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NREL is a significant national asset – more than just RE and EE, we also do R&D in how these technologies fit into the energy mix.

We are well-positioned to play a role in the President’s new energy initiatives and are well aligned with his priorities



We have made good progress but there is much yet to be done

We need new investments in our infrastructure

We don’t want to lose sight of the balance between long-term and short-term results

How can you help?

Support our major initiatives, we need bipartisan support�



Energy Solutions Are Enormously 
Challenging

Must address all three imperatives

Vulnerability 
or 

Opportunity 

Vulnerability 
or 

Opportunity

Energy SecurityEnergy SecurityEnergy Security Economic 
Productivity 
Economic Economic 
ProductivityProductivity

Environmental ImpactEnvironmental ImpactEnvironmental Impact

• Secure supply
• Reliability
•• SecureSecure supplysupply
•• ReliabilityReliability • Growth in 

demand 
• Price volatility

•• Growth in Growth in 
demanddemand

•• Price volatilityPrice volatility

• Land and water use
• Carbon emissions
•• Land and water useLand and water use
•• Carbon emissionsCarbon emissions
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Today’s Energy Infrastructure
Supply & Conversion Transmission & Distribution Utilization

Coal

Natural 
Gas

Oil

Nuclear

Hydro
Wind
Solar

Biomass
Geothermal

…inadequate to meet the needs of the future…inadequate to meet the needs of the future
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Energy Use Shares by Type (%):  



	U.S.(2004)		Global (2002)

Coal	22.5			24	

Oil	40			39

Natl Gas	22.5			23

RE	  6			 8

Nuclear	  8			 7



T&D:  Energy moves through the economy as carbon-bearing fuels ( 61%) and electricity (39%)



U.S. Energy Use by Sector (%):  



		Primary Energy (2004)	Total End Use (2004)

Buildings		11			40

Transportation		28			27

Industry		22			33

Electric Power		39�



A Systems Long View of the Future
Clean, Diverse & Secure Intelligent, Resilient, Flexible

& High Capacity
Efficient & Integrated

Technology advances are requiredTechnology advances are required

H2
Fuel Cell & Hybrid Vehicles

Near-Zero Energy Buildings

Industry

Distributed Resources

Near-Zero Emission Hydrocarbons

Advanced Nuclear

Renewable Energy

e-

e-
e-

& Adv Alt Fuels
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Electric Power	39�



* Source:  EIA Annual Energy Review 2007

What Are the Major Renewables? 
Electricity Net Generation – 2006

2.4%



Mission:  Develop 
renewable energy and 

energy efficiency 
technologies and 

practices, advance related 
science and engineering, 
and transfer knowledge 

and innovations to 
address the nation's 

energy and 
environmental  goals.

Call for Action

Supply Diversity

Environmental 
Stewardship

Energy System 
Reliability
Energy 
Productivity

NREL’s mission aligns with DOE energy goals



National Renewable Energy Laboratory 
What Makes Us Unique?

• Only national laboratory dedicated to renewable energy 
and energy efficiency R&D

• Research spans fundamental science to technology 
solutions

• Collaboration with industry and university partners is a 
hallmark

• Research is market relevant because of a systems focus



Energy Efficiency and Renewable Energy 
Technology Development Programs

Efficient Energy Use
• Vehicle  

Technologies
• Building 

Technologies
• Industrial 

Technologies

Energy Delivery and 
Storage

• Electricity 
Transmission and 
Distribution

• Alternative Fuels 
• Hydrogen Delivery 

and Storage

Renewable Resources
• Wind
• Solar
• Biomass
• Geothermal
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Foundational Science and Strategic Analysis



Past Investments Have Yielded 
Impressive Cost Reductions



Wind 

Long Term Potential
• 20% of the nation’s electricity supply
NREL Research Thrusts
• Improved turbine performance and reliability
• Distributed wind technology
• Drivetrain reliability 
• Utility grid integration

Today’s Status in U.S.
• 11,603 MW installed at end of 2006
• Cost 6-9¢/kWh at good wind sites*
DOE Cost Goals
• 3.6¢/kWh, onshore at low wind sites 

by 2012
• 7¢/kWh, offshore in shallow water by 

2014

* With no Production Tax Credit
Updated 1/07, validated 7/07
Source:  U.S. Department of Energy, American Wind Energy Association
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Worldwide installed capacity = 56,813 MW as of Jan 2006

Worldwide industry  = $12-$14B
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Wind Power in Remote Environments

Selawik

Toksook Bay

Presenter�
Presentation Notes�
Toksook

In the western reaches of coastal Alaska during a brief thaw, Northern Power installed three NorthWind 100 wind turbines. Working in Toksook Bay isn't easy — the village features a harsh arctic environment, which is a major reason these turbines are being installed in the first place. 



