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World Energy Needs will Grow Significantly 
in the 21st Century

World Primary Energy Consumption (Quads) Projections to 2030 are from the 
Energy Information Administration, 
International Energy Outlook, 2006.
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Projections for 2050 and 2100 are 
based on a scenario from the  
Intergovernmental Panel on 
Climate Change (IPCC), an 
organization jointly established in 
1988 by the World Meteorological 
Organization and the United 
Nations Environment Programme.  
The IPCC provides comprehensive 
assessments of information 
relevant to human-induced climate 
change.  The scenario chosen is 
based on “moderate” assumptions 
(Scenario B2) for population and 
economic growth and hence is 
neither overly conservative nor 
overly aggressive.  
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U.S. and World Energy U.S. and World Energy 
Consumption TodayConsumption Today

421 Quads

98 Quads

Some equivalent ways of referring to the energy used by the U.S. in 1 year (approx. 100 Quads)

100.0 quadrillion British Thermal Units (Quads) U.S. & British unit of energy
105.5 exa Joules (EJ) Metric unit of energy
3.346 terawatt-years (TW-yr) Metric unit of power (energy/sec)x(#seconds in a year)

U.S. Share of World, 2003

Population Energy
Production

Energy
Consumption

4.6%

16.8%

23.4%
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(When) Will Fossil Fuels Run Out?

This depends on:
 SUPPLY
 CONSUMPTION
 ECONOMICS

These are intertwined

CONSUMPTION is Related to the Reserves-to-Production 
(R/P) Ratios

BP Statistical Review of World Energy 2005

Oil Gas Coal
U.S. R/P ratios shown by dotted 

lines.
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• The R/P ratio is the 
number of years that 
proved reserves 
would last at current 
production rates.

 World R/P ratios are:  
Oil = 40.5 years; 
Natural Gas = 

66.7 years; 
Coal = 164 years

 U.S. R/P ratios are:
Oil = 11.1 years; 
Natural Gas = 9.8 

years;
Coal = 245 years
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Fossil: Climate Change

Climate Change 2001: T he Scientific Basis, Fig 2.22 
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Nuclear Energy and Renewable Energy
Today these are only 15% of primary energy; there is potential for 

significant increases. It will require effort.

Solar 1%

Wood 31%

Waste 9%
Wind 2%

Conventional
Hydroelectric
Power 45%

Renewable 
Energy 7%

Geothermal 6%
Alcohol Fuels 6%

~8 quads of nuclear 
electric power are 
produced by 104 nuclear 
power plants in the U.S. 

8%

Nuclear
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Nanoscience Research for Energy Needs

“All the elementary steps of energy conversion 
(charge transfer, molecular rearrangement, chemical 

reactions, etc.) take place on the nanoscale. Thus, 
the development of new nanoscale materials, as 

well as the methods to characterize, manipulate and 
assemble them, creates an entirely new paradigm 

for developing new and revolutionary energy 
technologies.”
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Nanoscale Characterization Tools

Neutron ScatteringNeutron ScatteringXX--ray Scatteringray ScatteringElectron Electron 
MicroscopyMicroscopy

20 nm

(a)

Atomic Force Atomic Force 
MicroscopyMicroscopy

Scanning Scanning 
Tunneling Tunneling 

MicroscopyMicroscopy

STM

AFM

XRD

ALS

APS

NSLS

SNS
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Nanoscale Catalysts for Fossil Fuel 
Reforming of Hydrogen

• For the next decade or more hydrogen will mainly be produced 
using fossil fuel feedstocks. 

• Development of efficient inexpensive catalysts will be key. 
• Modeling and simulation will play a significant role.

Inspired by quantum chemical calculations, Ni surface-alloyed 
with Au (black) on the left is used to reduce carbon poisoning of 

catalyst, as verified experimentally on the right.
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Nanoparticle 
(electrode)—

+

Oxide or 
carbon 

(electrode)

~ 10 nm

Polymer
(separator/ electrolyte)

Source:  Nanoscience Research for Energy Needs, NNI Grand Challenge Workshop Report

Nanostructured architectures for 
power storage (batteries, fuel 
cells, ultracapacitors, 
photovoltaics) provide many 
advantages over existing 
technologies to minimize power 
losses, improve charge/discharge 
rates and enhance energy 
densities.

Electrodes in these architectures 
will consist of interconnected 
~10nm domains and mesopores
(10-50nm).  Ultrathin, conformal 
and a pinhole-free 
separator/electrolyte are 
electrodeposited onto the 
electrode nanoarchitecture.  Low 
melting point metals (mp<200oC) 
or colloids fill the remaining 
mesoporous volume.

