
This PDF document was made available from www.rand.org as a public 

service of the RAND Corporation.

6Jump down to document

Visit RAND at www.rand.org

Explore RAND Science and Technology

View document details

This document and trademark(s) contained herein are protected by law as indicated in a notice 
appearing later in this work.  This electronic representation of RAND intellectual property is provided 
for non-commercial use only.  Permission is required from RAND to reproduce, or reuse in another 
form, any of our research documents for commercial use.

Limited Electronic Distribution Rights

For More Information

CHILDREN AND ADOLESCENTS

CIVIL JUSTICE

EDUCATION

ENERGY AND ENVIRONMENT

HEALTH AND HEALTH CARE

INTERNATIONAL AFFAIRS

POPULATION AND AGING

PUBLIC SAFETY

SCIENCE AND TECHNOLOGY

SUBSTANCE ABUSE

TERRORISM AND 
HOMELAND SECURITY

TRANSPORTATION AND
INFRASTRUCTURE

U.S. NATIONAL SECURITY

The RAND Corporation is a nonprofit research 
organization providing objective analysis and effective 
solutions that address the challenges facing the public 
and private sectors around the world.

Purchase this document

Browse Books & Publications

Make a charitable contribution

Support RAND

http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/
http://www.rand.org/pdfrd/scitech/
http://www.rand.org/pdfrd/publications/TR/TR112/
http://www.rand.org/pdfrd/research_areas/children/
http://www.rand.org/pdfrd/research_areas/civil_justice/
http://www.rand.org/pdfrd/research_areas/education/
http://www.rand.org/pdfrd/research_areas/energy_environment/
http://www.rand.org/pdfrd/research_areas/health/
http://www.rand.org/pdfrd/research_areas/international_affairs/
http://www.rand.org/pdfrd/research_areas/population/
http://www.rand.org/pdfrd/research_areas/public_safety/
http://www.rand.org/pdfrd/research_areas/science_technology/
http://www.rand.org/pdfrd/research_areas/substance_abuse/
http://www.rand.org/pdfrd/research_areas/terrorism/
http://www.rand.org/pdfrd/research_areas/terrorism/
http://www.rand.org/pdfrd/research_areas/infrastructure/
http://www.rand.org/pdfrd/research_areas/infrastructure/
http://www.rand.org/pdfrd/research_areas/national_security/
http://www.rand.org/pdfrd/scitech/
http://www.rand.org/pdfrd/cgi-bin/Abstracts/e-getabbydoc.pl?TR-112
http://www.rand.org/pdfrd/publications/electronic/
http://www.rand.org/pdfrd/giving/contribute.html


This product is part of the RAND Corporation technical report series.  Reports may 

include research findings on a specific topic that is limited in scope; present discus-

sions of the methodology employed in research; provide literature reviews, survey 

instruments, modeling exercises, guidelines for practitioners and research profes-

sionals, and supporting documentation; or deliver preliminary findings.  All RAND 

reports undergo rigorous peer review to ensure that they meet high standards for re-

search quality and objectivity.



Long Range Energy R&D

A Methodology for Program
Development and Evaluation

JAMES T. BARTIS

TR-112-NETL

March 2004

Prepared for the National Energy Technology Laboratory 
of the U.S. Department of Energy



The RAND Corporation is a nonprofit research organization providing objective analysis
and effective solutions that address the challenges facing the public and private sectors
around the world. RAND’s publications do not necessarily reflect the opinions of its research
clients and sponsors.

R® is a registered trademark.

© Copyright 2004 RAND Corporation

All rights reserved. No part of this book may be reproduced in any form by any electronic or
mechanical means (including photocopying, recording, or information storage and retrieval)
without permission in writing from RAND.

Published 2004 by the RAND Corporation
1700 Main Street, P.O. Box 2138, Santa Monica, CA 90407-2138

1200 South Hayes Street, Arlington, VA 22202-5050
201 North Craig Street, Suite 202, Pittsburgh, PA 15213-1516

RAND URL: http://www.rand.org/
To order RAND documents or to obtain additional information, contact 

Distribution Services: Telephone: (310) 451-7002; 
Fax: (310) 451-6915; Email: order@rand.org

Library of Congress Cataloging-in-Publication Data

Bartis, James T., 1945-
Long range energy R&D : a methodology for program development and evaluation / James T. Bartis.

p. cm.
“TR-112.”
ISBN 0-8330-3543-6
1. Power resources. 2. Energy development.  I.Title.

