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Preparing for today’s talk, I recalled the well known 1970’s quote of then Saudi oil minister Sheik Yamani: “The stone age didn’t end for lack of stones, and the oil age will end long before the world runs out of oil.”



This is taken by many as a joke, but in fact it makes an important point about today’s energy challenges. Indeed, we can interpret our responsibility as technology and policy innovators to accelerate this outcome!



The growing list of energy challenges is daunting: Dramatically rising energy demand, climate change, declining conventional energy supplies, technically-challenged alternatives, energy related pollution in the world’s mega-cities particularly in the developing world, and the associated changes in the geopolitical landscape. 



Energy is also a fundamental enabler of modern life.  The energy industry provides consumers with essential – perhaps irreplaceable -- services.  The centrality of energy to global economic and environmental health and the magnitude of our energy challenges place enormous pressure on innovators to radically transform today’s energy industry and to do so without disruption of essential services or significant economic dislocation.


Today’s Focus

# Global energy challenges
# How federal energy policy and
funding tracks energy challenges

Technology roads not chosen
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For the private sector, energy prices will set the research agenda and drive the development of proprietary technologies that will maximize their value -- and today’s high prices in the US, and increasingly in Europe, are in the “incentivizing the alternatives”  



But as I noted, the centrality of energy makes it a key public good and however inadequate, policy makers seek to promote a balanced mix of research investments, incentives and regulations that will address key energy challenges..  



The trick is in ensuring that the actions of government are sufficiently rational, strategic and transparent that they do not result in stranded investments on the part of industry . . . that they do not achieve unintended and negative consequences . . . and that they promote the key long term strategic energy objectives of the United States.  I have spent most of my career in the federal public sector – my experience suggests that this balance not easy – some would say impossible -- to achieve. 



The government is continually subjected to the pushes and pulls of entrenched political interests and is captive to even more entrenched bureaucracies.  Consequently energy policy is not always rational or strategic.  One has to look no further than opposition to increased fuel efficiency standards for an example. 



Also, the notion of what constitutes a public good changes from Administration to Administration and is frequently tinged with ideological positions that have little to do with true energy security or a well functioning energy marketplace.   In addition, federal policy is shaped by the resources at hand and the cost of those resources, are weighed against other public policy objectives, environmental mitigation for example.   



Finally, decisions by the government are made on limited, incomplete and even inaccurate data.  As such, from the perspective of the public sector, getting the balance right is very difficult indeed.



Today I want to first briefly discuss our energy challenges ….




Today’s Focus

Global energy challenges




Energy Challenges (in short)

# |Increased Energy Demand
# Climate Change
# Energy Security

- plus —

# Scale
# Urgency
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I believe our overarching energy challenges are …



Increased energy demand

Climate change

Energy security



I have added a couple of bullets that do not necessarily rise to discrete challenges but nevertheless represent significant issues as we work to address the highest level challenges.



Scale is a boundary condition, the urgency, in my view, is primarily driven by climate change.  Will discuss this further in a minute.



Talk very briefly about these challenges.
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First, energy security.  Primarily been considered oil security but gas markets are becoming increasingly global. This slide illustrates the location of the world’s fossil energy reserves.  Purple oil, yellow gas,pink is coal.

Just a few data points --

Around 86% of the world’s oil reserves are in 12 countries (assumes Canadian tar sands).  Roughly 68% of global proved gas reserves are in 11 countries.

 Over 73% of the world’s proved oil reserves and 66% of the world’s gas reserves are in the same 11 countries:  Russia, Iran, Iraq, Kuwait, Qatar, Saudi Arabia, UAE, Algeria, Venezuela, and Nigeria.  Russia is the only one of these countries not in OPEC.  



World coal reserves are also very concentrated but in a different set of countries. 82% of the world’s coal reserves are in just 7 countries: the US, Germany, South Africa, Australia, Russia, China and India.  Russia is the only country in the top tier of reserves for each of the three fossil fuels.



