, and federal 
procurement policies.

• Direct limits on greenhouse gases: Standards could specify allowable greenhouse gas 
emission levels per unit of output (or some other factor). For example, a powerplant 
could face a limit on the amount of carbon dioxide emitted per kilowatt of electricity 
generated. Another example is methane from some landfills, which is already 
controlled due to limits on emissions of volatile organic compounds.

Within any program of standards, flexibility could be introduced by allowing 
those who perform better than the levels prescribed by the standards to trade their 
resulting “credits” with others, thereby reducing costs. Such a program could share many 
of tire characteristics of an emissions trading program.

Flgun 1: U.8. Enofny.nHai«d Fsull Fual EmKslona BySoctor 
HI«otl°»l (1850-1985) and FfolaaladUOM-iOIS)

Tranaportallon

Figures 1 and 2 
summarize sectoral COj 
emissions (with and without 
emissions associated with 
electricity). As indicated, with 
respect to direct emissions, 
electric utilities account for about 
one-third of total COj emissions, 
transportation for about one third, 
roughly one fifth for industry, 
seven percent for the residential 
sector, and about 4% for the
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commercial sector. If electric utility emissions are attributed to final energy consumers, 
then industry’s share rises to about one tliird and the residential and commercial sectors 
each account for 15-20% of the total.
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Energy Efficiency Standards 

1. Appliance Standards

Standards for energy consuming equipment can expand markets for such 
technologies, help to reduce information barriers and can lower consumer’s decision 
costs. Standards can also provide incentives to private research and development by 
reducing uncertainty in the market. U.S. homeowners spend $110 billion each year to 
power home appliances. These uses account for about 70% of all the primary energy 
consumed in homes.

During its typical 10-15 year lifetime, an appliance’s operating costs may exceed 
its initial purchase price several times over. Nevertheless, many consumers do not 
consider energy efficiency when making purchases. Manufacturers are often reluctant to 
invest in more efficient technology that may not be accepted in the highly competitive 
marketplace.

Recognizing the great potential for energy savings, many states began prescribing 
minimum energy efficiencies for appliances. Anticipating the burden of complying with 
differing state standards, manufacturers supported the development of federal standards 
that would preempt state standards. Federal standards provide a high degree of certainty 
for energy savings and achieve higher penetration rates for efficiency gains than 
voluntary, educational or incentive programs.
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In 1975, the U.S. Congress established a program of test procedures, energy 
conservation standards, and labeling for certain major household appliances including 
refrigerators, freezers, air conditioners, water heaters, furnaces, dishwashers, clothes 
washers, clothes dryers and kitchen ranges and ovens. A 1987 amendment, the National 
Appliance Energy Conservation Act, set the first national efficiency standards for these 
appliances and established a schedule for regular updates by DOE to achieve the 
maximum improvement in energy efficiency that is technologically feasible and 
economically justified.

The Energy Policy Act (EPACT) of 1992 expanded coverage to certain 
commercial and industrial equipment, including commercial heating and air-condifioning 
equipment, water heaters, certain incandescent and fluorescent lamps, distribution 
transformers, and electric motors. EPACT also established maximum water flow-rate 
requirements for certain plumbing products and provided for vohmtaiy testing and 
consumer information programs for office equipment, luminaires, and windows.

Under DOE’s first rulemaking in November 1989, updated standards were set for 
refrigerators and freezers that went into effect January 1993. The Final Rule for energy 
conservation standards for clothes washers, clothes dryers, and dishwashers issued in 
May 1991 became effective May 14,1994.

The initial standards included in EPCA, and those already amended by DOE. are 
expected to save about 23 quadrillion Btus (24.3 exajoules) of source energy from 1993 
to 2015. Current apphance standards have already saved consumers $1.9 billion and will 
ultimately save $58 billion in energy costs over the lifetimes of units installed between 
1990 and 2015.

In addition, more efficient products are more competitive internationally and have 
environmental benefits from reduced atmospheric emissions. The total emission 
reductions of federal appliance standards implemented to date are estimated to be 14.2 
MMTCE in tire year 2000. Further development of standards could result in additional 
reductions.

2. Personal Transportation

Consumers make choices about which type of vehicle to purchase and how much 
they drive their vehicles. There are many attributes that consumers may consider when 
purchasing a vehicle, such as: price, fuel economy, quality, safety, styling, performance, 
reliability, handling, comfort, options, size, etc. Fuel economy can conflict with a 
number of these attributes, and recent surveys confirm that fuel economy is very low on 
die list of attributes that consumers seek today. If the cost to society of greenhouse 
emissions is not reflected in the cost of owning and operating a vehicle, consumers will 
make inefficient choices, a classic case of market failure. One way to incorporate the 
external costs into the prices that consumers face is through regulation.
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Coiporate average fuel economy of new car fleets increased steadily along witli 
increasing CAFE standards througliout the late 1970s until the mid 1980s. Since then, 
new car and light truck fuel economy has been stagnant as new more efficient 
technologies have been applied to performance (which has increased by 60% for all light 
vehicles in the last 15 years) and utility rather than to fuel economy. Absent a driving 
force such as policy changes or fuel price increases, no significant increase in new fleet 
fuel economy is expected to occur. Further, because new vehicle fuel economy has been 
stagnant for several years, the in-use fleet of cars and light-trucks has also nearly reached 
a fuel economy equilibrium.

In fact, the overall in-use fuel economy of the combined new light vehicle fleet 
(i.e., cars and light trucks such as minivans, sport utility vehicles, and pickup trucks) has 
already begun to decline. Each year, about 15 million light vehicles are sold in the 
United States. In the past 15 years, sales of light trucks have skyrocketed. They have 
gone from under 25% of the market in 1982 to almost 45% today. A key reason that this 
shift is important in terms of GHG emissions is that light trucks face lower CAFE 
standards than cars (almost 7 mpg lower). Moreover, since light trucks tend to last longer 
than cars, they are likely to be driven more miles over their lifetime than cars.

In 1994, President Clinton convened a Federal Advisory Committee Policy 
Dialogue to assist in the development of measures to significantly reduce greenhouse gas 
emissions from personal motor vehicles (“CarTalk”). Although CarTalk ended without 
consensus among all members of the Committee, the process did result in a number of 
analyses and proposed policy options. These are summarized in the attachment.

Other Mandates

Standards could also be used to limit greenhouse gas emissions in other sectors of 
the economy. Most prominent among these are:

Electricity Restructuring: There is currently a trend among states to adopt retail 
competition for the electricity industry. This trend could be accelerated with federal 
legislation. Retail competition is expected to lower the price of electricity by as much as 
20-25% in certain regions and change tlie fuel mix of generation. Preliminary EPA and 
DOE analysis indicates that utility greenhouse gas emissions could rise by as much as 2- 
6% as a result. To mitigate the environmental impacts of competition and maintain the 
environmental benefits of current state level renewable and demand side management 
programs, a number of options have been adopted at the state level (for states that have 
already adopted competition) or are under consideration for the rest of the nation. These 
include;

A “portfolio standard” for renewable energy or greenhouse gas emissions; This 
involves requiring that all generators meet a specified level of renewable generation
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The authenticity of the credit generating reductions must be approved by the 
regulating authority at some point. For some sectors, credits could be certified for one 
year only. For exainple, a utility emitting under its limit in a year would generate credits 
equal to the reductions in that year only. These may be sold in that year or banked for the 
utihties or use or future sale.

For other sectors, annual certification would not be feasible. For equipment 
manufacturers, credits would be granted for each piece of equipment sold with 
performance better than the standard. Credits would equal the emissions associated witli 
this improvement for the life of the equipment. It would not be feasible to track each 
piece of equipment that is produced to ensure its continued operation and performance. 
Therefore, lifetimes, usage, and degradation assumptions would need to be stipulated.

Conclusion
There is a long history of government using standards and regulations to address 

market failures relating to environmental externalities, the provision of information, and 
energy security. In addition, the role of government in the provision of transportation 
infi’astmeture and the regulation of natural monopolies is large. Consequently, the 
number of actions could be taken to mitigate emissions of greenhouse gases is’large. 
peso range from direct limits on emissions, to changes in govermnent policies that 
indirectly affect the demand for energy. Given this wide array, choices must be made that 
consider both the costs that such interventions may impose and the resulting reductions in 
greenhouse gas emissions.
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Attachment: Summary of the “Car Talk” Process

In 1994, President Clinton convened a Federal Advisory Committee Policy 
Dialogue to assist in the development of measures to significantly reduce greenhouse gas 
emissions from personal motor vehicles (“CarTalk”). Although CarTalk ended witliout 
consensus among all members of tlie Committee, the process did result in a number of 
analyses and proposed policy options. In 1995, several members of the CarTalk 
Committee published a “Majority Report" that contains a package of recommendations to 
return greenhouse gas emissions from light vehicles to their 1990 levels in each of three 
target years: 2005,2015, and 2025. Their recommendations include a mix of regulatory 
and other options in three key areas (fuel economy, alternative fuels, and VMT) that are 
designed to v/ork together to achieve the objective. Separately, other members of the 
Committee issued a “Report Acceptable to Auto Industry Members” that includes a 
different set of options to achieve the same objective.

There are essentially three ways to reduce carbon emissions from light vehicles: 
improve fuel economy; use fuels with lower life-cycle carbon emissions; or reduce miles 
driven. The regulatory options considered by the Committee and recommended in the 
Majority Report or the Report Acceptable to Auto Industry Members are described below. 
As both reports point out, it is important to keep in mind that there is no “silver bullet” 
for reducing greenhouse gas emissions from light vehicles. Instead, a package of options 
designed to complement each other is likely to be the most effective in reducing 
emissions.

Fuel Economy Measures

The regulatory approach recommended in the CarTalk Majority Report calls for 
increased CAFE standards, combined with feebates. Taken together, these measures 
were estimated to reduce emissions by 39 MMTCe in 2005,121 MMTCe in 2015, and 
179MMTCein2025.

