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The Challenge of a Low-Carbon Future

Addressing the challenge of global climate change will require a significant reduction in
annual greenhouse gas (GHG) emissions in the United States and throughout the world
by 2050. A commonly stated goal is to stabilize atmospheric concentration of carbon
dioxide (CO,) at twice its pre-industrial level.' To meet such a goal in the context of
increasing global demand for energy, an increase of roughly 100 to 300 percent of
present-day worldwide “primary power” consumption would need to come from non-
CO;,-emitting sources such as renewables, nuclear, and the use of fossil fuels with carbon
capture and sequestration.” In addition to low-carbon primary energy sources, a future
low-carbon economy will require widespread use of lower-carbon fuels and energy
carriers such as hydrogen, and significant improvements in the efficiencies of energy
production, distribution, and end-use ‘[echnologies.3 The transition to a low-carbon
economy could have other benefits, including increased energy security, improved public
health, and increased economic development, but it will take several decades and will not
be easy. Achieving this transition will require near-term and long-term actions. In the
near term, it will be necessary to take advantage of current technologies and
opportunities, and to make substantial investments in the technologies of the future.

It will be especially difficult to meet the technological challenges inherent in developing
and deploying a suite of low-carbon energy technologies while achieving the traditional
goals of U.S. energy policy (i.e., providing extensive energy services at low cost and
through secure supply to a growing population and economy). Furthermore, low-carbon
energy technologies that compete with entrenched conventional (and usually high-GHG-
emitting) technologies are likely to encounter market, political, and societal barriers to
deployment.

Accordingly, there is a clear need to initiate and sustain policies to push and pull low-
carbon technologies into the market. Without such policies, businesses, consumers, and
citizens are missing opportunities for cost-effective GHG reductions and investment for
the future. Too often, the debate over GHG emission reductions pits near-term actions
against long-term investments in technology, when both are necessary. A variety of
policies, public and private leadership, and broad societal engagement will be needed to
bring low-carbon technologies into the market. Characteristics of the energy sector—long
capital cycles,” a high degree of system inertia, and susceptibility to path-
dependency’—highlight the need to begin now to promote technological change and
enable far-reaching deployment over the next 50 years.

Background on the “10-50 Solution”

Considering the long-term nature of the climate change challenge, the Pew Center on
Global Climate Change and the National Commission on Energy Policy (NCEP) hosted a
workshop entitled “The 10-50 Solution: Technologies and Policies for a Low-Carbon
Future” in March 2004.° The overall goal was to articulate a long-term vision of the



technologies and industrial process changes that would have to be in place 50 years from
now to effectively address climate change, as well as the policies that would have to be
initiated in the short, medium, and long term to achieve this vision. More specifically, the
workshop aimed to achieve three goals:

o Analyze the strengths, weaknesses, barriers, and opportunities for technological
options that could enable a low-carbon future;

o Develop plausible time frames for when various low-GHG technologies and
strategies might start to generate significant GHG reductions; and

o Identify steps (particularly policies) that could facilitate the development and
deployment of these technologies.

In preparation for the workshop, the Pew Center and NCEP commissioned new analyses
in five key technology areas with the potential to play a significant role in a low-carbon
economy: efficiency, hydrogen, carbon sequestration/coal gasification, advanced nuclear
technologies, and renewables. This is not an exhaustive list of future low-carbon energy
technologies. Although many other technologies and solutions such as the use of biofuels,
terrestrial sequestration, and land use changes’ will likely play a role in the transition to a
low-carbon future, the workshop restricted its focus to only five of the critical low-carbon
technology options due to resource constraints. In addition, lessons drawn from analyses
of these technologies should inform policy-making that could promote other low-carbon
energy technologies as well. One overview paper and two to four contributing pieces
were commissioned in each of these technological areas to provide alternative views of
the likely technological path forward in the short, medium, and long term; these papers
also examined relevant challenges and policy considerations for each technology area.
Overview authors were asked to present their papers as part of panel discussions at the
workshop.

In addition to panels discussing the technologies identified above, the workshop featured
several other panels and presentations. One panel explored opportunities in industry for
reducing GHG emissions and policy options for encouraging further reductions. The role
of natural gas in the transition to a low-carbon future was discussed through a brief
presentation, and it was a topic of discussion throughout all of the workshop sessions.
Finally, keynote speakers shared their perspectives on relevant topics including an update
on the implementation of the United Kingdom’s plan to reduce GHG emissions by 60
percent over the next 50 years,” opportunities for addressing climate change and energy
security concerns simultaneously, and examples of how forward-thinking states and
businesses are taking action on the issue of climate change and energy policy in the
absence of federal leadership.