Currently, in villages such as Toksook Bay, electricity is generated mostly through the use of diesel geneses, and transporting the large quantities of fuel they require can be costly and environmentally risky.



Selawik

Alaska Village Electric Cooperative Inc. installed four 50 kW utility grade AOC wind turbines in Selawik, which is located 3 miles north of the Arctic Circle.�
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Solar 
Photovoltaics and Concentrating Solar Power

NREL Research
Thrusts:

PV
• Partnering with industry
• Higher efficiency devices 
• New nanomaterials applications
• Advanced manufacturing techniques

CSP
• Next generation solar collectors
• High performance storage

Status in U.S.

PV
• 565 MW
• Cost 18-23¢/kWh

CSP
• 420 MW
• Cost 12¢/kWh

Potential:

PV
• 11-18¢/kWh by 2010
• 5-10 ¢/kWh by 2015

CSP
8.5¢/kWh by 2010
5-7¢/kWh by 2020
Source:  U.S. Department of Energy, IEA, Solar 
Energy Technologies Program Multi-Year Plan 
2007

Updated July 2007



PV for Remote Applications

Lime Village

Arctic Village
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PV/Diesel Hybrid System – Lime Village

PV / diesel hybrid power system, 4 kW PV array, two diesel gensets

Previously utilizing individual diesel generators, this central power system now provides electricity for a remote subsistence village, population 45, in the Alaskan interior.�

Arctic Village

“POWERING REMOTE NORTHERN VILLAGES WITH THE MIDNIGHT SUN”

Tribal Energy Program funded an exploration of available renewable & efficiency technologies, their potential benefits & costs 

􀁺Our winds are light, waters flat, crops slack, trees sparse, but our summer is pure sun

􀁺We like our clean, low-maintenance, quiet, free-fuel-delivered-free photovoltaic systems�



Geothermal
Today’s Status:
• 2,800 MWe installed, 500 MWe 

new contracts, 3000 MWe under 
development

• Cost 5-8¢/kWh with no PTC
• Capacity factor typically > 90%, 

base load power

DOE Cost Goals:
• <5¢/kWh, for typical 

hydrothermal sites 
• 5¢/kWh, for enhanced 

geothermal systems with mature 
technology

Long Term Potential:
• Recent MIT Analysis shows 

potential for 100,000 MW installed
Enhanced Geothermal Power systems
by 2050, cost-competitive with coal-
powered generation

NREL Research Thrusts:
• Analysis to define the technology path to 

commercialization of Enhanced Geothermal 
Systems

• Low temperature conversion cycles
• Better performing, lower cost components
• Innovative materials

Source:  DOE, NREL, 9/07



Chena Hot Springs 
Geothermal Power Plant

• Low Temperature -- 
165°F

• Village Power: 
~225kW

• Water or air cooled

Presenter�
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The 400kW Chena Hot Springs geothermal power plant, designed and built by United Technologies Corporation, is the first geothermal power plant in Alaska.  The plant was brought online in July 2006 and is pushing the envelope for low temperature power generation.  



Because the geothermal water at Chena Hot Springs never reaches the boiling point of water we cannot use a traditional steam driven turbine. Instead a secondary (hence, "binary") fluid, R-134a, which has a lower boiling point than water passes through a heat exchanger with 165°F water from our geothermal wells.  Heat from the geothermal water causes the R-134a to flash to vapor which then drives the turbine.  Because this is a closed loop system virtually nothing is emitted to the atmosphere. Moderate temperature is by far the most common geothermal resource and most geothermal power plants in the future will be binary cycle plants.  