Increase CAFE; The Committee estimated that a 1.5 mpg per year increase in the CAFE 
standards (average for combined car and light truck fleet), beginning in 1998, would 
reduce emissions by 36 MMTCe in 2005. This corresponds to 45 mpg for new cars and 
34 mpg for new light trucks in 2007; a 1.0 mpg per year increase would reduce emissions 
by 117 MMTCe in 2015.

Introduce feebates for fuel economy: A feebate structure for fuel economy would 
require rebates proportional to the extent to which a vehicle’s fuel consumption is lower 
than average and would assess fees to the extent to which fuel consumption is higher <han 
average. Since carbon emissions are inversely proportional to fuel economy, feebates 
could also be based on relative carbon emissions per mile. The Majority Report also 
discusses introduction of feebates for after-market low rolling resistance tires. Tire
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The Report Acceptable to Auto Industry Members called for many of the same 
measures outlined above, witli very important exceptions. This report does not include 
incre^ed CAFE or feebates, but does recommend either a gasoline tax or VMT fee, and 
additional research and development funding.

Gasoline Tax: The Report Acceptable to Auto Industry Members states that increasing 
the variable cost of driving will provide an appropriate and effective incentive for 
Americans to drive less, use less fuel, and produce less C02, and for improvements in 
fuel economy. The revenues could be returned to the public or costs could be shifted so 
that total driving costs do not increase but rather the proportion of driving costs that 
motorists perceive to vary with number of miles driven. The Report Acceptable to Auto 
Industry Members estimates reductions from a gasoline tax increase of 4 cents per mile 
per year (above inflaUon) at 54 MMTCe in 2005,119 MMTCe in 2015, and 202 MMTCe 
in 2025.
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The Role of R&D in Limiting Greenhouse Gas Emissions

Achieving greenhouse gas levels that are not harmful to humans or the environment will require major 

advances in technology in every sector of the economy. Fortunately the necessary advances are within 

plausible pathways of current research and development efforts. Federal R&D is already pursuing most 

of the important C02-mitigating technologies because they provide other benefits to the Nation that have 

long been the basis of national policy, such as achieving dramatic reductions in the criteria air pollutants 

and other environmental harms; decreased dependence on foreign oil; increased competitiveness of 

domestic industries and reduced inflation; and leadership in industries likely to achieve an international 

market of several hundred billion dollars per year in the next century.

Achieving these goals will nonetheless be difficult at a time of constrained federal spending and sharp 

reductions in long-term private sector R&D. Since 1978, federal investment in energy R&D has declined 

75%. Energy R&D investment by industry fell 33% from 1983 to 1993; the electric utility and the gas 

industry have cut their R&D investments sharply. Industry as a whole has reduced its basic and applied 

research from 27% of its total R&D in 1988 to 17% in 1994.

The need for major technology advances can be seen from the following equation;
Emissions = Population x Affluence (GDP/capita) x Technology (Emissions/GDP)

From 1990 to 2060, we may well see global population double and affluence increase by a factor of 

four. At the same time, the world may ultimately need to lower emissions from 1990 levels, requring 

the average emissions-related technology to improve by more than a factor of ten during the next few 

decades and then be rapidly deployed throughout the world.

Any R&D effort is intrinsically valuable but inherently risky. We can confidently expect significant 

benefits (based on empirically high returns on federal, private or blended investment) and some
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unexpected benefits: much of the gas turbine technology that is today generating cleaner, low-cost 

electricity had its roots in government-funded work on jet engines. We cannot predict ahead of time the 

technology "winners" from R&D. The operational risks are making premature decisions that are actually 

technical or economic dead ends (the breeder reactor or synfuels). At the other extreme, underfunding 

the most promising areas, as we did during the 1980s in energy efficiency and renewable energy R&D, 

misuses scarce resources while foregoing substantial progress. Lessons learned form the the past two 

decades have shaped our current R&D strategy, which chart a middle course between the two extremes.

This paper will examine the most promising R&D for mitigating C02, focusing on four strategic thrusts: 

(1) Clean power generation, (2) Energy efficiency, (3) Carbon .sequestration accompanying a transition to 

a hydrogen-based economy, and (4) Very advanced research, such as superconductivity, nanotechnology, 

and photosynthetic mechanisms. Responding to the climate problem may require breakthroughs in all of 

these areas. The high-risk nature of R&D requires the pursuit of multiple pathways. Successful (i.e. low- 

cost) climate stabilization will require accelerated diffusion of existing low-C02 technologies by 2010 

(see Market Transformation" paper); significant penetration of new very-low-C02 technologies from 

2010 to 2020 (which is the period of greatest economic risk in the current negotiations); followed by 

deployment of near-zero-C02 technologies in the succeeding decades (where the possibility exists of 

fundamental alterations in the energy system).

If these R&D efforts are to succeed, the government's current R&D spending in these areas, roughly $1.3 

billion, will need a large boost. Also, partnerships with industry, market pull, improved regulations, and 

other policies will be required to ensure technological success and accelerated market penetration. The 

benefits could be enormous, including the avoidance of the costs associated with the other approaches to 

C02 mitigation—higher taxes and regulation. A 1997 study by Pacific Northwest Laboratory found that 

developing and deploying advanced technologies over the next 15 to 30 years could lower the present 

value cost to the global economy of stabilizing the atmosphere at 550 ppm C02 from one trillion dollars
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down to nearly zero.

Clean Power (leneration
Natural gas technologies now set the benchmark for low cost, cleaner power generation. But a spectrum 

of renewable technologies are becoming competitive: photovoltaics (PV), which convert sunlight into 

electricity, have dropped from 90 cents per kilowatt-hour in 1980 to under 20 cents today while wind 

power has dropped from 25 cents per kWh to 5.

Advances in natural gas turbines will yield overall energy conversion efficiencies of 60% or more in the 

next decade, doubling the efficiency of traditional coal-fired plants. Fuel cells, which generate electricity 

directly from hydrogen derived from fuels such as natural gas, are promising, because of their high 

efficiency and low emissions. High temperature fuel-cells, such as molten carbonate and solid oxide, may 

have significant application in power generation with further R&D. Molten carbonate fuel cells are 

expected to reach 50-60% efficiency by 2000, and perhaps 70% by 2005.

High efficiency coal-fueled power plants, such as integrated gasification combined cycle (IGCC) are now 

being demonstrated at efficiencies (40 to 43 percent) that are competitive with more traditional coal fired 

power plants but with much lower emissions, including 35-45% lower C02 emissions. The efficiency of 

the next generation IGCC plant could exceed 55%, and, in combination with a fuel cell, achieve 60% by 

2015.

While electricity from fossil fuels continue to become cleaner and cheaper, expanded R&D and 

deployment could make a number of renewable technologies competitive on purely economic grounds in 

the next two decades: wind power, PV, biomass power, PV, biomass power, solar thermal, and 

geothermal. In a greenhouse-gas constrained world, these zero-C02 emitting sources of power would be 

even more competitive. One plausible set of prices over the next two decades is shown in Figure 1 (from 

Royal Dutch/Shell).

These cosUreductions will occur not just because of R&D, such as advances in thin film PV, but also
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through economies of scale and improvements in manufacturing that come with increased production. 

Both wind and PV are experiencing a 207c cost reduction for every doubling of cumulative production.

Therefore, a key element of a low-C02 power generation strategy is to increase the market penetration of 

technologies such as PV and fuel cells. 'Fhat strategy needs an international component, since many 

renewables are cost-effective texlay in countries without an electricity grid. Domestically, the Climate 

Change Action Plan contains a number of measures to reduce costs through accelerated deployment for 

wind, PVs, geothermal, and fuel cells. Besides lowering costs, many of these efforts give utilities 

experience using these new technologies in niche markets, helping to remove barriers to irtore expanded 

use in the future as the technology improves. The old linear model of R&D, where research could be 

divorced from applicatiim, must be throv/n out if we are to achieve the desired end; rapid market 

penetration of clean technologies.

A new government partnership with utilities may be necessary, as the industry is reducing R&D and 

deployment of renewables and fuel cells in the face of increased competitive pressure and the prospect of 

a more competitive, restructured industry, which in turn drives short-term cost-cutting efforts. 

Congressional legislation to restructure the utility industry may well be enacted in the next two years and 

that will be a crucial opportunity to find alternative means to support R&D and deployment of low-C02 

power.

Nuclear power plants emit no COj. Today, the United States operates 109 nuclear power plants, which 

provide about 22% of our electricity (second only to coal). Between 1973 and 1994, our nuclear power 

plants enabled the U,S. to avoid about 1,700 million metric tons of carbon emissions. Nuclear’s 

contribution to reducing global climate change gases is increasing. As U.S. plants become more efficient 

over the next decade, they will reduce carbon emissions more than any other single source. Just since 

1994, increases in nuclear power plant availability have reduced annual carbon emissions by 25 million
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metric tons. Today, U.S. nuclear plants operate about 807r of the time and may reach 85% by the end of 

the decade. Every one percent increase in utility-wide nuclear power plant availability results in an annual 

reduction of carbon emissions of nearly two million metric tons.

To keep nuclear power a viable option for future electricity production, the Department has developed a 

program to address critical technology issues that could impact the continued operation of U.S. nuclear 

power plants. Nearly completed is a program to complete and gain Nuclear Regulatory Commission 

certification of advanced nuclear reactor designs. Nuclear plants similar to these advanced designs have 

been built or are under construction in countries such as Japan, South Korea, Taiwan. A plant was 

recently completed in Japan in just over four years, at a co.st of about $3 billion, under half the time and 

about half the cost to complete the most recently finished U.S. nuclear plants. The successful, timely, and 

low-cost construction of advanced U.S.-designed nuclear plants overseas, coupled with recent reports 

that nuclear plant operating and maintenance costs have dropped to the same level as for coal plants, have 

improved the prospects for economical nuclear power generation in the future.

A major R &D effort aimed at improving low-C02 power generation could have a significan impact on 

greenhouse gas emissions. The "sustained growth" scenario developed by Royal/Dutch Shell shows one 

"plausible archetype" (see Figure 2). New energy technologies achieve annual sales of a few hundred 

billion dollars per year in a few decades. Figure 3 shows global C02 emissions through 2100. Emissions 

of the criteria air pollutants would show an even sharper decline. Carbon dioxide content in the 

atmosphere would stabilize at about 550 to 600 ppm.