More than 100 policy-makers, business leaders, NGO representatives, and leading
experts participated in the workshop.” Starting with the background papers and
presentations, participants worked to identify options for promoting low-carbon energy
technologies and industrial processes in the near, medium, and long term. Technological



uncertainty, policy uncertainty, and uncertainty regarding the degree of success of policy-
induced technological change prevented many participants from offering many policy
recommendations beyond the near term. Thus, most workshop discussions focused on the
policies needed within the next decade or two to enable these technologies to be widely
deployed over the next 50 years and beyond. This overview summarizes the papers and
identifies key points brought out in the conference. '’

Status, Potential, and Options for Promoting Development of
Five Low-Carbon Energy Sources and Technologies

A portfolio of new technologies and policies will be needed to enable the transition to a
low-carbon future by 2050. Workshop participants voiced widespread support for a broad
national policy that establishes a carbon price through market-based tools such as cap-
and-trade or taxes. Revenues from such measures could be used, in part, to support
research, development and deployment (RD&D)—another key component of a
comprehensive program to achieve significant emission reductions. Various policy
approaches to stimulating specific technologies as well as economy-wide reductions are
discussed below.

In the pull-out at the front of this proceedings, Figure 1 summarizes the technological
status and expected deployment of the five areas of focus in the 10-50 Workshop. This
figure shows the significant potential to reduce energy-related GHG emissions by 2050
through a portfolio of technology options. However, many of the assessments and
predictions of technological potential shown here are based on the assumption that
policies enacted in the near term would enable increased development and mid- and long-
term market deployment of the indicated technologies.

The pull-out at the back of this proceedings, Figure 2, describes various policy proposals
put forth by workshop participants. A mix of these policies, plus others yet to be defined,
will probably be necessary to enable the development and deployment over time of the
technologies described in Figure 1. As Figure 2 indicates, numerous policy proposals
suggested in workshop papers and discussions focused on the next 10 to 15 years, and
very few aimed beyond the 2015-2020 time frame. This more limited focus can be
attributed partly to a hesitancy to make policy prescriptions in the face of technological
(and other) uncertainties, but it also reflects the widespread sentiment of the 10-50
Workshop participants: that it is imperative to start now to develop technologies that will
enable a low-carbon economy by 2050.

Whereas Figure 2 emphasizes the need for near-term policy actions, Figure 1 shows the
significant and continued potential to reduce GHG emissions by deploying these low-
carbon technologies throughout the next five decades.'' The integration of Figures 1 and
2 shows that a suite of policies must be enacted in the near term to enable continuous
incremental reductions in GHG emissions through deployment of these technologies and
to better position society to select among low-carbon options in the future.



Figures 1 and 2 also show that enabling a low-carbon future will likely entail the
utilization of a variety of low-carbon technologies and policies, and that both broad and
technology-specific policies will be required. Below is a discussion of the current and
future technological potential of each of the five areas studied, as well as policies to
create incentives for deployment of each of these technologies over the long term.

Energy Efficiency

Broadly speaking, energy efficiency has saved the U.S. economy billions of dollars in
energy expenditures since the middle of the 20th century. Energy consumption per dollar
of real GDP has fallen by more than 50 percent since 1949,'* and energy price changes as
well as specific policies—including corporate average fuel economy (CAFE) standards,
mandated appliance energy efficiency standards, and building codes—have resulted in
billions of dollars of savings from reduced energy imports and electric energy
expenditures, as well as hundreds of millions of tons of CO, emission reductions.

The technological potential for energy efficiency improvements in the next 10 to 20
years, and potentially throughout the next 50 years, remains large. However, the degree
to which these potential savings are realized will depend on increases in the cost of
energy, adoption of policies, public and private investments spurred by incentives and
pricing, as well as continued improvements in energy-efficient technologies. Nonetheless,
even with present-day technologies, the potential energy savings and CO, emissions
reductions from energy efficiency are significant and critical. A few examples illustrate
this point:

* Adoption of four pending appliance standards (clothes washers,
fluorescent light ballasts, water heaters, and central air conditioners) could
result in significant energy savings for U.S. consumers, possibly saving as
much as $10 billion in energy costs by 2010"

* Replacement of four building technologies (ballasts, lamps, windows, and
refrigerators/freezers) with high-performance alternatives during the
natural building stock replacement cycle could save 190 billion kilowatt
hours (kWh) by 2010 and an additional 130 billion kWh by 2050"

¢ Creation of “cool communities”—which entails using more reflective
roofing materials and better use of landscaping for solar absorption and
shading—could reduce annual cooling loads by 10 percent and thereby
reduce total U.S. annual energy use by 0.5 percent'®

¢ Widespread adoption of “daylighting”'” technologies in U.S. buildings
could reduce 3—6 percent of total U.S. energy use (or 30—60 percent of
lighting-related energy)'®

*  Widespread adoption of better air conditioning technologies compatible
with natural ventilation and night or high mass cooling'’ could reduce
total U.S. energy consumption by 5 percent™



* Use of distributed wind, solar, and geothermal resources located on site of
many buildings in the United States by 2050 could make them net energy
expor‘[ers21

The technological opportunity in the industrial and transportation sectors is also large.
Estimates of the long-term potential for energy-efficiency increases in the industrial
sector range from 30 to 65 percent,”” and fuel economy of automobiles and light trucks
could increase by 50 to 100 percent by 2030.