Challenge one.  The uneven distribution of oil and gas supplies and productive capacity, non-assured access to those supplies, and volatile energy prices threaten national, regional, and world stability   and economies
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Overall demand increase over 2005  56%

Natural gas  	73%

Coal	70%

Renewables	44%

Oil	39%

Nuclear 	18%



Scale of need



Interesting points.  Largest single end use of all energy is industry at around 35%



47% of energy is wasted, suggesting significant energy strategy






CO2 Emissions 2030

Estimated Carbon Dioxide Flows: CCS =0 Vented = 42.72 [Gt CO2/Year]
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End uses	

Industry	38.5%

Electricity	34.7%

Transport	18.7%   	Cars  42	Freight    41	   Planes   17



I am sure you have heard our energy situation described as the “perfect storm.” If increased demand and energy security are fronts in that storm, then climate change is the category-five hurricane.  



Why?  Because the world has roughly 50 years before we exhaust our emissions “budget” for the doubling of pre-industrial concentrations of CO2 in the atmosphere, the level many consider the outer limit of prudence .History has shown us that it also will take roughly 50 years for major transformation of the world’s energy systems.  

In addition to innovation in conventional and transformational technologies, we must seek key synergies in technology development and deployment that address both climate and energy security -- the two different faces of our “carbon problem.”  This means we must develop and deploy carbon-free (and carbon–light) electricity supplies -- nuclear, coal with carbon capture and sequestration, solar, wind, engineered geothermal, and natural gas.

 

We must also put a major effort into end use energy efficiency in industry, vehicles, homes, and commercial buildings. In addition and importantly from an energy security perspective, we need to supply a significant percentage of our transportation fuels from alternative sources such as biofuels and low-carbon electricity.  This will introduce true elasticity into transportation fuel markets, a key market feature for reducing price volatility.

Challenge three.  Environmental stress increases the potential for regional political instability and tensions.  Also, action is urgently needed
























Scale of the Technology Challenge

# The replacement cost of today's global
energy-supply system—all of the power
plants, transmission lines, drilling rigs,

pipelines, refineries, coal mines—is in the

range of $12 trillion

# Reversing the profile of the fuel mix in
40 years — 80% fossil fuels to 80% non-
fossil fuels
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Turn now to scale.

Investment.The replacement cost of today's global energy-supply system—all of the power plants, transmission lines, drilling rigs, pipelines, refineries, coal mines, and so on—is in the range of $12 trillion



A couple of data points on supply--. 



Environment. We must be able to produce energy and mitigate its environmental impacts at scale if technology is to be material in addressing climate

e.g., sequestration: a 500MWe coal plant with most of the CO2 captured will yield over a billion barrels of compressed CO2 over a fifty year lifetime; and need about 1000 across the globe.



Supply

renewables:  solar in particular has immense potential (100’s of TW’s?) 

Geothermal has similar potential

But many renewables have low conversion energy density – e.g., solar and biofuels  which leads to other scale problems if and when deployed  which at the multi-TW scale; need integrated analysis and policies, including social  factors




Administration Priorities
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Turn from challenges to an overview of our federal investment in energy technologies.



According to GAO, DOE’s total budget authority for energy R&D dropped by over 85 percent (in real terms) from 1978 to 2005, peaking in the late 1970s but falling sharply when oil prices returned to lower levels in the mid-1980s



Specifically, DOE’s R&D budget authority dropped from about $5.5 billion (in real terms) in fiscal year 1978 to $793 million in fiscal year 2005 



I picked this budget year because it is the last year before the President announced a change in direction for energy research which I will discuss next.



In FY 06, 32% renewables, 23% nuclear, 45% fossil fuels, again 90% of that is for coal 



Efficiency not on this slide.  Efficiency funding for FY 06 totaled $302 million.  Of this amount, 59% was for vehicles, 22% was for buildings, 18% was for industry.  I would note that these funding priorities, with industry coming in last, is inconsistent with overall energy consumption in the US and globally.