TJ163.155.A1 B37 2004
333.79'072073—dc22

2003026260

The research described in this report was conducted by RAND Science and Technology for
the National Energy Technology Laboratory of the U.S. Department of Energy.



xi

Summary

This report presents a disciplined planning process that links long-range strategic goals to
detailed long-term energy research and development (R&D) needs and opportunities. The
method begins with an articulation of long-term energy R&D goals, accounting for the diffi-
culty of predicting the far future. It then covers evaluation of the potential of a technology to
meet these long-term energy R&D goals, determines the fundamental technical problems
that underlie development risks and uncertainties, and identifies alternative development ap-
proaches that are directly related to long-term R&D goals.

Most long-term energy planning at the U.S. Department of Energy (DOE) has been
based on developing a limited number of projections of future energy supply and demand
using large econometric models. Prior projections (made 15 to 25 years ago) of energy use
patterns in the year 2000 generally missed the mark by wide margins. Major problems in-
cluded overestimating energy prices and energy demand. In general, the role of new tech-
nologies was overrated, and the evolution of existing technologies was generally underrated.
Reviewing more recent energy projections, we conclude that fundamental problems remain.
For example, if the Organization of Petroleum Exporting Countries (OPEC) were to lose
influence or if highly efficient automotive technologies were to be developed and deployed,
world oil supply and demand would change significantly. The approach developed in this
report is independent of quantitative projections of energy prices, supply, and demand.

Projecting Energy Needs to 2050

If projecting 25, or even 15, years into the future is so difficult, is it reasonable to attempt to
project energy needs nearly 50 years from today? Fortunately, long-term technology devel-
opment needs can be established without detailed projections of future supply and demand.
What we can say with confidence is that 50 years from now, there will be a huge domestic
and international demand by end-users for the following types of energy:

• Electric power to meet stationary and some transportation energy needs
• Processed liquid fuels to meet transportation energy needs
• Gaseous fuels to meet stationary and possibly transportation energy needs

For developing a long-term federal R&D portfolio, the amount of any type of energy
that may be needed in 2050 is far less relevant than the fact that the amount will be ex-
tremely large. For example, even if, contrary to almost all projections of energy demand, de-
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mand for electric power drops by as much as 50 percent, a huge amount of electric power
will still be needed.

While the U.S. government’s energy policies have varied over time, our analysis indi-
cates that the high-level goal of ensuring a steady supply of affordable, environmentally
sound energy for America’s homes, businesses, and industry has endured for the past 25
years. Consequently, we have adopted this goal and applied it to the long-term portion of the
federal energy R&D program. More specifically, the purpose of long-term R&D is to de-
velop technology options that will provide a hedge against future scenarios in which current
technologies will no longer be capable of providing steady supplies of affordable electricity
and liquid and gaseous fuels.

Long-term threats to adequate supplies of affordable energy fall into the following
categories: supply constraints; national security; safety problems; and three environmental
issues—air pollution, global climate change, and degradation of land and water. Figure S.1
illustrates how these six problem areas map onto the five main energy sources that currently
underlie the U.S. economy.

Strategic long-term energy R&D goals follow directly from the threat matrix and are
shown in Table S.1. The prioritization shown in Figure S.1 is neither unique nor static. Fu-
ture users of this methodology can review problem areas and develop appropriate sets of
long-range R&D goals.