Policy Options

Some near-term policy options are likely to increase adoption of energy-efficient
technologies:

* Mandatory reporting of GHG emissions. As seen with reporting of the Toxics
Release Inventory”* and individual firm GHG targets, entities conducting
inventories find opportunities for cost-effective efficiency improvements and
other GHG emission reductions™

* Adoption and promotion of building codes focused on maximizing GHG
reductions—examples might include “cool” roofs, daylighting, and ventilation

* Federal mandatory appliance standards—attractive candidates include air
conditioners, clothes washers, fluorescent light ballasts, and water heaters

* Increases in public RD&D in innovative energy efficiency technologies and
integrated systems, including publicly funded demonstration programs that
recognize major building type and climate specific opportunities

* Increased CAFE standards

* Incentives for the private and public procurement of highly efficient
technologies in areas from buildings to vehicles such as hybrid-electric and
advanced diesel vehicles

Hydrogen in Transportation

If produced from low- or zero-carbon energy sources, hydrogen can be used as a
transport fuel with nearly zero “well-to-wheels”*® GHG emissions.”” Hydrogen also has
the potential to achieve other societal benefits such as reduced local air pollution and
increased energy security. Presently, hydrogen is predominantly produced for use in the
worldwide petrochemical industry, and its use in transportation applications is
insignificant.”® Continued R&D on hydrogen technologies is likely to continue for the
next 10 to 15 years, with limited fleet and demonstration-project testing. Many analysts
think that a societal decision on hydrogen’s long-term viability as an energy carrier will
be needed in the 2015-2020 time frame. Assuming technological and cost progress,
hydrogen vehicles could start significantly penetrating the market after 2025.%

Significant technical challenges face the widespread use of hydrogen as a transportation
fuel, including difficulties associated with on-board hydrogen storage and the durability



and cost of hydrogen conversion devices (specifically fuel cells). In addition to
overcoming these many technical challenges, a reduction in economy-wide GHG
emissions from the use of hydrogen as a transportation fuel depends on the cost and
technical feasibility of producing hydrogen from low-carbon energy sources, including
renewables and fossil fuels with carbon sequestration. Despite these significant
challenges, hydrogen offers perhaps the best hope for solving multiple societal challenges
facing current and future transportation energy use, and thus it deserves serious
consideration.’® However, the political will to address the external impacts of energy use
through policy and technological progress will determine whether hydrogen plays a
major role as a future energy carrier.’’

In light of the challenges facing the use of hydrogen as an energy carrier, it is important
to continue to explore other options for reducing GHG emissions from the transportation
sector, including biofuels and, most importantly, highly efficient vehicles such as hybrid-
electric vehicles. In addition to offering the potential for significant near- and medium-
term GHG reductions, continued commercial experience with many technologies used in
hybrids (e.g., electric drive trains, advanced batteries, and sophisticated electronic control
systems) will be beneficial for any eventual hydrogen internal combustion engines or fuel
cell vehicles. In addition, policies that promote the use of highly efficient vehicles are
likely to also encourage the use of hydrogen vehicles.

Policy Options

The near-term policy options listed below will be needed to enable hydrogen to make a
significant contribution to a low-carbon economy by 2050:

* Development of a national energy policy that addresses the external costs of
energy use, including security, climate change, and traditional air pollutants

* Continued and increased federal support for hydrogen-related R&D, including
special emphasis on low-carbon hydrogen production, hydrogen storage, and
fuel cells

* National and international harmonization of hydrogen codes and standards

* Continued federal and state government support for, and participation in,
public/private partnerships and demonstration programs (e.g., California Fuel
Cell Partnership, FreedomCAR, and international cooperative efforts)

* Incentives to increase the development and deployment of hybrid technology
and vehicles and other low-carbon transportation technologies—many of
which are part of an evolutionary path toward the use of hydrogen and fuel
cells

¢ Education of consumers and the public regarding the societal costs of
transportation energy use and options for reducing such impacts, specifically
including hydrogen



Carbon Sequestration/Coal Gasification

The use of coal gasification technologies coupled with carbon capture and sequestration
in geologic formations has the potential to allow the United States (and the world) to use
its significant coal resources without releasing substantial GHG emissions to the
atmosphere. Although coal is mostly used for electricity generation, it is also possible to
make hydrogen from coal using gasification technologies. Thus, production of electricity
and hydrogen from coal, combined with carbon capture and sequestration (CCS), could
enable significant CO, emission reductions from both the electricity and transportation
sectors, which currently account for more than two-thirds of U.S. GHG emissions.