Given the uncertain nature of R&D, the level of funding necessary to achieve such a world cannot be 

known, but is likely to be considerably higher than today's investment levels, especially if the Nation seeks 

to maintain world leadership in these technologies. In PVs, deep R&D cuts in the 1980s have left us with 

only 40% of the world market. The Japanese outspend our $60 million R&D effort in PVs by more than 

two to one. The relatively high price for electricity in other developed nations, and the far greater
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financial incentives they offer industry, means alternative energy will be cost-effective in foreign countries 

before it is here. Our primary competitive advantage can come only from technological leadership.

Energy Efficiency
Another key response to climate change is R&D to improve the efficiency of energy use. Three sectors 

are particularly important: transportation, industry, and buildings.

Transportation

Transportation R&D is essential becau.se the sector uses very little electricity, so advances in clean power 

offer little hope of lowering its C02 emissions. Also, two other major national problems—urban air 

pollution and dependence on foreign oil—stem largely from the transportation sector. The current 

federal strategy is to develop cars and trucks that are highly fuel-efficient as well as ones that run on fuels 

other than petroleum, including natural gas, electricity, and biofuels (ethanol).

The partnership for a New Generation of Vehicles (PNGV) is a collaboration among federal agencies, 

national laboratories, and the auto industry to design and build a prototype clean car by 2004 with three 

tirhes the fuel efficiency of existing cars and very low emissions, but comparable or improved 

performance, safety, and cost. Multiple technology paths are being pursued to build a hybrid vehicle that 

has both an advanced engine (such as a clean diesel, Stirling or gas turbine) and an energy storage device 

(such as a battery, fly-wheel or ultracapacitor). Supporting R&D includes lightweight, super-strong 

materials such as composites; high-temperature ceramics; regenerative breaking; and advanced power 

electronics.

Biofuels are one of the most attractive options for lowering transporation’s C02 emissions. Federal 

R&D has brought the cost of ethanol from $3.60 per gallon in 1980 to $1.20 per gallon. With continued 

R&D in bio-engineered organisms and fast-growing crops, the biofuels program is expected to produce 

ethanol from waste paper, crop waste, and dedicated crops for under 70 cents a gallon by 2005, 

competitive with oil at $25 a barrel, its current price. Significant penetration of biofuels is possible in the 

next two decades.
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Proton-exchange membrane (PEM) fuel cells have perhaps the greatest long-term potential for reducing 

transportation C02. Recently PNGV developed an on-board refomier for converting gasoline into 

hydrogen to run a PEM fuel cell, which would have a 50^ increase in fuel efficiency over an internal 

combustion engine, half the C02, and a reduction below ultra-low emission vehicle standards. A 

PEM fuel cell running on ethanol would have virtually no net C02 emission. A decade of R&D may be 

needed to bring costs down and integrate the fuel cell into a commercial vehicle. Maximum efficiency 

and emissions reductit)ns would come from running the car on hydrogen directly, which will require even 

more research.

The ultimate low-C02 vehicles and the fuels they would use cannot be known today. To ensure that the 

R&D leads to commercially viable vehicles, a number of programs are needed to ensure that the 

infrastructure is available to support vehicles that run on non-traditional fuels.

INDll.STRY
The industrial sector consumes about one-third of the nation's energy. The seven most energy-intensive 

industries—steel, aluminum, petroleum refining, chemicals, pulp and paper products, glass, and metal 

casting—account for about of the energy consumed in U.S. manufacturing and more than 909^ of 

the hazardous waste. They represent the largest opportunity for reducing industrial C02 emissions.

The Department of Energy has formed partnerships with each of these industries to develop visions of 

energy-efficient, low-polluting, highly competitive "Industries of the Future" and then technology 

roadmaps to identify the best R&D opportunities. The.se include advanced materials development, such 

as ceramic composites; separation technology, such as advanced membranes; catalysis; bioprocessing, 

biocatalysis, and renewable feedstocks; sensors and controls; and industrial cogeneration df electricity and 

heat, which can achieve overall efficiencies of more than 80% and ultimately utilize biomass.

These industries (except chemicals) significantly underinvest in R&D compared to the industry average.
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What R&D they have devoted to the environment has traditionally been focused on compliance—end-of- 

pipe treatment and control, as opposed to prevention—since that is how our regulatory system is 

designed. While increased R&D is needed, if federal pollution prevention technology development is to 

achieve maximum industry cost-share, market penetration, and significant greenhouse gas reduction, the 

Administration must complete its regulatory reinvention revolution, exploring innovative approaches 

through Project XL, the Common Sense Initiative, and the Environmental Leadership Program.

Tradtional point-source controls that address a single waste at a time and only afte the waste has been 

generated must be replaced by prevention-based, innovation friendly strategies. These include basing 

standards on desired performance, not "best available technology"; focusing on facilities, communities, 

and ecosystems, not the waste, the media nor the pipe; emphasizing multi-media solutions that address all 

wastes; emphasizing continuous improvement, not bright-line fixed compliance; expanding the use of 

information, measurement, and feedback, such as the Toxic Release Inventory; and wherever possibly, 

using fiscal tools and market mechanisms such as trading schemes and bankable emissions credits.

Prevention R&D, as oppo.sed to end-of-pipe R&D, is the key to C02 mitigation, and prevention-oriented 

regulations can help unleash billions of private-sector dollars in the industrial sector to low-C02 industrial 

technologies.

BIJII.DING.S

The buildings sector consumes one-third of the nation’s energy and two-thirds of its electricity. Federal 

R&D into buildings technologies has been remarkably successful. Consider just five technologies 

developed or advanced by the national laboratories in the past two decades at a cost of roughly $40 

million—building design software and advanced lighting, windows, oil burners, and refrigerator 

compressors. These have provided cumulative net savings of more than $15 billion to consurriers and 

businesses, which exceeds the $14 billion spent on all energy efficiency R&D since 1978, They are today
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providing more than 10 million metric tons of annual C02 savings.

Continued R&D in the buildings sector is likely to prove just as cost-effective. Key near-term 

technologies include improvements in lighting, superwindows, advanced design software, high-efficiency 

clothes washing, heat-pump water heaters, gas heat pumps, improved insulation and duct systems, more 

efficient cooling including gas cooling, .solar heating and cooling, and daylighting. Urban heat island 

mitigation R&D could enable deep and highly cost-effective energy savings in air conditioning, while 

dramatically reducing smog formation. Relevant R&D includes developing highly reflective roofing and 

road materials, and modeling the impact of those materials and shade trees on buildings and cities.

Longer term R&D needs include electrochromic glazings for windows, building-integrated PV systems, 

and PEM fuel cells. In 2010, a building using efficient technologies with electricity and hot water 

provided by an X0% efficient fuel cell could have no first-cost penalty with well under half the energy of a 

typical 1990 building and one-tenth the C02 emissions.

Dematerialisation

A major R&D effort aimed at improving energy efficieny could have a significant impact on greenhouse 
gas emissions. Shell's "Dematerialisation" scenario imagines such a world with improvements in energy 
intensity reaching a sustained 2% per annum, which has been seen for only limited periods in the past, 
from a "New Generation Vehicle" and other relentless advances in efficient technology (see Figure 4).

The market for clean technologies could be a few hundred billion dollars per year. Figure 5 shows global 
C02 emissions through 2100. Again, emissions of the criteria air pollutants would show an even sharper 
decline. National and world dependence on Persian Gulf oil would be severely reduced. Carbon dioxide 
content in the atmosphere would stabilize at about 550 to 600 ppm.

Capture and Sequestration
A relatively simple series of chemical reactions can take coal, oil, natural gas or biomass and convert 
them into relatively pure streams of carbon dioxide and hydrogen. If R&D makes it possible to find bulk 
means of sequestering C02 safely and cost-effectively, and if advances continue in hydrogen utilization, 
particularly in PEM fuel cells, then the possibility would exist for a long-term transition to a nearly
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pollution-free economy with sharply reduced levels of greenhouse gas emissions.

A number of sequestering options are worth exploring further, including the deep ocean, depleted gas and 
oil reserves, and underground aquifers. In September 1996, Statoil of Norway began storing C02 from 
a gas field into a sandstone aquifer a kilometer beneath the North Sea at a rate equal to the C02 
produced from a 140 megawatt coal-fired power plant. Pilot studies had shown that most of the C02 
will react to form solid calcite, with some dissolving in the groundwater and some remaining as gas.
While cost information has not been shared, Statoil has stated it is less than the Norwegian carbon tax of 
$50 per ton of C02.

A long-term R&D strategy would include demonstration of a number of sequestration options and 
research into their possible environmental impacts; converting C02 into an industrial chemical feedstocks; 
other novel sequestration options, such as C02 fixation by microalgae; selectively permeable membranes 
for C02 capture; processes for converting fossil fuels and biomass into C02 and hydrogen; development 
of hydrogen infrastructure technology, including transportation and storage; and PEM fuel cells.

As noted earlier, R&D into clean power generation and energy efficiency support many long-standing 
national goals and have been pursued for years. Carbon dioxide capture and sequestration, however, 
makes sense on a massive scale only in a greenhouse-gas constrained world. So, at least in this country, 
this area has been relatively underfunded. Since 1990, Japan has spent more than 30 times what we have 
on C02 capture and sequestration.

Other Advanced Research
A number of areas of basic research could prove crucial to responding to climate change, including 

photosynthetic mechanisms, biotechnology, fermentation microbiology, combustion research, polymer 

and ceramic science, process engineering, supercritical C02, new materials synthesis, and 

nanotechnology.