The major advantage of the threat-matrix approach, in contrast to scenario-based
planning, is that it clearly separates the problem from the solution. This is critical for R&D
planning and not easy to achieve with scenario-based approaches, which are generally de-
signed for near-term policymaking rather than long-term R&D planning. Any realistic long-
term scenario must include national as well as global responses to problems encountered. If

Figure S.1
2050 Energy Threat Matrix
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NOTE:  Potential problem areas that threaten the ability to rely on current major energy options in 2050 
are indicated in dark gray (most serious) and light gray. The five energy sources listed in the first column 
provide 97 percent of the energy currently used in the United States.
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Table S.1
Long-Range Strategic R&D Goals

Priority R&D areas are those that offer affordable means of:

For electric power
• Providing electric power

— With significantly reduced emissions of greenhouse gases, and
— Avoiding nuclear fuel cycle problems, especially proliferation of fission materials and waste fuel disposal

• Reducing demand for electricity from power plants
• Significantly enlarging the technically recoverable resource base for natural gas

For processed liquid fuels
• Meeting transportation energy needs with significantly reduced greenhouse gas emissions
• Reducing energy demand in transportation
• Significantly enlarging the global technically recoverable petroleum resource base
• Providing, with low or no greenhouse gas emissions, non-petroleum sources of liquid fuels

For gaseous fuels
• Increasing supplies of natural gas, including

— Enlarging the domestic and global technically recoverable natural gas resource base
— Manufacturing synthetic natural gas with low or no greenhouse gas emissions

• Reducing energy demand in traditional and potential new applications for natural gas
• Manufacturing hydrogen with low or no greenhouse gas emissions

such problems and responses are not addressed, the scenarios result in Malthusian projec-
tions with, for example, energy becoming very scarce or disastrous climate changes occurring.
In some cases, scenarios guess about the costs and performance of technologies that are years
away from commercial application. They may also incorporate legislative and regulatory
changes that raise ideological controversies not relevant to planning and prioritizing the long-
term federal energy R&D program.

The IntraTech Approach

For the purpose of conducting technology-specific analyses, we developed a six-step method,
which we call the IntraTech approach. The name reflects its use for linking long-range stra-
tegic R&D goals within a technology area to detailed, long-term energy R&D needs and op-
portunities. The IntraTech approach is diagrammed in Figure S.2. The first two steps are
directed at understanding the long-term strategic problems that potentially threaten contin-
ued reliance on the current predominant energy sources—coal, petroleum, natural gas, nu-
clear energy, and hydroelectric power. The results of this analysis are the threat matrix and
strategic R&D goals described in the previous section.

The next four steps in the IntraTech approach are directed at evaluating a particular
technology. The third step consists of determining the specific threats and strategic R&D
goals addressed by the technology of interest. This is important because strategic priorities
within DOE have evolved since the initiation of development work on many technologies.
Additionally, long-term strategic R&D goals are likely to be significantly different from
short-term goals.

The fourth step consists of engineering and systems analyses that allow performance
uncertainties and affordability risks to be identified. For these analyses, guidelines are pro-
vided to establish an even playing field for evaluating affordability risks of advanced energy
technologies.
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Figure S.2
The Six-Step IntraTech Approach for Long-Range R&D Planning
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The fifth and sixth steps consist of technical analyses that determine the fundamental
technical problems that underlie performance and cost uncertainties (Step 5) and, using that
information, establish R&D needs and opportunities (Step 6).

Case Study: Power Generation Based on Coal Gasification

To illustrate and evaluate the IntraTech approach, we undertook a case study of an ongoing
major program area within the DOE Office of Fossil Energy. To limit the scope of this case
study, we focused Steps 5 and 6 on two long-term, high-risk areas: low-oxygen gasification
and solid oxide fuel cells for central station applications. The case study shows that the
IntraTech approach can identify long-term energy goals that a technology concept addresses,
identify the key performance factors and risks, identify R&D needs and opportunities, and
provide insights regarding alternative development options.
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Findings

An advantage, as well as a limitation, of the IntraTech approach is that it stays within a tech-
nology area. The method compares the prospective performance and costs of an advanced
technology to what is currently commercially available for achieving the desired product.
Thus, this approach may be especially useful to DOE officials responsible for planning, justi-
fying, and implementing long-term R&D programs directed at specific technology concepts
or groups of related technology concepts.

However, at its current state of development, the IntraTech approach is not appro-
priate for portfolio management. This limitation became evident in the case study during
the analysis of program balance within the DOE solid oxide fuel cell program. Whether the
IntraTech “single technology” approach can evolve into a tool suitable for portfolio man-
agement remains an open issue. Meanwhile, it can be used to provide senior-level federal of-
ficials with uniform information on individual technologies that might better inform the
current intuitive/consensus-based process of portfolio management and budget allocation.
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