Injection of CO; into geological formations has been practiced for decades in the United
States in “enhanced oil recovery” (EOR) projects in oil and gas wells.” In addition to
EOR projects, there are six CCS projects underway worldwide. However, none of the six
currently operating projects nor any other planned projects sequester as much CO, per
year as would be needed to offset emissions from an average U.S. coal plant.”

Although estimates of total carbon storage capacity vary widely, the global geologic
capacity of depleted oil and gas reserves, coalbed methane reserves, and salt-water filled
formations is significant—most likely enough to enable sequestration of significant
percentages of global GHG emissions from the use of fossil fuels. One estimate of the
“known” resource places U.S. storage capacity at about 50 years’ worth of CO, emissions
from U.S. electric power plants in depleted oil and gas reserves alone.** Further work is
needed to determine the capacity of salt-water filled formations that are suitable for
carbon storage (potentially the largest resource for carbon sequestration).

Despite the potentially large storage capacity, significant barriers remain before
widespread use of coal gasification with CCS would be feasible, including

¢ validation of the geologic integrity of storage;

* cost of the carbon capture and separation technologies;

* integration of gasification, CCS, and electricity generation technologies; and
* public acceptance of geologic storage of COs.

Policy Options

If these issues are properly addressed within the next decade, coal gasification with CCS
could enter the commercial market around 2020-2025. Many experts conclude that
conducting a mix of domestic and international public/private partnership demonstration
projects is the best way to overcome some of these barriers. Accordingly, the main policy
recommendation regarding CCS is a significantly ramped up demonstration and
validation program for CCS technology and the integrity of geologic storage, starting
immediately. These recommendations, as well as other near-term policy options are
identified below:



* International coordination to plan, fund, and deploy coal gasification with
CCS trial projects that focus on remaining technical issues and with publicly
shared results (e.g., adequately addressing remaining uncertainties will likely
require four to six projects, at an estimated cost of approximately $5 billion,
and an estimated project lifetime of 10 years)

* Establishment of carbon sequestration trial projects in the United States to
validate the integrity of geologic storage (e.g., such validation will likely
require four such projects at an estimated cost of approximately $1 billion,
and an estimated project lifetime of 10 years)

* Removal of policy disincentives to shutting down old coal plants

* Initial establishment of a regulatory framework for underground CO, storage

* Promotion of R&D to reduce the cost of separation and capture technologies

* Increase in consumer and citizen education efforts regarding the scientific and
social costs and benefits of continued use of fossil fuels with geologic carbon
sequestration

Advanced Nuclear Generation

Nuclear power currently provides approximately 20 percent of U.S. electricity supply
from 104 operating reactors. Conventional nuclear power is considered by most to be a
“mature” technology. Despite its significant role in the U.S. electricity mix, the last new
nuclear plant was ordered in 1979,% and there are no current plans to build more in the
United States.”® Furthermore, approximately 10 percent of U.S. nuclear plant licenses
will expire at the end of 2010, and more than 40 percent will expire by 2015.>” Any
significant ramp-up of nuclear capacity would likely be a lengthy process, due in large
part to the significant time required to license and build a new nuclear plant. Thus, the
ability of nuclear power to contribute to avoiding significant GHG emissions by 2050
will likely be determined by whether a major deployment of nuclear power in the United
States starts in the next 10 to 15 years.

Such a deployment highly depends on the degree to which the nuclear industry can
overcome serious barriers, including

* cost;

* technical, political, and social concerns about nuclear waste disposal;

* increased proliferation risk; and

* public concern about the continued and expanded use of nuclear power.”®

Policy Options

Listed below are some of the near-term policy options that could address the barriers to
nuclear generation and that could increase the likelihood of a large-scale deployment
scenario. However, even with the adoption of a comprehensive suite of policies to
promote nuclear power, the role of nuclear power in the future will ultimately be



determined by the willingness and ability of the electric industry to increase deployment
of nuclear plants.

* Electricity production tax credits for “first mover” nuclear plants up to 10
gigawatts electric (Gwe) at a level similar to the wind production tax credit
(currently 1.8 cents/kWh)

* Significant expansion in size and scope of the U.S. DOE’s nuclear waste
management R&D

* Strengthening and reorientation of the current international safeguards regime
to meet the non-proliferation challenges of globally expanded nuclear power

* Re-ordering of the priorities of the U.S. DOE nuclear fuel cycle R&D to focus
on the “once-through”™ fuel cycle

* Public dialogue and education on the costs and benefits of nuclear power,
especially in the context of climate change

Renewables

Some experts estimate that renewable sources of energy, including wind, solar,
geothermal, oceans, and biomass, could provide between 20 and 50 percent of U.S.
electricity by 2050.* Despite this potential for growth, these sources currently provide a
small fraction of commercial energy in the United States and around the world. For
instance, in 2000, wind, solar, and geothermal energy (in combination with combustible
renewables, and the burning of garbage and other wastes) collectively provided just 1.6
percent of electricity production worldwide.”' In 2002, these sources provided 2.2
percent of electricity generation in the United States.*