\
















2006 Revised Administration Energy Policy

In his 2006 State of the Union Address,
President Bush declared

“America is addicted to oil,
which is often imported from
unstable parts of the world.
The best way to break this
addiction is through
technology.

Since 2001, we have spent nearly $10 billion to
develop cleaner, cheaper, and more reliable
alternative energy sources -- and we are on the
threshold of incredible advances.”

o
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Puts a lot of pressure on the innovators and technologists to address our energy challenges. 



I would also say the new technologies are necessary but insufficient.  Without fundamental, creative policy support and leadership, the job of the technology innovator will be much harder. 


MIT Energy Initiative

Bush Administration Policy Thrust:
Cure US “Addiction to Oil”
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A couple of notes about this list.



Biofuels, will discuss later, directly related to cars

Coal gasification related to climate change, CO2 capture

Hydrogen, transportation but will discuss later



Vehicle Technology, directly related to oil but the program is not largely focused on hybrid plug ins nor is it related to hydrogen vehicles.





GNEP and solar are both electricity related.  We can assume they may have some relationship oil if we intend to go the plug in hybrid route.  That would call into question, however, the biofuels and hydrogen research thrusts.
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First major new thrust area announced by the president..  The program described on this slide is a new effort by the Office of Science.  There is also a significant biofuels program in DOE’s renewable energy office.  It remains to be seen whether these programs will be well coordinated but my experience suggests this is not likely.



According to the Department of Energy, an estimated 1.38 billion dry tons of various types of lignocellulosic biomass could displace as much as 30-35% of annual liquid fuel consumption in the US, do so sustainably, and still continue to meet food, feed and export demands. 



The target date for deployment of technologies from this program is 2025. 



Couple of points:  can already gasify and produce biomass liquids through thermo-conversion of biomass.  Also, ethanol will require substantial new infrastructure.



By 2025 would only displace 30% of liquid petroleum fuels –



Big argument amongst energy policy types in washington over this percentage and its value for energy security.  I would say that its energy security value lies largely in the introduction of some elasticity in oil prices by offering options to petroleum based fuels. 
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Turn next to coal gasification on the list of the President’s new energy research focus areas.

The current gasification favorite of the power and coal industries, many in Congress and the Bush Administration -- Integrated Gasification Combined Cycle (IGCC) – enables relatively efficient power generation, the capacity to separate waste streams, (including CO2 pre-combustion), reduction of air pollutants, and the ability to produce hydrogen. 

Complicated flow diagram to illustrate the complexities of IGCC technology even without carbon capture.  Configuring IGCC plants to capture carbon and produce hydrogen adds additional layers of complexity  -- the “Integration” in the Integrated Gasification Combined Cycle moniker is not trivial.



Incentives in EPACT 05 only required that IGCC plants be capture capable, not capture ready. 

Future Gen

Administration supports so-called futuregen project is a large scale igcc facility.  Three issues: 

research facility as opposed to demonstration, 

insufficient funds, not clear that IGCC is clear winner, may be other technologies that are more appropriate.



Administration also under funding Future Gen.  FY 07 $54 million request, $18 M from Congress.

Core program




Solar, Hydrogen, Nuclear

Nuclear funding request up
106% over FY 06 to $347 M

Solar funding request up 80%
over FY 06 to $148 M

Hydrogen funding request up
30% over FY 06 to $213 M
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Hydrogen

About 80% of the original energy generated in order to produce hydrogen is lost.  Energy balance is not good, particularly when one considers that plug in hybrids, diesel plug ins are moving the mileage goal post fairly substantially. 



Starting Over�To build a "hydrogen economy," we would need to start over with everything. Hundreds of thousands of miles of pipeline, 90,000 new pumps at service stations, 210 million vehicles—everything.

Plus we need new  materials

Hydrogen leaks – tanks, pipes, valves, and fittings all along the way leak constantly. it's also highly reactive, and makes metal brittle and prone to leakage. 