33--D D NanoarchitecturesNanoarchitectures for Power Storagefor Power Storage
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Nanocrystals for Low Cost, Higher 
Efficiency Solar Cells

Q
D

Q
R

Q
R

Science 295, 2425-2427 
(2002)

CdSe

Nature Materials 2, 382–385 (2003) 

CdTe tetrapods

Organic/Inorganic Blended Cell All-Inorganic Cell

Science 310, 462-465 
(2005)

Growth rates of two crystalline 
phases of CdTe are balanced to 
grow tetrapods.  The zinc blend 
(ZB) phase nucleates initially, 
but the faster growing wurtzite
phase continues the growth, 
resulting in a tetrapod shape.A. P. Alivisatos et al. (LBNL)
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Centuries of Fossil Fuel Usage in North America 
85% of U.S. energy is from fossil fuels; 69% of petroleum is imported; 

nearly 60% of all primary energy is waste
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U.S. Energy 
Consumption by 

Source

Rural Electrification Act, 
1935

Four-stroke 
combustion engine, 

1870s

Jet engine,1930s-
40s

Incandescent lamp, 
1870s

Watt Steam 
Engine, 1782

Intercontinental Rail System Eisenhower Highway System, 
1956Wind, water, wood, animals,  (Mayflower,1620)
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Our Energy Future Depends on Atomic, 
Molecular, and Nanoscale Level Control of Matter 

and Processes

Leading Scientific Innovations to Economic 
Competitiveness and Energy Security

Solid-state lighting and applications 
of quantum confinement

Bio-inspired nanoscale assemblies –
self-repairing and defect-tolerant 

systems
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Reliable, high-capacity 
electric grid: High Tc

superconductors

Ru

Pt

Atomic scale control of 
catalytic reactions for 
energy technologies Solar paint –based          

PV cells

Nanocomposites for 
extreme environments
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… but electricity was not discovered 
via incremental improvements to the candle
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The Solution Lies in Transformational Discoveries

• We must meet the increasing demand for energy 
without adding catastrophically to atmospheric 
carbon dioxide

• Current fossil energy sources, current energy 
production methods, and current technology 
cannot meet the challenge

• Incremental changes in technology will not 
suffice...

• We need transformational discoveries and truly 
disruptive technologies
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WHERE will these Transformational 
Discoveries Occur?



Office of Workforce Development for Teachers and Scientists
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WHO Will Make These           
Transformational Discoveries?

 SERCh participants represent the students who will be 
making these discoveries.  Their posters demonstrate a 
bridge between current research and future 
breakthroughs.

 2008 SERCh Participants:
– Research conducted at 13 DOE laboratories

– Applicants from 102 universities

 Today’s students will make these discoveries

 We will need to proactively:
– Recruit 

– Train
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Students Research with the SNS at         
Oak Ridge National Laboratory (ORNL)
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Students Research Nanotechnology at the Center 
for Integrated Nanotechnologies (CINT)
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Students Apply Research to               
Medical Technology at                    

Brookhaven National Laboratory (BNL)
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Students Research Fusion at ORNL & 
Princeton Plasma Physics Laboratory 

(PPPL)
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Students Research Alternative         
Fuels at ORNL
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Students Research Climate Change at 
National Energy Technology Laboratory
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Students Research Pollution 
Reduction at ORNL
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Students Research the Nature of the 
Universe at Fermi
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Students Contribute to Accelerator 
Technology at Jefferson Laboratory
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WDTS’ Future Workforce Strategy

 Prepare a diverse workforce of scientists, engineers, and 
educators to keep America at the forefront of innovation.

 Utilize DOE’s unique intellectual and physical resources to 
enhance the ability of educators and our Nation’s educational 
systems to teach science and mathematics. 

 Implement a proactive, data-driven, and results-focused model that 
promotes and strengthens the greater STEM education and 
research community. 
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U.S. Trains the World’s Workforce 

 The U.S. possesses an immense capacity for training the 
world’s scientists
– Large percentage of research conducted at the university level is by 

foreign nationals

– Approximately one third of graduate students in the sciences are
foreign nationals

– The U.S. needs to utilize this capacity with its own citizens 

 Large pool of U.S. talent to draw from
– 3 – 4 % of the U.S. population are involved in STEM-related fields

– 15 – 20% of the U.S. population is science literate or a science 
attentive audience

 Other countries have similar needs for native-born scientists 
– Trained in the U.S.