Despite their low levels of deployment relative to other electricity-generating
technologies, renewables such as wind and solar continue to sustain impressive annual
growth rates. The wind industry grew by 30 percent annually worldwide over the past
five years, and annual global growth in the production of photovoltaic cells holds steady
at roughly 20 percent.” Nevertheless, closing the gap between the current low level of
renewables deployment and their high potential will likely require significant and
sustained policies and programs.**

Policy Options

Listed below are policy options to motivate and support a massive ramp-up of
renewables. Each of these policy proposals focuses on one or more of the commonly
cited market or technical barriers facing widespread deployment of renewables: cost,
intermittency,” the remote nature of many renewable resources,* and the number of
generation sources that would be required.”’

* A national renewable portfolio standard with set-asides for specific generation
technologies* and with tradable renewable energy credits



* A massive “third stream”® of R&D by the U.S. DOE focused on renewables;
such a program should be on the order of an “Apollo” project and should
include three characteristics:

- A focus (at the National Renewable Energy Laboratory and other national
labs) on making renewables commercially competitive beyond niche
markets

- Reduced uncertainty in funding for renewables—possibly “forward-
funding™ of renewables R&D to reduce the year-to-year variability of the
annual appropriations process

- Revamping of the U.S. DOE’s renewables R&D portfolio to include more
high-risk R&D (i.e., away from strictly risk-averse R&D portfolios)

* National test beds for new electricity grid systems followed by an extensive
modernization of the grid, including intermittent and distributed energy and
combined heat and power

* Increased research on expanding energy storage options

¢ Pollution fees for polluting energy sources

¢ Continued support to help renewables become competitive with fossil fuels
for electricity generation (e.g., through tax credits)

Common Themes and Policy Recommendations

In addition to the technology-specific insights above, a number of common themes and
policy recommendations emerged from the workshop. Broadly speaking, these can be
grouped into four over-arching points: (1) clear and consistent policy signals are urgently
needed; (2) a portfolio of technologies and policies will be needed to drive the absolute
reduction of GHG emissions necessary to address climate change; (3) a low-carbon
technology revolution will require both leadership and broad engagement throughout
society; and (4) it is essential to start now. These common themes and policy
recommendations are explained in more detail below.

Clear and Consistent Policy Signals Are Urgently Needed

Policy is needed to set the framework for a low-carbon future, and businesses and
markets need to believe in the legitimacy of the policy framework. For instance, the
United Kingdom is implementing a goal of reducing GHG emissions by 60 percent by
2050. Such a commitment sends a very powerful signal to markets that the UK
government is serious about addressing climate change, and it helps to reduce the level of
uncertainty in the investment decision-making process of private and public entities. It
also aligns the government’s various efforts toward the same goal of reducing GHG
emissions through advancing the RD&D agenda, transportation policy, energy policy,
environmental policy, and other areas. In addition, the UK government’s willingness to
revise policies after input from businesses (specifically establishing an interim target for
the year 2015 as part of its “renewables obligation”) can be key to establishing legitimacy
and to further strengthening market confidence.”'
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Additional policies that send clear economy-wide signals of a shift towards a low-carbon
future include mandatory reporting of GHG emissions, and imposing a price on GHG
emissions such as would be established through enacting an emission cap-and-trade
system. However, such “signal” policies should be supplemented where appropriate with
technology-specific policies as well as policies that broadly promote the significant
development and deployment of low-carbon energy technologies. The UK plan includes
such necessary supportive policies. It is particularly important to implement climate
policies now, because the current policy uncertainty is costly for firms that must make
investment decisions without a clear idea of what future climate policies will govern
them. For example, the long lifetime of capital stock that firms invest in today may slow
the ratfszzat which the United States can obtain significant GHG emission reductions in the
future.

Mandatory Reporting of GHG Emissions. Past experience shows that emission
tracking and reporting by companies can be extremely effective at motivating
GHG reductions and innovation—companies find that “what gets measured gets
managed.” One important first step in any domestic program could be developing
a reliable and credible system for tracking and reporting GHG emissions. Similar
to the federal Toxics Release Inventory (TRI) program, a mandatory GHG
reporting program would apply to all major sources of GHG emissions and would
require disclosure of the reports in a publicly accessible Internet-based database.
Between 1989 and 1999, manufacturers’ release of 340 chemicals covered under
the TRI program dropped by 45.5 percent.”