The fuel cell vehicle will be quieter and have lower conventional pollutant tailpipe emissions, but will probably be considerably more expensive.  Further, the hybrid technology is largely at hand; this provides a technological foundation, if the political will can be marshaled, for a government incentive or regulatory program that aims to reduce oil use significantly – or at least to temper any increases – over the next few decades, consistent with security policies. 



Nucs

Don’t see how we can avoid the doubling of the carbon budget without nucs. nuclear: need tripling (about a TW) of nuclear power worldwide  to make appreciable dent in climate risk mitigation at mid-century; scale issues: capital intensity, waste management,… License requests in because of incentives in EPACT 2005 but investors are still very wary because of regulatory uncertainty, unresolved waste issue, cost



Solar




Critical Research Roads
Not Traveled (or traveled

lightly)
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the scale of the hydrogen supply that will be required to displace a substantial part of oil use is daunting.  As noted, the EIA business-as-usual projection indicates an increase in world oil consumption of about 40 mbpd by 2025 (about a 50% increase), driven mostly by transportation demand.  This is the equivalent of about 80 exajoules per year.  



On an energy equivalent basis (that is, not accounting for net efficiency in producing or using the hydrogen), this corresponds to about 600 billion kilograms of hydrogen per year (one kg has approximately the energy content of a gallon of gasoline).  



Supplying this from natural gas would require about 75 Tcf/year, approximately equal to today’s total world supply.  The implications for natural gas prices would presumably be very significant.  



Supplying hydrogen by conventional electrolysis of water, at 50 kWh/kg [15], would require about 30 trillion kWh of electricity, more than double today’s total world supply of electricity.  About 3.5 TWe capacity would be needed to produce this quantity of hydrogen, all of it operating at full capacity factor.  This would still displace only about a third of total oil use projected for 2025. 
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DOE approach – 7 regional partnerships, 350 members, FY 07 funding: 



Also, an inexplicable focus on sequestration and enhanced oil recovery.  Capacity relatively small, very different infrastructures, constant need for sequestration vs. episodic need for CO2 for EOR





Significant concern that the program management structure for the regional partnerships program is inappropriate for a large scale demonstration program.  



Also, insufficient funding.



MIT recommendation in future of coal study, 3 large scale sequestration demonstration project, $100 m/ year each for 10 years.  




Electricity & Natural Gas Efficiency

Consumer Costs: Consumer Savings:
$11 billion $32.4 billion
Res. Gas .
5% Comm Gas,
1% _
Ind. Hec. "  Power Gas Res. Gas,
Ind. Gas : ’
20% 229 20%

2%

: Ind Hec., ' 9%

Res.Hec. : 8%
44% :

‘/

omm. Bec.
28%

Comm.Gas,

Ind. Gas,
9%

Comm
ec., 16% Res. Hec.,
16%

| |
|
| |
| |
| |
[ |
[ |
| |
| |
| |
| |
| |
" Source: Efficiency Impacts on Gas Markets, ACEE, 2005). [u:ﬁ



Presenter
Presentation Notes
Describe slide



Efficiency discussion



Also chp/dg.  There are currently around 56,000 megawatts of CHP operation in the US.  EIA’s assumes that only 20% of the remaining 163,000 megawatts of combined heat and power (CHP) potential will be realized in the marketplace over the next two decades.  Eliminating the barriers to CHP deployment, which are largely regulatory in nature, could substantially increase that percentage.



generates electricity (using mostly natural gas), largely for on-site applications in the chemical, petroleum refining and paper industries, for example, and uses waste heat from that generation to provide heating or cooling in industry or for buildings. 