– Take skills back home
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National Needs Delivered Locally

 Define large scale goals in terms of the local delivery mechanisms
– Implement at the local level

– Local outcomes percolate up to national & transnational levels
• Local goals must align with higher level goals

• Local programs coordinate to create national platform

 Understand the local conditions
– Industrial needs: chemical, pharmaceutical, electronic and technology

– Rural/urban

– Diverse workforce

 National Imperatives
– GDP & national economy

– National security

 Training a workforce locally to meet national imperatives
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Pipeline Approach

 Kindergarten through Post Docs
 “Life long learners”
 “K through grey”

 Integrated highly leveraged 
partnerships
 Sustainability
 Long-term thinking

Undergraduate and Graduate STEM StudentsUndergraduate and Graduate STEM Students
500,000 U.S. University students studying STEM Fields

Extended DOE Technical WorkforceExtended DOE Technical Workforce
Technical workers in industries, University 
and College related to DOE mission areas

National Technical WorkforceNational Technical Workforce
7.4 million workers in STEM-related fields

DOE Technical DOE Technical 
WorkforceWorkforce

Headquarters National 
Laboratories

100,000 Contract employees
15,000 Federal employees

Middle School and High School Students                          Middle School and High School Students                          
AApproximately 25,000,000 students
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Future Workforce Strategy

 Educators: Highly qualified K-16 educators who 
engage students in authentic science and improve 
the nation’s STEM education capabilities.

 Students: Greatly expanded, more 
knowledgeable, and more diverse population of 
skilled scientists, engineers, and mathematicians.

 Workforce Development: Sustained pipeline of 
workforce-ready talent available to DOE’s national 
laboratories, Federal workforce, private industry, 
and academia.

 Program Capacity: Leverage expertise and 
resources through specially-configured, high-
impact public/private partnerships that will 
maximize, expand, and sustain the nation’s STEM 
workforce.
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Pre-College Activities

 National Science Bowl
– High School now in its 19th year

– Middle School started in 2000

– Encourage students to study math & 
science

 Regional events
– Hosted by DOE sites, colleges & 

universities, utilities, other educational 
institutions

– Hundreds of volunteers

– More than 16,000 high school students

– More than 5000 middle school 
students
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 Real World Design Challenge
– High school students

– Ten states in 2009

– Government - industry partnerships 

– Build lasting mentor relationships

– Connects students and educators to 
the real world

• Applies real world tools to real world 
challenges   

• Bridges classroom curriculum with real 
world applications

– Scalable
• Cross-disciplinary

• Cross agency collaboration

• Individualized to highlight state strengths

Pre-College Activities



35

Undergraduate Laboratory Research Internships

Science Undergraduate 
Laboratory Internship

Community College Institute

Pre-Service Teacher Program

• Unique Characteristic of the Program is 
an intensive research experience 
mentored by a laboratory scientist or 
engineer  

• Participants are required to produce a 
written summary of their work – creates 
an environment of high expectations

• These experiences connect students to 
the Grand Challenges facing the nation
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Science Undergraduate Laboratory Internships 
(SULI)

Highly competitive 
Best and brightest program
 550 Students in 2008
 17 National laboratories 

participate
Goal is to recruit a diverse group 

of participants
Partnership with NSF
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Community College Institute 
(CCI)

 Students spend 20% of their time 
with enhancement activities
– Career options

– Writing & presentation skills

– Seminars

 Develop technical skills that 
make students highly competitive 
in the workforce
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Pre-Service Teachers Internship 
(PST)

 Goal is to enhance the nation’s supply of proficient K-
12 science, mathematics, and technology teachers

 Provide an authentic research experience to take 
back to the classroom

 Master Teachers
– Organize and present enrichment 

activities
– Work with the student’s mentor & 

laboratory education staff
– Assist students in transferring 

laboratory experience to 
classroom
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Faculty and Student Teams       
(FaST)

 Goal is to build research capacity at universities that 
currently lack the ability to do research

 Faculty from institutions that are below the 50th percentile 
in federal research funding

 Includes faculty from community 
colleges

 Teams are 1 faculty member and 
up to 3 students

 Partnership with NSF

 FaST has led to grants to participating colleges
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FaST Faculty Grants Submitted & Funded

 Since the program began (2000), many FaST faculty have 
submitted research grant proposals to federal agencies, 
national laboratories, and other entities (public and 
private)

 Many proposals have been funded (3 examples):
– Jackson State University (MS) - Use of two-dimensional gel 

electrophoresis

– Laney Community College (CA) & LBNL - Environmental Control 
Technology Education for Advanced Building Operation and 
Management

– Southern University (LA) - X ray Detector Lab Development



41

Journal of Undergraduate Research

 Peer-reviewed, undergraduate journal

 Students participating in ANY program at the 
national laboratories can submit an abstract

 Top papers from WDTS programs are reviewed and 
selected for full publication
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Bill Valdez

Director

Office of Workforce Development for
Teachers and Scientists

Bill.Valdez@science.doe.gov

www.scied.science.doe.gov

Questions and CommentsQuestions and Comments