GHG cap-and-trade. Emission trading has emerged as a popular and cost-
effective policy tool for controlling air pollution, perhaps most notably in the
reduction of sulfur dioxide (SO,) emissions under the U.S. Acid Rain program. A
properly designed program provides a framework to meet emission reduction
goals at the lowest possible cost. It does so by giving emission sources the
flexibility to find and apply the lowest-cost methods for reducing pollution.
Emission trading is especially well suited for controlling GHG emissions because
the effects of GHGs are the same regardless of where the source is located and
when the emissions occur.>* A conventional cap-and-trade program establishes an
economy-wide or sectoral cap on emissions (in terms of tons per year or other
compliance period) and allocates or auctions tradable allowances (the right to
emit a ton of GHGs) to GHG emission sources or fuel distributors. The total
number of allowances is equal to the cap.”

Policy Flexibility Should be Balanced With Reasonable Policy Certainty
Early policies should not be too prescriptive in picking one technology while significant

technological and market uncertainty remains. On the other hand, uncertainty regarding
future technology options cannot be used as an excuse for near-term inaction. Developing
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an effective strategy for addressing the low-carbon energy challenge will require
ongoing evaluation and course corrections as technologies evolve. Therefore, policies
need to be structured to ensure the flexibility to allow them to take advantage of near-
term options, while keeping the door open to other long-term options. Mistakes will be
made, and precautions must be taken to reduce their frequency and magnitude, but the
likelihood of mistakes happening should not stop aggressive experimentation with new
technologies and policies. The challenge of designing policies under technological
uncertainty and the possible need for societal choices at some point in the future are
highlighted in Figure 3. This chart shows many of the potential technology
breakthroughs involved in a transition to hydrogen over the next few decades, and it
highlights the need for policy flexibility.

Figure 3: “Decision Analysis” of Hydrogen Energy as a Carbon Dioxide Mitigation
Strategy for Transportation
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At the same time, any suite of policies must balance the need to allow for iterative policy
development with the need for policy certainty over a reasonable time period to foster
sustained research and market development. The effect of inconsistent policy support for
low-carbon energy technologies is graphically demonstrated in Figures 4 and 5. Figure 4
shows the “boom and bust” effect of the existence and expiration of the wind production
tax credit (PTC) in the United States, while Figure 5 depicts the steady wind industry
growth in Germany given steady regulatory support.
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Figure 4: The effect on the U.S. wind industry of the expiration of the PTC”’
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Figure 5: The effect of consistent policy support for wind in Germany™®
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The figures demonstrate that policies to promote low-carbon technologies must be in
place long enough to foster market confidence and sustain market growth over a
reasonable period of time.

A Portfolio of Technologies and Policies Will Be Needed to Address
Climate Change

There was general consensus that no single technology or policy will be sufficient to
enable a low-carbon future by 2050. Many low-carbon energy technologies and fuels are
currently available or offer great promise for the future (including many not addressed in
the workshop), and such a portfolio will be needed to satisfy the world’s current and
future energy needs in a climate-friendly manner. Similarly, a suite of policy options will
likely be needed to push and pull these technologies into the market. Although many past
governmental attempts to “pick winners” have been unsuccessful, a comprehensive
strategy to enable a low-carbon future will likely require the development and enactment
of both general and technology-specific policies, because, over time, investment will
likely center on specific viable low-carbon technologies. The government will likely have
to engage in some form of technology husbandry with its limited R&D resources. For
example, if hydrogen is to become a significant transportation fuel, development of
hydrogen infrastructure must begin at some point—a process that is unlikely to occur in
the absence of specific policies. The challenge is to design policies that are neutral
enough to promote the development and deployment of a suite of low-carbon
technologies, yet also tailored enough to push and pull some specific low-carbon
technologies that might not enter the market under a broad policy mechanism. Both types
of policies are needed.

Efficiency Will be Key in Both the Near and Long Term

Efficiency will be key to achieving a low-carbon future in 2050. For example, the United
Kingdom expects efficiency gains to account for nearly half of its targeted 60 percent
CO; reductions over the next 50 years,59 and in 1997, the U.S. President’s Council of
Advisers on Science and Technology (PCAST) found that cumulative efficiency gains of
2 percent per year (in terms of energy use per GDP) could reduce the need for low-carbon
energy sources by two-thirds by 2050.%° There are also many opportunities for significant
efficiency gains in the near term, especially in the building and transportation sectors, but
some degree of regulation and/or standards will probably be necessary to realize these
gains in the market.

Buildings are a big variable over the next 50 years. The potential for
significant reductions in building energy use over the next 50 years is huge, yet
the degree to which this potential will be realized remains uncertain. New and
enhanced policies and initiatives will likely be needed to realize the potential for
GHG reductions from the building sector, possibly including enhanced use of
building codes and standards (e.g., LEED — Leadership in Energy and
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Environmental Design standards®"). U.S. DOE-sponsored design competitions
might help to inform buildings codes and standards development. Increased
product standards (e.g., appliance efficiency standards) also could facilitate
emission reductions.

