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(1) Economic prosperity is intimately tied to the 

efficient and sustainable use of energy.

(2) There is potential for geopolitical conflict due 

to escalating competition for energy resources. 

(3) The risk of adverse Climate Change.

Energy Security Challenge Has 
Given DOE’s Work New Urgency

(4) International security is threathened if nation 
states unable to adapt to climate change collapse. 



Wayne Gretzky: “I 
skate to where the 

puck is going to be, 
not where it’s been.”

Economic Competitiveness in a 
Clean Energy Economy

Price of oil 
will go up in the 
coming decades

We will live in a carbon-
constrained world
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We are Dependent on Foreign Oil

US became a net oil importer in the 1940s



U.S. Falling Behind in Clean Energy Race

Worldwide shipments of Solar Photovoltaics – in Megawatts

U.S.

We are also behind in other energy 
technologies:

• Automobile fuel efficiency

• Batteries

• Electricity Transmission

• Power Electronics

• Nuclear Power
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Temperature Record (1850 – 2006)

From the Intergovernmental Panel on Climate Change 
(IPCC) 2007 assessment
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More than 20 PNNL 
researchers 

contributed to the 
Nobel Prize- winning 

efforts of the 
Intergovernmental 
Panel on Climate 

Change



IPCC model 
predictions

Source: Stroeve et al. 2007 and 

updated by Dirk Notz Hamburg

The Polar Ice Cap 
is melting much 

faster than 
predicted

1979 – 2005 

average



Past 2000 years: 0.0 - .02 mm/year

1870 – 1890: 0.6 mm/year

1990 – 2008: 3.0mm/year 
(including recent satellite data)

Global Sea Level: 2007 IPCC Technical Summary
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Cumulative Glacier Ice Melt (cubic miles)
IPCC is now able to assign a portion of sea level rise to glacial melt.

(Over 2,000 cubic miles of Glacier have been lost.)
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Carbon Dioxide Concentration during the past 800,000 years



Washington Cities at Risk of Sea Level Rise
(Red denotes a 4 foot high rise)
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The chance of Fertile Land becoming Desert
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The Mid-West Dust Bowl
(1930 -1936) 
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Decreasing Habitat for Coldwater Fish

Salmon can be found where the average air temperature is 
less than 70º F (shown in blue). Under the higher emissions 
scenario, salmon are likely to be threatened in much of the 

Columbia Basin habitat before mid-century.



Zimov et al., 2006. Science. 312:1612-1613

The permafrost is beginning to thaw
(Carbon that could be released is more than double the amount 

currently in the atmosphere)



To achieve our energy and 

climate goals, we need:

• To use energy more wisely



McKinsey: Energy Efficiency could exceed the Waxman-
Markey 2020 emissions reduction target of 17%.

McKinsey estimates 
that savings of $680 B, 
are possible, based on 

Net Present Value 
methodology.

(The value of future 
energy savings was 

discounted by 7% per 
year:

(1 + 0.07)-y. 

e.g. After 20 years, the 
energy savings is 

counted as  ~26% of 
the actual value.

-26 %



Regulation stimulates technology: Refrigerator 
efficiency standards and performance.

Energy savings is greater than all of US renewable 
energy. Regulation of consumer electronics and 
computers can save a similar amount of energy. 



Santorini, Greece
Dallas, Texas

White roofed buildings:

Sunlight energy is reflected 
back into space rather than 

heating up buildings and 
homes in the summer. Air 
conditioning bills can be 
reduced by up to 20%.

Retrofitting urban roofs and 
pavements with solar-

reflective materials is equal 
to eliminating carbon 

emissions from all 
automobiles for 11 years.



LEED ratings are based on design performance, 
not actual performance (EUI = End Use Intensity)

bad

good

Actual/Design EUI >1 
means performance is 
worse than design goal 

Mark Frankel, ACEEE (2008)



Buildings consume 40% of energy in U.S.:
A new way of designing and constructing buildings.

Virtual Building 
integration

Conceptual 
Design 

Detailed 
Design 

Construction  
& Installation

Computer-aided design tools 
with Embedded Energy Analysis

Operation

Continuous
real-time 

commissioning 

Computer-controlled operation 
with Sensors and Controls for 
Real-Time Optimization

• Oxygen sensor 

• Air pressure sensor 

• Air temperature sensor 

• Engine temp. sensor 

• Throttle position sensor 

• Knock sensor



To achieve our energy and 

climate goals, we need:

• To use energy more wisely

• To deploy the low-carbon 

technologies we have



20% of our energy can be supplied by wind

6 MW generator 

(126 m diameter 

rotors).747- 400 
64.5 m

Betts Limit: 16/27 (~0.59) of kinetic energy of air flow

… but we need a better transmission 
and distribution system.