DG, CHP, natural gas efficiency, industrial efficiency not a focus of the Administration but critical in the near to mid term


Global Unconventional Gas Resources
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Enhanced Geothermal Systems

Characterization
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Research Needs

99%: of our globe is hotter than 1'000°C

Wik Hisring Geo-Broject

Fracturing
Conversion

Low Quality
Resources:
Nationwide

Target Resource Base: 100 GWe in next 50 years

ITer

i c



Congressional Priorities



Presenter
Presentation Notes
the federal government has embarked on a course of fairly serious market intervention and public subsidies for coal and nuclear power.  Implicit in this intervention is a preference for these fuels for US power generation. A subtext of this policy is promotion of commercial Integrated Gasification Combined Cycle (IGCC) baseload generation over other types of coal-fired as well as gas-fired generation. If appropriately configured and incentivized, IGCC could contribute to climate change mitigation in the longer term as the capture process for IGCC is less costly than for conventional pulverized coal technologies.  As noted, however, the new energy law does not require IGCC plants to capture and sequester carbon as a condition for receiving the substantial incentives contemplated in the statute. While promoting IGCC commercialization and deployment, the energy statute simultaneously authorizes large research programs to enable that deployment.  Sequencing of these activities is warranted to ensure wise expenditure of public funds.  Incentives for nuclear power generation are also substantial and include liability protections, loan guarantees and production tax credits for new power plant construction, as well as a research program for the next generation nuclear power plant.  As with IGCC, research and commercial incentives can occur concurrently.  Again, this implies that as a matter of public policy, there is intrinsic value in both nuclear and coal as preferred fuels for power generation, sufficient to warrant large public subsidies and market intervention.

 

Third, it is now official US policy to promote a “hydrogen economy” and to support the necessary technology development to achieve this end.  Mobile uses of hydrogen, enabled by fuel cells, are supported as a way to “reduce our reliance on imported oil” and to promote “fuel diversity”.  This policy places statutory confidence in hydrogen as the preferred long-term technology solution to oil dependence and capable of providing the US with a new transportation paradigm.  (This level of certainty about the “winner” in a highly uncertain research environment tends to starve R&D investments in alternatives. The USG should ensure there is adequate funding for alternative pathways). Among other hydrogen incentives in the statute, research emphasis is placed on producing hydrogen from IGCC plants, nuclear power, and renewables, all of which are costly methods of generating hydrogen compared to natural gas.  Implicit in these choices, once again, is concern over gas scarcity, even in light of strong policy support for dramatically increasing US reliance on imported LNG to meet gas demand.

Finally, the new US energy policy embodied in this statute in large part eschews provisions that would require behavioral or technology changes, specifically for transportation efficiency, climate change, and renewable power generation. While there are incentives for purchasing efficient automobiles and R&D programs focused on increased transportation efficiency, there is nothing in the statute equivalent to CAFÉ standards that would compel increased mileage on the part of manufacturers.  The new energy policy takes similar approaches to climate change and renewable power.  Research programs for efficiency, renewables, and carbon capture and sequestration technologies are supported in the statute and there are small and time limited incentives for efficiency and renewables; by and large, however, these energy programs have only the research “carrots,” without the corresponding “sticks” to compel technology development and deployment by dates or at levels certain.  This places an additional burden on technologists to change US energy and environmental paradigms without key policy tools that could assist them in doing so.


2007 Energy Policy from the
Legislative Branch

Energy leaders from the House Energy Committee
declared on recent passage of the House Energy
legislation ......

“This Is a historic turn away from a fossil
fuel agenda toward renewable energy. It's
been along time in coming”

vl o A *" !’l Congressman Ed Markey
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Regional Energy Resources
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I Show you this 10,000 foot level overview of regional energy interests – there are surely omissions and additions to be made.  I wanted to make two points however:



Policy makers representing these various regional energy sources will be hard pressed to abandon efforts to develop them.



That is a good thing however because we need them all if we are going to transition to alternative, sustainable sources of energy without severe economic dislocation and hardship.



We should be supporting an energy research portfolio that is large enough to enable all of these energy sources, as well as corresponding research to mitigate the specific environmental impacts of these supplies.