Hybrids are also key to a “10-50” strategy. The increased use of hybrid
vehicles may enable significant GHG emission reductions in the near, medium,
and possibly long term. Encouraging the deployment of hybrids, or other lower-
GHG vehicles such as advanced diesels or cars powered by biofuels, is consistent
and complementary with policies that may promote a transition to a hydrogen-
based transportation system. Increased “hybridization” and/or “electrification” of
the drive train is likely to be critical to future hydrogen-based vehicles that may
be deployed in significant numbers (most likely after around 2030), and
hybridization will likely be key to any future options for light duty vehicles.”

Natural Gas Could Play a Key Role in the Transition

Natural gas will play an important role in any transition to a low-carbon future, but the
extent of this role will be determined by the degree of success of efforts to address supply
and price concerns in the United States and the global market. During the 1990s, natural
gas emerged as the fuel of choice for new electricity-generating capacity in the United
States because prices were low, new gas plants are relatively quicker and cheaper to
build, and natural gas is cleaner than other fossil fuels. For example, until cost-effective
CCS technologies are developed and employed, combustion of one Btu of natural gas
will produce 40 percent less CO, than combustion of one Btu of coal.”’

Recently, however, U.S. natural gas prices have increased dramatically, depletion rates of
domestic conventional natural gas resources have risen rapidly, and many known reserves
are in areas that are restricted or that tend to be difficult and expensive to produce.* As a
result, several energy companies have announced plans to build new coal-fired units, and
the United States has seen significant natural gas demand destruction,” particularly in
natural-gas intensive industries such as fertilizer manufacturing. Nonetheless, aggregate
demand for natural gas in the United States is expected to increase from 22.8 trillion
cubic feet (TCF) in 2002 to 31.4 TCF by 2025.% A combination of efficiency
improvements to reduce demand and measures to increase supply will be necessary for
natural gas to facilitate the transition to a low-carbon future. A suite of technologies and
investments will be needed to address the following key natural gas challenges:

* More efficient use of natural gas resources (this is particularly critical for taking
pressure off supply in the near term);

* Support for research and development of conventional and unconventional gas
resources;

* Addressing of domestic supply constraints (e.g., development of new reserves,
siting of liquefied natural gas (LNG) terminals);

* Access to stranded gas resources; and

* Extension of the resource base through alternative fuels.®’
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Increased and Revamped RD&D is Necessary

Effective research, innovation, development, and deployment strategies will be critical to
enabling a low-carbon energy future. Current levels of federal RD&D need to be
significantly increased to reflect parity with other sectors in the U.S. economy (on an
RD&D dollars spent per GDP-generated basis) and with the magnitude of the challenge
of enabling a low-carbon energy future. Equally as important, strategies for managing
these funds need to be revamped. Current RD&D efforts on low-carbon technologies
suffer from a cultural focus on niche markets, inter- and intra-agency “stove-piping,”
uncertainty caused by the annual appropriations process and cycle, and detrimental
Congressional earmarks on scarce funds. The federal government needs a more integrated
approach to RD&D—to focus the appropriate agencies and resources on critical RD&D
needs at appropriate times within a long-term R&D framework. “DARPA-like”®®
management is needed to instill a culture focused on development and commercialization
of these technologies, and forward funding would help reduce the level of uncertainty and
detrimental earmarks. Public/private partnerships and government procurement have a
key role to play as developers and incubators of technology and to foster “learning by
doing”—a critical step in bringing down the cost of low-carbon technologies and
increasing deployment. While support for breakthrough technologies is often appealing,
experts point out that what often appears to be a breakthrough is indeed the result of years
of incremental investment and work. Public/private partnerships are an effective vehicle
for enabling sustained incremental improvements in the performance and cost of low-
carbon technologies.

International Efforts are Needed

Domestic RD&D and policy efforts need to be conducted in concert with international
efforts, while considering the energy needs of the international community. Some RD&D
efforts (e.g., those focused on coal gasification/carbon sequestration) would benefit
greatly from collaboration and/or coordination with those in other countries. International
efforts are needed to harmonize codes and standards for lower-emission vehicles,
especially those relating to hydrogen vehicles and infrastructure.”” Basic energy-service
needs and desires will dominate the energy development trajectories of much of the
developing world over the next 50 years. RD&D efforts between developed and
developing countries, although sometimes politically unpopular, can be mutually
beneficial, and they will be necessary to enable a worldwide low-carbon energy future in
2050.
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A Low-Carbon Technology Revolution Will Require Both Leadership
and Broad Engagement Throughout Society

The Need for Leadership

Enabling a low-carbon future will require strong leadership from public- and private-
sector decision-makers including federal and state lawmakers, business executives, and
other public leaders. Like sending a “signal” to a market through a cap-and-trade
program, high-profile leaders’ acknowledgement of the collective need to address climate
change can profoundly affect the behavior of consumers, investors, employees, and
citizens. Such impacts have been demonstrated when CEOs of large corporations have
made reducing GHG emissions within company operations a high priority. Experience
has shown that when employees are told to look for opportunities to reduce GHG
emissions they have done so very effectively. Such leadership is also being demonstrated
by many state governors who have recognized the need to address the significant risks
that climate change poses to their states, and who have decided to fill the leadership void
left by the federal government.