Chena Hot Springs Resort geothermal power plant dedication ceremony and ribbon cutting.�Chena Hot Springs Resort geothermal power plant dedication ceremony and ribbon cutting

Chena, Alaska; Governor Frank Murkowski, Senator Ted Stevens, Dr. Roy Mink and dedication participants (DOE Contractors

Low Temperature: 165°F

Village Power: ~225kW

Water or Air Cooled

�



Biopower
Biopower status
• 2006 Capacity – 10.5 GWe

– 5 GW Pulp and Paper
– 2 GW Dedicated Biomass
– 3 GW MSW and Landfill Gas
– 0.5 GW Cofiring

• 2004 Generation – 68.5 TWh
• Cost – 0.08 – 0.10 USD/kWh

Potential
• Cost – 0.04-0.06 USD kWh 

(integrated gasification 
combined cycle)

• 2030 – 160 TWh (net electricity 
exported to grid from integrated 
60 billion gal/yr biorefinery 
industry)



Biofuels
Current Biofuels status
• Biodiesel – 1.3 billion gallons/yr capacity1

• Corn ethanol
– 121 commercial plants2

– 6.3 billion gal/yr. capacity2

– Additional 6.2 billion gal/yr planned or under 
construction

• Cellulosic ethanol (current technology)
– Projected commercial cost  ~$3.50/gge

Updated July 2007
Sources:  1- National Biodiesel Board, 2 - Renewable Fuels Association, all other information 
based on DOE and USDA sources

NREL Research Thrusts
• The biorefinery and cellulosic ethanol 
• Solutions to under-utilized waste residues
• Energy crops

Key DOE Goals
• 2012 goal: cellulosic ethanol ~$1.62/gge
• 2017 goal : 35 billion gal alternative fuel – President
• 2022 goal: 36 billion gal renewable fuel – Congress/draft
• 2030 goal: 60 billion gal ethanol (30% of 2004 gasoline)
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NREL Research Thrusts

The Biorefinery 

Solutions to under-utilized waste residues

	- Agriculture

	- Forestry

	- Urban

Advanced agriculture (energy crops) enabled by plant genomics and bioscience

�



Indigenous renewable energy resources are key to human 
survival and future village economies in Alaska…

Wind Geothermal

Biomass

July

January Seasonal
Solar

Small Hydro



PowerLight PowerGuard® Rooftop System, 
536 kW, Toyota Motor Corp., Torrance,  CA

Shell Solar at Semitropic Water Storage Dist. 
980 kW, single-axis tracking, Wasco, CA 

WorldWater & Power, Irrigation System
267 kW, Seley Ranches, CA

Sun Power & Geothermal Energy Co. 
Solar-Wastewater Plant, 622 kW, 
Oroville,CA

Shell Solar, “Sunspot Bürstadt”, rooftop system,
Grid tied, 5MW, Bürstadt, Germany

Success Story
In Germany

Ridge
Vineyards
PV Rooftop
65 kW, CA

RWE Schott Stillwell Avenue Subway
Station, PV Canopy Roof, 250,000 
kWh/yr, Brooklyn, NY

WorldWater & Power and Alternity Power
Atlantic County Wastewater Treatment
Plant, 8 MW solar-wind hybrid, NJ

Powerlight, Bavarian community
6.750 MW, single-axis tracking 
Mühlhausen, Germany



National Science Board 
Task Force on Sustainable Energy

• The Board believes it to be an imperative for the long-term prosperity of this 
Nation for the government to develop a long-term, coordinated, inter-agency 
strategy to achieve a stable sustainable U.S. energy future.  

• Task Force established October 3, 2007 and charged to:
– Examine the role of the U.S. Government in addressing the science and 

engineering challenges related to development of sustainable energy, 
and 

– Provide recommendations to the President and Congress regarding a 
nationally coordinated S&E research and education initiative on 
alternative and sustainable energy, with specific guidance on the role of 
the National Science Foundation in such an initiative. 



National Science Foundation & 
International Polar Year

• Understanding change
• Human and biotic systems
• Education and outreach



• NSF is working with NOAA 
to upgrade facilities at Tiksi

• NSF rebuilt Tiksi Weather 
Station in 2006 (image right)

• Construction of new 
research facility is planned to 
begin in 2007

Tiksi, Russia



Our Neighbors as Example

Piteå, Sweden

Reykjavik, Iceland 



Promise of renewable energy is 
profound and can be realized if we…

• Aggressively seek a global sustainable energy 
economy

• Accelerate investment in technology innovation
• Work with our international partners to learn 

from each other

It is a matter of national will and leadership



The U.S. Department of Energy’s
National Renewable Energy Laboratory
www.nrel.gov

The U.S. Department of Energy’s
National Renewable Energy Laboratory
www.nrel.gov

Golden, ColoradoGolden, Colorado
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