One essential area for expanded R&D is superconductivity. Superconductors offer the possibility of 

nearly lossless energy storage and transmission, with potential savings of 5% to 10% of all electricity 

presently generated by utilities. Highly efficient superconducting motors could have an even larger 

impact since motors currently consume 60% of all electricity. While U.S. and German funding is roughly 

$40 million annually, Japan spends nearly $70 million, not including their superconducting MagLev train 

program, where some $3.5 billion is being spent over five years. Significant increases in both basic and 

applied research in superconductivity should be an essential part of a low-C02 R&D strategy.
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Summary

New technologies offer the prospect of dramatically lowering the cost of C02 mitigation while achieving 

many other national benefits. The roughly $1.3 billion the federal government is currently spending on 

relevant R&D will likely have to be increased substantially. At the same time, a number of regulatory and 

other policy tools will be needed both to maxiinize private sector investment in this R&D and to help 

create conditions needed for these technologies to achieve rapid marketplace penetration.

Options (These are not mutually exclusive, but demonstrate the range of possibilities)

1) Augment Federal energy R&D budgets, emphasizing most promising low- or zero- C02 technologies

• within a zero-sum constraint toward Federal R&D resources that would necessitate reducing 

investments in other R&D areas, or

• expand the overall Federal R&D effort

2) Expand current partnerships with industry to focus on key C02 objectives through initiatives 

e.g.electric utilities, natural gas industry, industrial processes (Industries of the Future), transportation 

(PNGV), and buildings,

3) Lay the R&D foundation for longer-term radical energy system shifts, e.g. hydrogen economy or 

building in C02 sequestration technologies into the energy system.

4) Market adjustments (not contemplated in this paper), e.g. accelerated depreciation for low-carbon 

technologies, tax credits for low-carbon technology development and deployment

5) Design legislation to support C02 goals, including regulatory reinvention. Ensure that expect 

legislation, such as utility restructing, supports C02 goals.



Cost of Electricity

PtMtovelUic 8 • 8%

Enerc^y Market Share 1860-2060

Fi^ 1

%afTaMEn*rgy

SustainM* Growth

C02 Emission - Fossil Fuels Dematerialisation

Ciimatp cnancc 
D3se cast '

Sustained Growth

Dematerialisation

1M0 II

F-16 3

1800-1

□Sotar

1000- □wind

C02 Emission - Fossil Fuels

Climate change oane: 
base case

Sustained Growth



Jan-31-97 06;47P TECHNICAL & FINANCIAL 

01/30/97 r?:84 0202 252 0275 OPPE

202-586-5145

— FORRISTER

p*oi

121002/019

DZSTAZBOTXOK:

Qirganix. Fax #
SCata Eileen Claussen

Raf* Pomerance
647-0217

ComUcrca Everett Erhlich 482-002
Jeffrey Hunker 482-4636

05TP Roslna Bierbaum 456-6022
CEA Alicia Munnell

Jeff Frankel
39S-69S8

Traaaary Joshua Ootbaun 622-2633
Justice Lois Schlffer 5I4-0SS7
Interior Brooks Yeager 208-4561
NOAA Terry Carcia 482-6318
0MB T.J. Glauthiec 395-4639
USTR Jennifer Haverkamp 395-4579
A^rlc Charlie Rawls 720-5437
DOE Dirk Forrlster 586-9987

Mark Chupka 586-0861
e?A Mary Nichols

David Doniger
260-5155

David Gardiner 260-0275
DOT Frank Kruesl 366-7127
ovp Feta Jordan 456-9500
CEO Steve Seidel 456-6546
USAID David Hales 703-875-4639
DOL Andrew Samet 219-S88Q

0^



Jan-31-97 06:47P TECHNICAL S. FINANCIAL 202-5SS-5145 P . 02

Jmuifuy 31. 1 yV7 Prc-decisionaJ drafi: Do Not Ciic or Quote

THK ROLE OE R&D IN LIMITING; GREENHOUSE GAS EMISSIONS

One of the key issues in developing a domestic climate change policy will be ilic emphasis placed on 

potentially expanding the Federal R&D effort into technologies that promise to reduce future greenhouse 

gas emissions and/or lower the cost of achieving a given greenhouse gas reduction target. While 

advances in technology clearly will play a pivotal role in long-term emission reductions, the key decisions 

will involve:

• the emphasis placed on medium term vs. long temi emission reductions;

• the near-term budget implications of enhanced investments in technology development;

• the extent and character of private-.sector participation in an expanded R&D effort;

• the relationship between R&D and near-term technology deployment efforts; and

• the role, if any, of international coordination on R&D efforts.

Achieving greenhouse gas emission reductions lliat would stabilize aunospheric concentrations at "safe" 

levels will require major advances in technology in every sector of the economy. Fortunately, many of 

the necessary advances are within plausible pathways of current research and development effort,s. 

Federal R&D is already pursuing most of the important CO^-mitigating technologies because they 

provide other benefits that have long been the basis of national policy, such as reducing criteria air 

pollutants and other environmental harms; decrea.sing dependence on foreign oil; increasing the 

competitiveness of domestic industries: and providing leadership in industries likely to achieve an 

international market of several hundred billion dollars per year in the next century.

Achieving these goals will nonetheless be difficult at a time of constrained federal spending and sharp 

reductions in long-term private sector R&D. Since 1978, federal investment in energy R&D has tieditied 

75%. Energy R&D investment by industry fell 33% from 1983 to 1993; the elecuic utility and the gas 

indusU’y have cut (heir R&D investments sharply, Industry as a whole ha.s reduced its ba.sic and applied 

research from 11% of its total R&D in 1988 to 17% in 1994. A viable R&D component of a climate 

strategy would entail both expanding federal resources and stimulating additional private sector R&D 

activity.
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Tlic need for major technology advances can be seen from the following equation:
Emissions = Poindation x Affluence (GDP/capiia) x Technology (Emissions/GDP)

From 1990 to 2060, wc may well see global population double and affluence increase by a factor of 

four, At the same time, the world may ultimately need to /ohw emissions from 1990 levels, 

requiring the average emissions-related technology to improve by more than a factor of ten during 

the next few decades and then be rapidly deployed throughout the world.

Any R&D effort is inu iasically valuable but inherently risky. We can confidently expect significant 

benefits (ba.sed on empirically high returns on fetleral, private or blended invesunent) as well as some 

unexpected benefits (c.g. much of the gas turbine technology that is today generating cleaner, low-cost 

electricity had its r(X)ts in government-funded work on military jet engines). However, we cannot preilict 

ahead of time the technology "winners" from R&D. The operational risks are making premature 

commitments to development programs that prove to be technical or economic dead ends, .such as the 

breeder reactor or .synfiiels debacles of the 1970s. At the other extreme, underfunding ilie most 

promi.sing areas by spreading an R&D effort too thinly across a spectrum of technologies, as we did 

during the 1980's in energy efficiency and renewable energy R&D, misuses scarce resources while 

foregoing substantial progress. Lessons learned fornt the past two decades have shaped our current R&D 

•Strategy, which chart a sensible middle course between the two extremes.

This paper will examine the most promising R&D for nritigating CO^, focusing on four strategic thrusts; 

(1) clean power generation, (2) energy efficiency, (3) carbon setiuestration accompanying a transition to a 

hydrogen-based economy, and (4) very advanced research, such as superconductivity, nanotechnology, 

and photosynthciic mechanisms. Responding to the climate problem may require breakthroughs in all of 

tlicse areas, and in any case the high-risk nature of R&D requires the pursuit of multiple pathways. From 

a technology development standpoint, successful (i.e. low-cost) climate stabilization will require:

• Accelerated diffusion of existing I0W-CO2 technologies by 2010 (see "Market Transformation" 

paper);
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• Significant penetration of new very-low-CO^ technologies from 2010 to 2020 (the period of 

greatest economic concern in the current negotiations); and

• Substantial or nearly universal tleploymcnt of ncar-zcro-COj technologies in the succeeding 

decades (where the opportunity exists for fundamental alterations in the energy system).

Increasing the probability of achieving tliesc desirable outcomes will require expanding the government's 

current R&D spending in these areas, which i.s roughly $1.3 billion per year. Also, partnerships with 

industry, "market pull" deployment initiatives, improved regulations, and other policies will be required to 

ensure technological success and accelerated market penetration, The benefits could be enormous, 

including the avoidance of the costs associated with the other ,'tpproache.s to CO^ mitigation sueh as 

higher taxes and regulation. A 1997 study by Pacific Northwe.st Laboratory found that developing and 

deploying atlvanced technologies over the next 15 to 30 years could lower the pre.scm value cost to the 

global economy of stabilizing the atmosphere at 550 ppm COj from one trillion dollars down to nearly 

zero.

CLEAN POWER GENERA'ITON

Natural gas technologies now set the benchmark for low cost, cleaner power generation. Moreover, 

advances in natural gas turbines will yield overall energy conversion efficiencies of 60% or more in the 

next decade, doubling the efficiency of traditional coal-fired planw. Fuel cells, which generate electricity 

directly from hydrogen derived from fuels such as natural gas, are promising because of their high 

efficiency and l«>w emis.sions. High temperature fuel-cells, such as molten carbonate and .solid oxide, may 

have significant application in power generation with further R&D. Molten carbonate fuel cells are 

expected to reach .50-60% efficiency by 2000, and perhaps 70% by 2005.

High efficiency coal-fueled power plants, such as integrated gasification combined cycle (IGCC) are now 

being demonstrated at efficiencies (40 to 43%) that are competitive with more traditional coal-fired 

power plants but with much lower emi$.sioii.s, including 35-45% lower CO^ emissions. The efficiency of 

the next generation IGCC plant could exceed 55%, and, in combination with a fuel cell, achieve 60% by
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Given the uncertain nature of RAK), the level of funding necessary to achieve such a world cannot be 

known, but is likely to be considerably higher than today's Investment levels, especially if the Nation seeks 

to maintain world leadership in tlicsc technologies. In PVs, deep R&D cuts in the lysO's have left us 

with only 40% of the world market. The Japanese outspend our $00 million R&D effort in PVs by more 

titan two to one. The relatively high price for electricity in other developed nations, and the far greater 

financial incentives they offer industry, means alternative energy will be cost-effective in foreign countries 

befttre it is here. Our primary competitive advantage can come only from technological leadership.