Transmission Loan 
Guarantees

Up to $16 billion in loans

Smart Grid - $4 billion

WAPA and BPA – total of 
$6.5 billion in borrowing 

authority

Grid Modernization in the Recovery Act

New Energy for America’s Economy



$343 million in 
Recovery Act 

borrowing authority

We’re announcing the start 
of the McNary-John Day transmission line

Will create 
between 100 -

200 construction 
jobs

Service for more 
than 575 

megawatts of wind 
energy 

New Energy for America’s Economy



(8,760 hrs)
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Hourly Loads as Fraction of Peak, Sorted from Highest to Lowest

Lowering of peak demand through Demand- Response 
programs increases utilization of existing infrastructure 

and reduces new infrastructure investments

>25% of distribution and >10% of generation assets are needed 
less than 5% of the time ($100’s of billions of investments)

Generation

Distribution



Olympic Peninsula GridWise demo

Smart appliances in 112 homes for one year

Real-time, two-way market with real cash  
incentives

Grid Friendly™ Appliance demo

Tested device response to stress on grid 
and consumer acceptance of devices

Findings:

Internet-based network coordinating DR can
reduce peak load by approximately 15% in 
one year

Consumers saved an average of 10% of 
electricity bills from prior year

If all customers participated, $70B of new 
generation, transmission and distribution 
systems could be avoided (over a 20 year 
period)

Olympic Peninsula Demonstration Projects



Goal: 20% peak load reduction by 2019

• Decoupling

• Demand Response

• Pricing Programs 

(Dynamic/Time of Use)

• Smart Grid

To achieve this goal , we will need:

New Energy for America’s Economy



Nuclear Fission provides carbon-

free base-load power

• The nuclear waste issue is solvable.

• Nuclear proliferation is a concern and
requires international cooperation. 

Gen III+ reactors 
(e.g. AP 1000):

• Natural circulation

• Passive safety

• Decreased number 
of components 
means lower cost 



To achieve our energy and 

climate goals, we need:

• To use energy more wisely

• To deploy the low-carbon 

technologies we have

• To discover the 

breakthroughs we need



Balance of System 
price is roughly half of 

the cost of solar power.



Body Fat 38 Mj/kg 35 Mj/liter

Kerosene, jet fuel 43 Mj/kg 32 Mj/liter

Lithium ion battery 0.54 Mj/kg 0.9 Mj/liter

Energy densities of chemical fuels 
and the best commercial battery

M
j
/ 
lit

e
r

Mj / kg

A rechargeable battery that can last 

for 5,000 deep discharges and 5x 

higher storage capacity will electrify

personal vehicle transportation



Bar-tailed Godwit 

Boeing 777

Question: What 
does a Boeing 777 
have in common 
with a Bar-tailed 

Godwit?

Answer: Both can fly 
non-stop 11,000 km. 

At take-off, the fuel 
weighs ~ 50% of 
their total weight.



US, China, Russia, and India have 2/3 of the world’s 
known coal reserves. 

International collaboration in carbon capture and storage 
will accelerate deployment of CCS technologies.



Feedstock grasses such as Miscanthus can be energy crops.

Non-fertilized, non-irrigated test field at U. Illinois yielded

15x more ethanol / acre than corn.

50 M acres of energy crops, plus agricultural and urban wastes 

can produce 1/2 of current US consumption of gasoline. 



•An essential component of 
the transcontinental telephone 
line was the vacuum tube.

An example of a transformative technology

• Vacuum tubes generated a 
lot of heat and burned out.

• AT&T Bell Laboratories 
invested heavily in improving 
vacuum tubes. They also 

embarked on a research 
program to develop a solid 
state replacement to the 
vacuum tube.



Davisson, Bell Laboratory’s 
first Nobel Laureate, worked on 

vacuum tubes during WW I

Davisson Germer

Bardeen, BraShockley came to Bell Labs to 
work with Davisson, but was 
persuaded to  work on a solid 

state replacement of the 
vacuum tube. 

Bardeen

Brattain

Shockley



• Radio astronomy

• The Photovoltaic Cell

• The Transistor

• Information theory

• Satellite Communications

• The Laser

• Charged Coupled Device (CCD)

• C and Unix programming languages

• The Digital Signal Processor

• Cellular phone technology

• Wireless Local Area Network technology

Mission Oriented Research at Bell Labs 



Nobel Prize Members at Bell Labs hired in
1976-78

Douglas Osheroff

Dan Tsui Horst Stormer Bob Laughlin

Me

25



Can we design a modern-day equivalent of 

Lincoln Labs or Los Alamos, focused on mission 

driven research, but also connected fundamental 

research and the industrial world? 

Can we created energy laboratory equivalents of 

AT&T Bell Laboratories, which remain at the 

pinnacle of its field for ~75 years?



“The problems caused 

by technology over the 

last 50 years will be 

solved by technology 

developed at this 

laboratory.”

William R. Wiley

PNL Lab Director

1984 - 1994November 1993 – Bill Wiley and members of 

the EMSL team celebrate the approval to 

begin construction

Environmental Molecular Sciences Laboratory 

“…serve as a national scientific user facility, 
focusing basic research on solving critical 

environmental problems.”



43

The diverse science at PNNL gives you the opportunity 
to invent new technologies needed to clean up our Cold-
War legacy, create new prosperity, and save the planet



Earthrise from Apollo 8 (December 24, 1968)

"We came all this way to explore the moon 
and the most important thing is that we 
discovered the Earth.“

Bill Anders,  Apollo 8 Astronaut



“We are now faced with the fact, my friends, 

that tomorrow is today. We are confronted 

with the fierce urgency of now. In this 

unfolding conundrum of life and history, 

there is such a thing as being too late.”

Martin Luther King, 1967