Regional Energy Issues
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I developed this slide to illustrate 1) regional energy issues and needs and 2) to plead for the cessation of attacks on any or all sources of energy and the policies and research investments required by each.  We need them all.



Again, this is 10,000 foot level view some key themes emerge as issues or needs:



Efficiency, particularly in growing demand areas

Public lands issues, including offshore moratoria

Transportation constraints suggesting the need for massive investments in infrastructure

Conventional air quality issues as well as GHgs

Demand destruction because of high gas prices

Water issues, critical, produced water, biofuels, coal fired power generation, nuclear, etc.



Nuclear power, 103 reactors in 31 states.  Aging reactor – short rif on Indian Point.  All sorts of problems with sirens, cooling towers, etc. but analysis has indicated that New York cannot meet the power shortfall if it is shut down.  What do we do with aging reactors, not to mention new nuclear power plants.


Focus on Energy: The 110* Congress
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Energy Focus in 110t Congress
LOSERS WINNERS “JURY'S OUT"
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Does this get us from here
to there?
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In addition to innovation in conventional and transformational technologies, we must seek key synergies in technology development and deployment that address both climate and energy security -- the two different faces of our “carbon problem.”

This means we must develop and deploy carbon-free (and carbon–light) electricity supplies -- nuclear, coal with carbon capture and sequestration, solar, wind, engineered geothermal, and natural gas.

 

We must also put a major effort into end use energy efficiency in industry, vehicles, homes, and commercial buildings. In addition and importantly from an energy security perspective, we need to supply a significant percentage of our transportation fuels from alternative sources such as biofuels and low-carbon electricity.  This will introduce true elasticity into transportation fuel markets, a key market feature for reducing price volatility.

Finally, I would like to say a word about water, another challenge of global proportions and a subject of this session.  Problems of water and energy are frequently linked and there is considerable concern about disruption of water supplies from climate change, particularly in the Middle East.  Water shortages in this region – the oil breadbasket of the world -- could be very problematic from an energy perspective.  This regional confluence of energy and water challenges drives us right back to our key energy imperatives – the need to, through innovation, mitigate climate change and increase energy security.


Energy Innovation/Research Investments

# |In a $45 trillion world economy, $3 trillion for

energy, total public and private investments in

energy RD&D is in the range of $15-20 billion,

one half a percent of energy expenditures and
0.03 percent of world GDP.

# U.S. public and private spending on energy-
technology RD&D totals only $5-6 billion per
year, less than one percent of what this country
spends for electricity and fuels.
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So let’s look at  investment levels in technology development


DOE Budget Breakdown: FY 08 Budget
Request

Electricity

<1% Fossil

2%

Nuclear
0 .
\ 5% 0 Fossil

2%
Science

18%
Nuclear
Other 2%
74%
Assuming Office of Science As
Basic Strategic “Energy R&D” Ogthef

1%

Assuming Office of Science As
Basic, Not Strategic, Research
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One of the Energy Secretaries that I worked for opined that DOE was an agency responsible for “…everything from nuclear weapons to windmills.” 

In my view, DOE’s distinctly different missions are too important in today’s world to be in competition with each other, either for the funds required to optimize success, or for the time of the public servants who are charged with that responsibility.  Each requires the full and undivided attention of its leaders, adequate resources, and complete policy and programmatic focus.  

All of this provides a very compelling policy reason to create at least two separate agencies from the current Department of Energy, carving out its weapons, non-proliferation and nuclear waste programs (perhaps the waste cleanup mission is best carried by the Corps of Engineers) and separating them entirely from its energy and science programs. These bifurcated missions would survive as distinct, better funded – and better focused – agencies of our government. 