KNKRGY EFFICIKNCY

Another key response to climate change is R&D to improve the efficiency of energy use. A major R&D 

effort aimed at improving energy efficiency could have a significant impact on greenhouse gas emissions. 

Shell's "DEMATERIALISATION" scenario imagines such a world with improvements in energy intensity 

reaching a sustained 27o per annum, which has been seen for only limited peritKis in the past, from a 

. "New Generation Vehicle" and other relentless advances in efficient technology (.see Figure 4).

Tlie market for clean technologies could be a few hundred billion dollars per year. Figure 5 .shows global 

COj emissions through 2100 in this scenario. Again, emissions of the criteria air pollutants would show 

an even sharper decline. National and world dependence on Persian Gulf oil would be .severely reduced. 

Carbon tlioxidc content in the atmosphere would stabilize at about ,550 to 600 ppm. Three sectors are 

p.articulurly important for energy efficiency gains: transportation, industry, and buildings.
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TRANSPORTATION

Transportaiion R&D is cs.sential because the sector uses VC17 little electricity, so advances in clean power 

generation offer little hope of lowering its CO2 emis.sions in the near tenii. Also, two other major 

national problem.s- urban air pollution and dependence on foreign oil -stem largely from the 

transportation sector. 1'he current federal strategy is to develop cars and trucks that are highly fuel- 

efficient as well as ones that run on fuels other than petroleum, including natural gas, electricity, and 

biofuels (ethanol).

The pmnership for a New Generation of Vehicles (PNGV) is a collaboration among federal agencies, 

national laboratories, and the auto industry to design and build a prototype clean car by 2004 with three 

times the fuel efficiency of existing cars and very low emis.sions, but comparable or improved 

performance, safety, and cost. Multiple technology paths are being pursued to build a hybrid vehicle that 
has both an advanced engine (such as a clean diesel, Stirling or gas turbine) and an energy storage device 

(such as a battery, fly-wheel or ultra capacitor). Supporting R&D includes lightweight, super-strong 

materials such a.s composites; high-tcmperature ceramics; regenerative breaking; and advanced power 

electronics.

Biofuels are one of the most attractive options for lowering tiaiLsportalion’s COj emissions. Federal 

R&D has brought the cost of ethanol from $3.60 per gallon in 1980 to $1.20 per gallon. With continuetl 

R&D in bio-engineered organisms and fast-growing crops, the biofuels program is expected to produce 

ethanol from waste paper, crop waste, and dedicated crop.s for under 70 cents a gallon by 2005, 

competitive with oil at $2.*) a barrel, its current price. Significant penetration of biofuels is possible in the 

next two decades.

Proton-exchange membrane (PEM) fuel cells have perhaps the greaic.si long-term potential for reducing 

transportation CO,. Recently PNGV developed an on-board reformer for converting gasoline into 

hydrogen to run a PEM fuel cell, which would have a 50% increase in fuel efficiency over an internal 

combustion engine, half the COj, and a 99% reduction in conventional pollutants below ultra-low 

emission vehicle stamlards. A PEM fuel cell running on ethanol would have virtually no net CO;
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emission. A decade of R&D may be needed to bring costs down and integrate the fuel cell into a 

commercial vehicle. Maximum efficiency anti emission.s reductions would come from running the car on 

hydrogen directly, which will require even more research.

The ultimate low-CO, vehicles and the fuels they would u.se cannot be known today. To cn.surc that the 

R&D leails to commercially viable vehicles, a number of programs are needed to ensure that the 

infrastructure is available to support vehicles that run on non-traditional fuels.

INDUSTRY

The industrial .sector consumes abt>ut one-third of the nation's energy. The seven most energy-intensive 

industrie.s—steel, aluminum, petroleum refining, chemicals, pulp and paper products, glass, anil metal 

casting—account for about 80*7o of the energy consumed in U.S. manufactiuring and more than 90% of 
the hazardous waste. They represent the largest opportunity for reducing industrial CO2 emissions.

The Department of Energy has formed partnerships with each of the.se industrie.s to develirp visions of 

energy-efficient, low-polluting, highly competitive "Industries of the Future" and then technology 

roadmaps to identify the best R&D opportunities. These include advanced materials development, such 

as ceramic composites; .separation technology, such as advanced membranes; catalysis; bioprtx:essing, 

biocatalysis, and renewable fecd.stocks; sensors and controls; and industrial cogeneration of electricity and 

heat, which can achieve overall efficiencies of more than 80% and could ullinialcly utilize biomass.

These industries (except chemicals) significantly under invest in R&D comparetl to the indusuy averages. 

What R&D they have devoted to the environment has traditionally been focused on compliance- end-of- 

pipe treatment and control, as opposed to prevention—since that is how our regulatory system is 

designed. While incrca.scd R&D is needed, if Federal pollution prevention technology developmciu is to 

achieve maximum industry cost-share, market penetration, and significant greenhouse gas reduction, the 

Administration must complete its regulatory rcinvention revolution, exploring innovative approaches 

through Project XL, the Common .Sen.se Initiative, and the Environmental Leadership Program.

Traditional point-source controls that adUres.s a .single waste at a lime and only after the waste has been
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generated must be replaced by prevention-based, innovation friendly strategies. These include basing 

standards on desired performance, not "best available technology": focusing on facilities, communities, 

and ecosystems, not the waste, the media nor the pipe; emphasizing multi-media solutions that address all 
wastes; emphasi/.ing continuous improvement, not bright-line fixed compliance; expanding the use of 

information, measurement, and feedback, such as tiic Toxic Release Inventory; and wherever possibly, 

using fiscal tool.s and market mechanisms such as trading schemes and bankable emissions credits. 

Prevention R&D, as oppo.sed to end-of-pipc R&D, is the key to COj mitigation, and prevention-oriented 

regulations can help shift private-sector R&D dollars in the industrial sector to the development of low- 

CO2 indusU’ial techmtlogics.

ttllliniNd.S
The buildings .sector consumes one-third of the nation's energy and two-thirds of its electricity. Federal 
R&D into buildings technologies has l)cen remarkably successful. Consiiler just five technologies 

developeil or advanced by tlic national labtTatories in the past two decade.s at a cost of roughly $40 

million- building design software and advanced lighting, windows, oil burners, and refrigerator 

compressors. These iiave provideil cumulative net savings of more than $15 billion to consumers and 

businesses, exceeding the $14 billion spent on all energy efficiency R&D since 1978. They are hxlay 

providing more than 10 million metric tons of annual CO, savings.

Continued R&D in the buildings sector is likely to prove just as cost-effective. Key near-term 

technologies include improvements in lighting, superwindows, advanced design software, high-efficiency 

clothes washing, heat-pump water heaters, gas heat pumps, improved insulation and duct system.s, more 

efficient cooling including ga.s cooling, solar heating and cooling, and day lighting. Urban heat island 

mitigation R&D could enable deep and highly cost-effective energy .savings in air conditioning, while 

dramatically reducing smog formation. Relevant R&D includes developing highly reflective roofing and 

road matcrial.s, and iiuKleling tlie impact of those materials and shade trees on buildings and cities.

Longer term R&D needs include electrochromic glazes for windows, building-integrated PV systems, and 

PEM fuel cells. In 2010, a building using efficient technologies with electricity and hot water provided by 

an 8091' efficient fuel cell could have no first-cost penalty with well under half the energy of a typical
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1*990 bijilOiny and one-tenth die CO; emis.sion.s.

CAFI'URK AND SEQUK.STRATION

In addition to the portfolio of R&D options related to less C02 intensive technologies for energy supply 

and use, capture and dispo.sal of C02 offers an additional alternative for reducing atmospheric 

concentrations of C02. If major reductions in C02 emissions are neccs.sary, and global reliance on fossil 

fuels continues beyond the middle of the next ccniui7, then some form of C02 sequestration will almost 

certainly be needed as part of the C02 solution mix. The Climate Technology Initiative, launched under 

the auspice.s of the Framework Convention on Climate Change and supported by the US, stresses the 

need to “assess the feasibility of developing longer tenn technologies to capture, remove or dispose of 

greenhouse ga.scs....’’

Moreover, a successful program to develop save, low cost greenhouse gas sequestration optitms should 

garner bipartisan support for progress on climate change issues by allowing for continued u.se of fossil 
fuels while minimizing the direct costs of mitigation programs. If these disposal techniques are 

.sufficiently low in cost, they could also be a means to induce developing country participation in a climate 

change mitigation program, thereby overcoming another institutional barrier to implementing an effective 

mitigation program.

A long-term R&D strategy wtiuld include demonstration of a number of .sequesuation options and 

research into their pos.sible environmeiiUtl impacts; converting CO; into an industrial chemical feedstocks; 

other novel sequestration options, such as CO; fixation by micro-algae; selectively permeable membranes 

for CO; capture; processes for converting fossil fuels and biomass into CO; and hydrogen; development 

of hydrogen infrastructure technology, including transportation and storage; and PEM fuel cells.

As noted earlier, R&D into clean power generation and energy efficiency support many long-standing 

national goals and have been pursued for years. Carbon dioxide capture and sequestration, however, 
makes sense on a massive scale only in a greenhou.se-gas constrained world. So, at Ica.st in this country, 
this area has been relatively under funded; since 1990 Japan has .spent more than 30 times what we have 

on CO; capture and sequestration.



Jan-31-97 Oe:51P TECHNICAL & FINANCIAL ZOZ-5S6-5145 P . lO

JcuuV!iry3l. 1997 Pre-tlccisional drift: Do Nut Cite or (jiioie

• within a zem-sum constraint toward Federal K&D resources tliat would necessitate 

reducing investments in other R&D areas, or

• expand the overall Federal R&D effort

2) Expand current partnerships with industry to ftx:us on key CO2 objectives through sectoral R&D 

initiatives in electric utilities, natural gas industry, industrial processes (e.g. Industries of the 

Future), transportation (e.g. PNGV), and buildings.

3) Lay the R&D foundation for longer-term radical energy system shifts, e.g. a hydrogen-based 

energy economy or building CO> sequestration technologies into the energy system.