The Need for “Bundling,” Non-traditional Alliances, and Public/
Private Partnerships

Many workshop participants stressed that effective use of “bundling,” alliances, and
public/private partnerships will be necessary to enable a low-carbon future. Policy
initiatives that promote low-carbon energy technologies will be most effective if they are
bundled with efforts that address multiple societal concerns such as increasing energy and
national security, reducing conventional air pollution, and promoting local economic
development. Enactment of such bundled policies may benefit from alliances of
stakeholder groups that have not traditionally worked together, including national
security experts and environmentalists, and proponents of nuclear power and proponents
of renewables. Similarly, bundling of individual GHG reduction measures will also be
important to increasing the deployment of low-carbon technologies. For example,
maximizing the deployment of multiple small building efficiency measures may be best
achieved through building codes or similar policy tools, and the deployment of
renewables could be significantly increased through cost reductions enabled by bundling
renewables projects with efficiency measures. Finally, public/private partnerships will be
important in accelerating the development and deployment of low-carbon technologies.
Such collaborations draw on the specific expertise of government, business, and
academia, combining scarce resources and sharing insights for effective research,
development, and deployment outcomes.

The Role of Consumers and Citizens
The need to involve consumers and citizens in the development of markets for low-
carbon energy technologies and fuels is obvious to many, but strategies for doing so are

not as readily apparent. Public education is needed to explain the benefits of addressing
climate change, the risks of inaction, and the options for reducing GHG emissions. Better
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labeling of fuels (e.g., at the pump) and energy-consuming products (e.g., appliance
energy-use labels), and increased availability of relevant information on energy
generation and use could be effective in raising consumer awareness. Product standards
and increased availability of “green” power also would affect the markets for low-carbon
technologies. In addition, increased consumer information in the building and electricity
sectors might play an important role (e.g., required disclosure of building energy use
during sales transactions of the existing residential capital stock, and disclosure of
sources and emissions to electricity consumers). Furthermore, policies that address mixed
incentives (e.g., between landlords and tenants) may help to increase consumer interest in
reducing energy use.

The Need for Greater Engagement from the Research Community

The financial resources and creative ingenuity of universities and private-sector research
institutions need to be more focused on the critical challenge of providing for a future
low-carbon energy system. Such increased engagement would likely include better
funding for relevant graduate-level research, more attention to these issues in
undergraduate and graduate education, and an institutional and collective focus on
addressing the critical research issues related to low-carbon energy sources and
technologies throughout the public and private research communities.

It Is Essential to Start Now

Finally, a recurring theme of the workshop was the need to immediately start developing
technologies and policies to address climate change. Already some governments and
businesses have begun taking steps to reduce emissions, but as the workshop papers make
clear, more can and should be done in the near term. While climate change is a long-term
problem and some solutions might take years to play out, many actions can be taken now
to reduce emissions and to lay the groundwork for future technological development and
associated GHG reductions.

Conclusions

Using a portfolio of energy technologies and policies, the United States can be well into a
transition to a low-carbon future by 2050. However, achieving such a future necessitates
a significant, explicit, and comprehensive effort, including policy signals to markets that
indicate a long-term policy commitment to such a future. Clear GHG reduction targets for
both the near and long term are needed to encourage consumers, citizens, and companies
to look for ways to reduce GHG gas emissions; to spur private investment in low-carbon
technologies; and to set the broader framework for policies that will enable a long-term
GHG reduction target to be realized.

However, such economy-wide signals, although necessary, will not be sufficient to
enable a low-carbon energy future. Significantly reducing energy-related GHG emissions
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by 2050 will require continued improvements in energy-related technologies, and it will
require policies that push and pull a wide variety of low-carbon energy technologies into
the market. To that end, increased and refocused RD&D covering a broad suite of critical
low-carbon energy technologies is needed, including a restructuring of RD&D portfolios
to reflect the need for massive deployment of low-carbon energy technologies.
Meaningful technology deployment will also require investments in critical energy-
related infrastructure and robust market development policies. Dissemination of such
technologies will also benefit from policies such as new efficiency standards and
consumer labeling. In addition, public and private leadership, consumer and citizen
involvement, engagement of the research community, and international cooperation will
be key to developing and significantly deploying a suite of low-carbon technologies.

Analogous to an energy RD&D portfolio, the United States needs a flexible and
evolutionary policy portfolio that consists of sound climate policies to promote GHG
reductions, creates and promotes the use of new low-carbon technologies and fuels, and
ultimately provides for the decoupling of economic growth and CO, emissions. Most
importantly, it is critical to start now to spur the critical investments necessary to provide
for a low-carbon future by 2050.
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