In addition to creating a new cabinet agency focused exclusively on energy policy, research and basic energy sciences, I would seek to further enhance the underlying authorities of the Department, substantially increase its funding, and provide it with a steady, off-budget funding 






Challenges, Policies, Pathways

Challenge

Increased Deman

The uneven
distribution of oil and
gas supplies and
productive capacity,
non-assured access
to those supplies,
and volatile energy
prices threaten
national, regional,
and world stability
and economies

Climate Change

Environmental stress
increases the potential
for regional political
instability and tensions
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Policy Pathways

Gas-to-Liquids \
Develop oil alternatives —E Coal/Biomass-to-Liquids

Biofuels

Diversity oil supplies _E Heavy Oil/Tar Sands

Higher Efficiency Advanced Vehicles

Decrease oil demand
_E Hydrogen Vehicles/Infrastructure

<@OGAOTMmMmZmMm

_E Wind, Solar, Geothermal, Nuclear,
Gasification

GTL, CNG, LNG

Decrease gas demand _E Efficiency, Advanced Turbines, Efficient
Buildings, Appliances, Boilers, CHP

Advanced Vehicles
Increase Fossil Fuel —E Efficient Power Generation
Efficiency Industrial processes, CHP
* Capture Ready Technologies
Promote Carbon Capture Geologic Reservoir Development
& Sequestration Capture Technologies

Advanced Sequestration Technologies

Develop Carbonless —E Renewables/nuclear capital cost reduction

Energy Technology Nuclear Spent Fuel Management
Advanced modular nuclear reactors

=
N
=
R
G
Y
—[ Unconventional/UDwiHydrates S
=
C
U
R
|
T
Y

| — 0 COmMmmZ—



Presenter
Presentation Notes
DOE’s applied research programs are organized around fuel sources, e.g., coal, oil, gas, nuclear, renewables (the efficiency program is an exception).  

This structure runs the risk however of isolating oil supply from transportation or fossil fuels from efficiency, for example, and promotes a tendency to focus on incremental or discrete technologies as opposed to systems that integrate research needs from supply to distribution to end use. 

The organizational separation of DOE’s basic energy research program from its applied research programs makes sense in many instances, but it also makes the migration of certain basic research findings to applied research solutions undisciplined, more difficult, and often, serendipitous.

There are both ad hoc and, in some instances, formal structures at DOE that encourage communication and coordination between the various applied research programs and between the applied research and basic research programs.  In the final analysis, however, the competition for funding from the same appropriation, bureaucratic separation, and different program cultures and performance measures, ultimately work against optimum levels of cooperation and coordination across programs. 



I would offer instead that we should reorganize our energy programs around end uses which will enable the kind of research portfolio approach I have illustrated in this slide, challenges, policies, and technology pathways.  Also, we should provide adequate funding for all of these pathways.


 Piecemeal approach, no overarching strategy
« Technologies not well understood
« Technology de jour
* Insufficient policy analysis and support
e Inadequate funding

« DOE not really the Department of Energy — we need
a much more focused DOE to address the significant
challenges we are facing

« Reorganize energy programs around end uses to get
a portfolio approach to research, critical
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In addition to innovation in conventional and transformational technologies, we must seek key synergies in technology development and deployment that address both climate and energy security -- the two different faces of our “carbon problem.”

This means we must develop and deploy carbon-free (and carbon–light) electricity supplies -- nuclear, coal with carbon capture and sequestration, solar, wind, engineered geothermal, and natural gas.

 

We must also put a major effort into end use energy efficiency in industry, vehicles, homes, and commercial buildings. In addition and importantly from an energy security perspective, we need to supply a significant percentage of our transportation fuels from alternative sources such as biofuels and low-carbon electricity.  This will introduce true elasticity into transportation fuel markets, a key market feature for reducing price volatility.

Finally, I would like to say a word about water, another challenge of global proportions and a subject of this session.  Problems of water and energy are frequently linked and there is considerable concern about disruption of water supplies from climate change, particularly in the Middle East.  Water shortages in this region – the oil breadbasket of the world -- could be very problematic from an energy perspective.  This regional confluence of energy and water challenges drives us right back to our key energy imperatives – the need to, through innovation, mitigate climate change and increase energy security.
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