4) Fiscal policy adjustments (not contemplateil in this paper), e.g., accelerated depreciation for low- 

carbon technologies, tax credits for low-carbon technology development and deployment.

5) Design legislation to support CO2 reduction goals, including reinventing environmental regulation 

to encourage energy efficiency investments as a key compliance strategy. Ensure that expected 

legislation, such as utility rc.structing. supporl.s CO, goals.

6) Engage in intcrnationany-coordinated R&D efforts, either under the aegi.s of a negotiated 

protocol to the Framework Convention on Climate Change or through other mechanisms.
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LAST LAUGHS;

JayLeno: "Our old buddy Boris'Buy Me A Drink'Yeltsjn Is back on the job in Russia. He’s looking good. He's 
got a new slogan, 'Four more beersi Four more beersl"'

Sen. John MoCaIn: "We usually start with the oldest and most senile." (As B9-year old Sen, John Warner waited 
to testity at a Senate Commerce, Science and Transportation Committee hearing.) Sen. Warner, responding to 
McCain: "WhenlwasSecretaryoftheNavy, I wasyourboss."

CEA Member Alicia Munnell: "Who am I? The Vice President's running mate?" (Responding to a question from 
an ignorant reporter this morning during a press conference. Munnell and Gore were touting the new economic 
news.)

Copyright ® 1987 by the BuHotin Broodhxing Network, Ino. Rcproducfion without ponriwion prohibited. Tho White House Bullefin - 
wrMan by on eAorial etaff of fortrar WNte House and eon^esdonel eflelals relying on Inside eouroes and wire savlos reporle - la published 
SO weeks a year on business days by the BuRslin Broadtaxhg Nelwerit, MeLson, Wglnls. Per subsorlpfen intormaRon, please eontoct our 
Clitulallon Dspamsflt at 70S/7«4(H0.
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The Initiative for a Caring World

1 -nic "lnili:.rive for a Caring World" proposed by Pmnc Minisier Hashi.nolo at th.-

Lyon Siiminii L based on the idea That we can help each other to improve oui societies by 

sharing experiences and knowledge on the broad issues ccmceming social security 

systems. As one step m putting thi.s idea into practice, the OHCD sponsoied a 1 ligh l.-cvel 

Conterence enmlcd "Beyond 2000. the New Social Policy Agenda" in November l99o, in 

which develojied countries exchanged views. On that occa.sion.. n was agreed that each 

country would compile a national repoit based on a commonly defined basic formal.

These reports are expected to set the foundation for discussion in the OBCD, parilculai ly 

at the OECD Meeting of Social Policy Ministers to be held in 1991S.

As regards co-operation with developing countries, Japan hosted an Lasi Asian 

Ministerial Meeting on Caring Societies in Okinav/a. m December 1996. The G-7 

countries also participated in this meeting, which underlined the importance nt building a 

social security inlinst] ucLurc in developing countries

2. Our approach to this pioblcm could, therefore, take two tracks. One track cotild 

focus on discussion of tliosc proldems particular to developed countries A consensus 

already seems to exist that the issue of the population ageing would be an appropriate 

topic of discussion at the Denver Summit. Concerning the second track, namely, 

co-operation with developing countries, the issue of emerging and re-emerging bilcclious 

diseases could be highlighted in our discussion among G-7 countries. Fuitlierrnore, the 

role of G-7 countries in supporting developing countries' elToris in the institutionalisation 

of social .secuiily infrastructure, including medieal/health care and wdtare services, could 

also figure as pan of our discussion before and during the Denver Summit.

Japan hius prepared two short papers which set out a possible ba.sis for disaission: 

one on ageing populations (Annex I), the other on emerging and re-emerging mfecuous 

diseases (.Armex 2).
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Annex 1: Ageing Popiilation.s

1 Tl-ifc G-7 ie.aders should yive their political blessiny and guidance to the analylical

works cui rently being carried out in international fora, panicularly m the OtCD.

The OfiCD i.s already carrying out a study on population ageing. In the hv.st pliase 

of (he study, problems caused by rapid ageing in the social policy area.s such as public 

pension, health and long-term care have been analysed. Hie study has also examined ihe 

lihenomenon of active ageing (including positive .social panicipatlon by the elderly), as 

well as niiicroeconomic policy areas such as iuiance, labour and capital markets flic 

OECD is expected to expand its analysis in the second phase and to propose policy 

measures to deal with such selected pr oblems as the effect of a growing burden of 

medical, liealth and long-term care for the elderly on public, finance., employment ofthe 

elderly, and the effect of ageing on patterns of consumption and enterprise production 

The OECD work should be encouraged by providing political support, and if possible, 

guidance on ilic follow-up of tbese works.

2. AinirC from giving political support and guidance to the works to be canted out in 

the OECD. 0-1 leaders could discuss the following policy issue.s:

Wlial etforis have been made (jr are being considered to ]iromoie public undei.standing 

and consensus on the questions of refonn in social security system?

What will be the effect of population ageing, along with the decline in infant bnth rate, on 

the overall ritc.style, .scicial rnentaJily and political mitlor>k ot llie genera! public?

flow can G-7 comuiies promote co-operation in research and development in genairics 

and gerontology'^ This would entail co-operation not only in the medical field hut also m 

other areas .such as the development of supportive device.s. housing, city planning, etc., 

with thrj vievv of dc.-iling with the declining physical mobility which comes with age.
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Annex 2: Emcreing ;ind Re-enicrjiing l)isejisc.s

I, imp.ovemonl oi'iiiformanon-slr-miig neVworks on scienlUic knowlccigc

Althoiinh tliere have been exchanges of infoimaiion .among vanou.s re.search 

mstiTut.ons on infections disease.^, there is sLill room for improvement of mformalion 

shanng netvyorks lunong them.
In the process leading up to tltc Denver Summit, G-7 should discuss and elaborate 

how we should improve such networks of information on mfecuous di.sea.ses so tliaL we can 

share Information on the scientific knowledge of channels of infection, methods of 

prevention and treatment and other research-related expertise.

2 Improvement of the global suivcillance .system and emergency-response network

In order to effectively respond to emerging and re-emerging infectious disease.s, n 

is imponant; i) to grasp correctly and share the infonnation on the entire situation behind 

Lhc outbreak ol'the diseases and emergence of bacteria resistant to antimicrobiiil agents, 

and li) to ensure co-ordination among tliosc responsible for surveillance and ItivesLigation

and those responsible for medical treatment.
On the first point, several international ntonitoring systems have been developed

to track the occurrence ofinfectious diseases. These include VVMO's Weekly 

.Epidemiological Rccoid (WER) . and Mortality and Mobility Weekly Report (MMWR.) 

of the CDC(Ccmer fbi Disease Control and Prevention). Mowever, these sy.stems are not 

linked to the national surveillance .systems of individual countries, and the WLK doe.s not 

ncces.sarily list information on all emerging infectious diseases such as viral haemorrhagic

fevers
On the second point, although several countries have dispatched surveillance and 

medical teams to prevent further spread of infection, it appears that there is room tor 

improvenie.iii for more etfective co-ordination among them
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Tt is, iherctbre, desirable that G-7 discus.s how to promote close international co­

ord,nation in srrennthening the global survetllancc system and improving international 

emergency prevention and medical system.

Prevention ofinfcclions diseases in developing countries

To prevent and control the prevalence ot'inleclions diseases in developing 

countries., it is imponant to improve basic health and medical care and the jHiblic hcaltli 

environment in those countries
Developing countries which suffer infectious diseases are not in possession o! 

medical inlVastiTicture which can identify in an organised way nuLbreaks of diseases and 

arrange proper information networks and treatment tacilir.ies. To improve this .situaLion is a 

gigantic task. As a first step, therefore, developed countries could jointly pick up some 

pilot projects iu some selected countries or areas, which improve .socio-mcclical 

mfrasti-ucture that can contain certain infectious disease.s (e.g. through such projects., we 

could identify more clearly modalities of cooperation for developing coumnes in their 

light against disea.ses)
In this connection, it may be worthwhile to consider holding an international 

conference (e.g. experts' meeting) on basic health and medical care and public heallh 

environment iu ..\frica, a region ino.st seriously affected by disea.ses.

Mote: Tn a broad sense, "emerging and rc-cmcrging infectious diseases include 

HIV/AJDS. 1.M this paper, however, we c.ategorued AIDS .separately because ol 

tliftcrcnce in social Ihctors and for other practical reasons.
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A. Quantitative analysis of private-sector job creation in SMEs

-SMEs account for more than half of all existing jobs in OECD countries 
-SMEs are creating new jobs in proportion to their role in economy 
-a small number of high-growth SMEs account for most of the SME job creation 
-globalizing SMEs account for a disproportionate amount of the SME job creation

B. "Best practice" policies for SMEs 

-financing
—business environment 
—management capability 
—access to markets 
—regulatory reform

Globalizing SMEs]
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FllASE 2 OF AGEING PROJECT 

PROPOSED WORKPLAN

The Ministerial Mandate

1- The Phase I report which was reviewed by Ministers in May (and is now published as Ageing in
OECD Countries: a Critical Policy Challenge, Social Policy Studies No 20) called for a second phase ol 
the work that would extend the analysis in the following meas:

• the economy-wide and intei-natioiial effects of pensions, especially wiUi respect to private 
pensions, ix'les of financial market institutions and the irgulaiory cnvironmeiil. implications 
with respect to national savings and investment, intei-generational implications such os those 
related to wealth and ctjuily, effects on intcinalional capital flows within and beyond the OECD 
area.

• eUccts of ageing on the labour- market and learning. This would include a discus-sion of possible 
changes in labour- market, education and ituining policies, wage-setting practices and the human 
resourve pive liccs of corporations.

• effects on a range of topics that were not discussed in Phase 1 — including social protection for 
older workers, migration, housing and tr-ansport, and an assessment of equity- and security firm 
a life-course/gener-alional perspective.

• non-market effects, including voluntary activity, leamiitg. family care^giving and broader health 
and .social clTccls.

• synthesis of existing data that shed light on ageing, life-coui^e and generational trends and 
compai-isons, together with pioprosols for future dir-cctions in data collection end analysis.

• advice on incoiporatirtg ageing and life-coutse considerations into the decision-making and 
consultative processes in Member couirirics, including considerations related to social 
marketing, tnmspiuency and accountability, and techniques that allow identilkaUoii of the life- 
course and inter-genernuono] effects of progiums.

best practices and lessons learned 
responding to the ageing challenges, 
highcitl priority.

■ a jrraclical review of the exper-ience of countries in 
'Ihis would be selective and limited to policy areas of

Subsequent Evenis

Subsequent to the acceptance of the Phase I iTeport by Ministers;

• With respect lo the nexus of issues around pensions, suviirgs and Eiiaucial markets. ECO has 
identified 3 i>ossible projects -- macro effects on saviirg, invesanent and productivity, the 
economics of pension refoim; and the role of ageing on coiporaic governance. More recently, 
DAFFE has prepared u dclailcxi proposal covering the role of financial iitstitutions in private 
pensions schemes, funded pensions and financial systems, die regulation and supervision of 
pension schemes, statistics on funded pension schemes, and financial policy recommendations.

• the Secretm-y-Genei-al has undeilined the potei.nial impooance of the Phase li work on ageing as 
a mcdium-teiin strategic priority of the Organisaiion.

DEC-20-1996 12=23 OECD^OCDE 89X P.P3
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• the Beyond 2000 conference undei^coi*ed ihe imponance of broad system-wide and life-course 
pei^spectjves in the c^-ulution of the welf^ state.

• the /apanese initiative on a Caring World lia.s created several possible linkages with our work 
on agebg. One involves a report on apeing in the context of the Daiver .Summit other is 
the Japanese proposal for country aports to prepare the basis for discussion at the 1998 
meeting of Social Policy ministers - this would provide a vehicle for importing on lessons 
learned and best practices.

3. Peter Hicks has al.<!o been informally consulting people, both internally and also with the
European Commissioii, various departments in Ottawa and Washington, and with seveial inUmalioiuil 
bodies and rescarchcis. His conclusion ate that

• Ibc work-retirement transition is a cenUal thane. It is of high priority in its own right and one 
which touches most otlrer ageing issues — woikirtg life flctubility. life-long learning, wage 
policies, work disincentives in social protection, as well as peit.ston policies. (Jr is the hey 
interest of the Social Security Administration in Washington •>vhich has contributed $67,000 i 
to our work.)

• a broad focus on life-course peispectives is needed, as opposed to a nanow focu.s car 
demography. Successful policies are those that mfluence people as they age, not when they arc 
old. (Human Resource Development Canada has indicated they may contribute up to
$200,000 given a work program with a life-path perspective.)

there should be a significant focus on the data and rescuivh needed to support ageing and lifc- 
couisc perspectives (Statistics Canada may contribute $50,000 and do some work on Inis. Ihe 
US National Institute on Ageing is interested in creating linkages between the considerable 
research it funds in this area and those who provide international policy advice. They may 
contribute funding towards this end.)

there is much intere;st in the broader effects on tire labour ntoiket end productivity as people 
age. including effects on unemptoymeni and the links to learning, wages and skills. (People at 
the European Commission suggested that Ms is an area where the OECD is uniquely placed 
to add value.)

there would be much value if Phase II could clari5' an often confused debate uround the mix of 
public and private elements in the retiiement income system - particularly in light of the 
undoubted international con.soquenccs that are likely to flow from the coming US pension 
debate, a debate which is likely to be highly focused on private savings.

the pensbn discussion needs to lake belter account of the wealth as well as the iisrome position 
of older people, and the generational implications. (The Netherlands has indicated an inr.eresf 
in contributing $100, 000 to support work in this area. Die Americans express considerable 
concern about the .future consequences for reliremenl income of a possible sharp decline in 
the value of housing assets.)

DEC-20-1996 12:24 OECD^OCDE 09-- r- 0.1
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• there is a need for a more integrated appix>ach to the discussion of health and long-lcnn cai-e, 
and for including «n anal>-sis of invalidity among older workers. A particular- concern has been 
expressed that ivising the slalutoiy age of entitlement to letiicment benefits may increase the 
numbers of people in receipt of invalidity benefits.

• while it is not an area of OECD expertise, Phase II should have a bellcr analysis of the family 
dimension to ageing. The evohtlion of family stiuclui-es may well be us important as, and 
closely tied to, tlie market dimensions that weit discu.sscd in Pliasc I. For example, a discussion 
of the mlcT-gcnctational impUcations of ageirtg - or of care for the ftuil elderly or the adequacy 
of retirement income •• could be quite mislcuding if it is not tied to a family analysis.

• last, but perhaps most important, is the proposed focus on idcntif)ing and overcoming 
iirstitutioiial obstacles to refotin. It is the area which has aUr-acted the most positive interest 
dnring informal discussions.

4. However, the Plrase I report was well received not only bccaiuc it was a broad, synthetic-
document, but also because it added value by producing new findings in a cotrple of key areas — the new 
data On health by age, and the scenarios showing the fiscal clTccIs of ageing, particularly the effects of ihc- 
diffei enl pension reform scenarros. Tire challenge is to find the handful of Ccntrul urvas whei-e new work 
by OECD in Phase U could have a similarly high payoff.

Proposed New Work

5. New work will be needed to compile and co-ordinate mutcrial on best pt-actices and practical 
lessons. This will concentrate on arras of highest priority for most countries, including the work- 
latiiemeru a-ansiiion, the nexus of issues around pcnsioiu/savir^gs aird around healih/invalidiiy/caix, and 
oveiicoming instiiuiional obstacles to reform.

6. In addition, it is proposed that new analytic work be undertaken in the following areas.

A. retirement income, sayings, financial markets: Two complementary packages of new work
would be involved:

1. macro perspective: household saviirgs behaviour and government influences on ihat 
behaviour, government dissaving, regulation of pnvau- pensions, investment and 
financial markets, capiul flows within and beyond the OECD Member countries. 
This would include the work along the lines outlined in the rxcent DAFFE proposal. 
ECX) and DAFFE would take the lead on this work. Ifie EX'vclopmcnl Centre has 
ako expressed an interest in the intemuiional dimensions of this w'ork.

2. individual perspective: security, equity and sustainability in old-age provision, 
including assets etc., as well as the balance of pension income from a i-ange of 
sources - public, compulsory but private, tax-odvantaged private, purely private. 
Unlike Phase I, which focused mainly on public pensions, this work would stress the 
potential role of capitalised pensions, the role of assets, etc. This would provide a 
fr-iuncwuik for a substantive discussion of retiiemiiit incumt policy that focused on 
Uie ultimate goals of pension policy, as weU as its fiscal and international financial 
dimcnsioiM. ECO, DEELSA and DAFFE would collaborate on this work.
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B. lalfour . iiarkei and lifelong leanung:

3. acquisition of skills: making lifebng learning a real snategy for investing in human 
capital. The starting point would be the woib-reurement n-anaition, with emphasis 
on providing workers as they age with the skills needed to maintain then- 
productivity and flexibili^. DEELSA would lake the lead on ihi.s.

4. utilisation of skills: the other side of coin -- a review of the labour market and 
human iwouitc dcvclopmcnl policies and procliccs that would albw workers, as 
iJiey ugc. to pnxluctively use the skills they possess. Again, the starting point would 
le ober woikers, but the analysis would need to cover all woricew; their cannot be 
separate practices for the old only. This would involve a discussion of un ageing 
work»force, wages, productivity, flexible enterprises, human resource practices, 
vgeist disciiminaticu. etc. DEELSA and DSH would take the lead on this.

improving health, reducing dependency!invalidity and better care-giving: This would 
build on lliase I, but would integrate the discussion of health and long-term care and would 
add an analysis of invalidity among older woikera. DEELSA would take the bad on Uiis.

building consensus and overcoming institutional barriers to reform: This would bsscss 
ways of oveiCQining obsiacbs to the emergence of a social contract that irfkcLs 
contemporaiy ageing, generational and lilc-coursc iraliUcs. To the extent that there is an 
ageing “aisis", it is not one of the demogiaphy per se, since this ha.s been long understood. 
Ralhci- it is crisis of governance — the difficulties that governments face in incorporating 
long-ten II factora such as ageing into the pobey process and in deabng with generational and 
bfe-coui se issues. DEH-SA and PUMA would take the lead on this.

Lr summary, the work in Phase II would consist of;

• completion of the broad synthetic work of Phase 1 — filling a number of gaps and supporting 
(he argument with consistent data;

• a focused, policy-oiiented review based on the practical lesson-s that have been kaincd from 
country experiences in a handful of areas of highest priority;

• new analytb work in the six ar eas bsted above.

Products

8. Phase II could have the following piuducls;

• final repoil - to Ministers for their Spi-ing 1998 meeting. This would be short and nclion-
oriented. It wculd identify the key areas for priority action, together with a review of practical 
lessons to learned horn the experience of Member countries in these areas.

• interim regc-rf - a report blended mainly for the 1997 G7 summit, to be reviewed by OECD 
Ministers a heir Spring 1997 meedng. It would have the same substance as the Phase I report, 
but would bt short and wriUen from the perspective of pobey action. It would also report on the 
prcliminaiy lesulls of new work lo the extrni thui they la^ available.

• general publication - a longer- document oontainbg the policy- analysis. It would be aimed at a 
wide policy-oriented audience and would be blended to build consensu.s around a practical 
ageing, geneiatbnal and bfe-course appiooch to pobey.

background documents supporting the argument of tire general pubbeation 
related to detniled lessons learned and to data.

especially ones
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Ihe key dates aic the spring Ministerial meetings in 1997 and 1993.

end-November 1997 
mid -December 1997

Jonuary-Maich 1997

Match 1997

November 1997 
December 1997-March iyP8

March-June 1998

Modus openmdi for management of project detennined
Countries asked to identify experts. Internally, data requirements and
piocesses for conying out new woik would bt identified.
Brainstoiming by expeiU on the proposed areas of new work, based on 
issues papers. (In some oivas, this could extend into the spring)
Finalise input to interim report for the G7 and the OECD Ministers, if 
required
Complete new research, data manipulations
Complete draft of final report for review by EL5AC and the other
interested committees
Submit report to Ministerial meeting-
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Introduction

1. During the May 1995 meeting of the OECD Council at Ministerial LevcK Ministers requested 
that the OECD "consolidate and analyse the policy implications of ageing populations with an initial 
report ... by 1996." The work on the requested report was executed as pan of a horizontal project, with 
DEELSA, DSTI, ECO and DAFFE as contributing directorates. The resulting repon. "Policy Implications 
of Ageing Populations" , was .submitted for discussion and consideration at this year's Ministerial meeting 
(21-22 May 1996). Ministers requested the OECD "to disseminate the first report on the policy 
implications of ageing populations and further the analysis of the challenges in key policy areas and 
report back in 1998". This note contains an outline of the proposed DAFFE contributions to this 
second phase of the study, with DEELSA, PUMA and ECO as the other contributing directorates. 
The focus of the analysis by DAFFE i.s on the relationships between ageing, pension system reform 
and OECD financial systems. The proposed contributions to the ageing project are part of the 
1997-1998 work programme approved by both the Committee on Financial Markets 
[DAFF£/CMF(96)10/RF,V11 and the Insurance Committee [DAFFE/AS(96)6].

2. Delegates of the Committees on Financial MarkcUs and Insurance are invited to comment on the 
proposed outline of the contribuiiuns as well as the suggested plan of action.

Background

3. Most OECD countries l-tce an outlook in which the elderly are becoming a significantly larger 
proportion of the population, while the working-age population is projected to shrink in most OECD 
countries and grow only slowly in others, 'i'hese two trends are likely to c.xen considerable pressure on 
existing public pension systems in many OECD countries and this, in turn, could have a major negative 
impact on government finances (I).

4. These concerns have [irompted OECD policy makers to initiate pension sysiem reform 
programmes as part of a comprehensive reform of old-age security systems. An imponani reform trend in 
many countries is the shift to a greater reliance on funded pension schemes (as opposed to pay-as-you-go 
systcim). The growing importance of funded pension systems, in turn, is putting the spotlight on the 
regulatory, supervisory and tax regimes of pension systems (notably as.set allocation rules) and the role of 
financial markets in providing reiiicmeni income.

5. Taking into account the demographic and financial environment as described in paragraphs 3 and 
4 the following sections outline contributions that the CMF and the Insurance Committee (IC) would 
provide to the ageing population pioject.

Role of financial institutions in private pensions schemes

6. This part ol the study would provide a comparative analysis of the vanous types of private
pensions schemes at the occup.:iional and personal level and likely future developments in this field. 
Against this backdrop, the potcnnal role of the financial institutions involved in private pensions schemes 
(pensions funds, insurance eomptmics, securities firms and banks) in the context ot the challenges arising 
from ageing populations would be analysed. Attention will be paid in this context to policy i.ssues such as 
the complementary role of pnvaic schemes in relation to public schemes (inicrrelaiion between the three
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pillars, features of the differem private systems, etc.). Hti-S section would need to be drafted m close 
co-ordination with the other Directorates involved in the piqjcci.
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Funded pension .systems and rinancial systems

7. This section would analyse the impact of funded pension systems on the functioning of financial 
markets and the esieiu to which pension plan sponsors need well-functioning capital markets to run plans 
in an efficient manner.

8. Deftncd-contribulion and defined-benefii funded plans have led to a significant accumulation of 
savings in the hands of retirement systems in many OECD countries, a trend that is likely to continue in 
the years ahead. In a number of other countries however, such pre-funded systems only play a relatively 
small role; if these countries reform their pension systems in the direction of funded schemes in response 
to the (projected) budgciaiy pressures due to ageing, there will be an increased concentration ot ■ ,isi 
amounts of .savings under the control of funded pension sysiem.s.

9. Funded systems arc likely to have an imponant impact on the functioning of linancial markets 
via different financial intermediation functions (2). The growth in funded pension schemes (corporate, 
government and personal plans) implies that an increasing amount of savings need to be invested in the 
capital market in order to generate "adequate" returns on financial assets. Plan spon.sors (employers, 
employees, govemment) need well-developed .securities markets for the efficient execution of their 
investment strategics. The more efficiently a plan is run (measured by net investment returns), less 
contributions will be needed for defined benefit plans and, indirectly, for defined contribution plans. (It 
may be noted that analysis have calculated that an individual whose pension assets underperform his peer 
group by 1 per cent over a 35-year working life, will have a pension which is 42 per cent lower in value).

10. Conversely, a funded pension .sector that can invest freely in financial assets (subject only to 
prudential rules) encourages the development of c,apit;tl markets. In panicular. pension funds can be 
significant forces in the development of stock markets insofar equities are u.scd to enhance long-term 
rcium.s. It is often claimed that a dynamic funded pension sector contributes to the development of capital 
markets in various ways (3); by raising the supply of longer-ierni funds; by improving the elficicncy of 
fund allocation; by stimulating the modcmi.sation of the capital market infrastructure: and by encouraging 
the demand for new capital market instruments.
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Financial issues related to regulation and supervision of pension schemes

11. This part of the study would focus on the regulatory, supervisory and lax aspects of funded 
pen.sion systems. Tltese aspects determine to an imponant extent the freedom to manage and operate 
funded systems, including the execution of investment siraicgios (4). Regulation and ia.\ation are akso key 
determinants for umlerstanding the growth (or lack thereoO of funded pension plans. For these reasons, 
additional information on the regulatory', supervisory and lax aspects of funded pension systems needs u> 
be collected.

12. The expe. led increase of the role of funded schemes in pensions raises major issuc.s for 
policymakers related to both the protection of the retirees and the conditions for the development of thi. 
private pensions markets. The imponance of financial markets for the management of funded pension 
schemes implies that regulatory and supervisory aspects need to be carefully assessed. In several OF.CD 
countries, the present regulatory regime (e.g. minimum funding rules, ponfolio reslriciions. requiicmcius
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lo employ domestic fund managers) may prevent pension funds from reaching an optimal nsk/retum 
profile. 1-or example, a number >1 OECD countries require pension assets to be invested to a greater or 
lesser degree in their own government bonds; the free competition among fund managers may be limited 
by requirements to employ local managers or to manage funds internally; there are also limits on 
investing in foreign assets (.‘i). Also, pmdcniial rules (concerning, for instance, licensing, technical 
re.scrves and related solvency rules, disclosure rules, supervisory techniques, monitoring of financial and 
actuarial management) may have to be adequately considered or revisited in order to respond to technical, 
managerial and financial risks associated with the expansion of such schemes Over-regulatory effects 
have, however, to be carefully avided.

13. Considerations may al:o have to be given to the structure of tax provisions affecting funded 
pension schemes. Regulators and tax authorities should be encouraged to allow greater cHicicncy in 
investment management and pension plan administration. For example, in some countries tax laws 
discriminate against funded pension schemes; other countries impose taxes on contributions.

Non-level playing field between financial institutions

14. The different types of funded pension schemes operate under different regulatory and supervisory 
regimes. This raises the general issue of a non-level playing field for the different insliiuiional players 
involved in the management of pension schemes on the financial market (6). This pan of the project will 
focus in particular on the extent to which the playing field for life insurance companies, pension funds and 
other financial institutions offering "pension-iypc” products is non-level and the resulting degree of 
"unfair” competition (7).

Statistics on funded pension sel emes

l.'i. The Group of Financial Statisticians (CFS) has undertaken, and will continue, to collect data on 
the portfolio composition of pension funds within the framework of the "Insiiiuiional Investor" exercise 
carried out by the CMF. This part of the ageing project would aim to provide comprehensive and 
compiete statistics to facilitate policy analysis. The database will be expanded by i) including investment 
performance statistics on the various funded pension schemes and ii) collecting infonnaiion, on the basis 
of an internationally comparable methodology to be developed by the GF.S, on the structure of 
contributions and benefits in relation to pension plans (8).

Financial polity recommendations

16. The study would conclude with policy recommendations regarding the contribution that fin.incial 
markets can (and should) make to the efficient operation and managemem of funded pen.sion sysicms and 
the impact of the various dimensions of funded pension sysicm.s on the functioning ol financial markets. 
The following categories of policy recommendations are currently envisaged:

pension funds and the development of .securities markei.s (equity and corpoiatc bunds); 

pension funds and th«. supply of risk capital;
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- pension funds and financial markel infrasiructuie,

- financial issues rclaied lo regulation and supervision of pension schemes;

- nun-level playing field in the supply of pension-type products.

Suggested plan uf action

From an operational viewpoint, it is proposed to proceed as follows;

-- To incorporate in the study those parts of the work of the CMF on Insiituiiunal Investors that 
cover funded pension system.s and the relevant part of the work of the Insurance Commiuee 
(ICj on private pensions.

- CMF delegates have provided the Secretariat with a substantial amount of infonriaiion
concerning financial issues related to funded pensions systems as well as on several 
regiilaloiy. supervisory and tax aspects of these systems, as pan of the institutional investor 
project. Some additional material will need to be provided and incorporated. The regulatory 
sections of the project would benefit from the current work of the Insurance Coimnincc 
rclaied to the comparative analysis of regulatory and supervisory sy.sieins of pension funds 
and insurance companies, including solvency issues, and of their role in the Irituie 
development of retirement systems (9). The study can also refer to the work of the Joint 
CMIT/IC Group on portfolio investment abroad by insurance companies and pension funds. 
CMF and IC delegates will also need to assess whether there are problems with a m ii-level 
playing field due lo differences in regulatory and supervisory regimes of life insurance 
companies and pension schemes.

- Several parts of the study are fairly technical (e g. the structure of the various funded sclicmcs,
specific aspects of the different regulatory and supervisory regimes, specitil issues related to 
invcsiinenl policies). It is proposed lo discuss these more technical issues and their policy 
implications in a separate Experts' Meeting to which both CMF and 1C Delegates svill be 
invited.
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