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Benefits Assessment at the NRC:

• In 2000, the NRC was asked by congress to evaluate the benefits of 
DOE research in Fossil Energy (FE) and Energy Efficiency (EE) from 
1978-2000

• The NRC committee considered 39 case studies:
– The 22 FE case studies represented almost all of the DOE R&D 

expenditures in FE: $11 billion out of $15 billion budget.
– The 17 EE case studies represented a small sample of a large pool of small 

projects in EE: $1.6 billion out of $7.3 billion budget.
• In 2003, the NRC was asked by DOE to evaluate prospective benefits

of DOE energy programs
– Phase I (2005) developed a methodology
– Phase II (2007) reported on experience applying the methodology to 6 

projects



The retrospective methodology was built around the benefitsThe retrospective methodology was built around the benefits 
matrix

Realized Benefits 
and Costs

Options Benefits 
and Costs

Knowledge 
Benefits and 
Costs

Economic 
benefits and costs

Environmental 
benefits and costs

Security benefits 
and costs



Understanding the classes of benefits represented by the rowsUnderstanding the classes of benefits represented by the rows 
of the matrix

Economic 
benefits and 

Change in total value of goods and services in the U.S. 
economy (under “normal” conditions) made possible 
b h h l l d f h R&Dcosts by the technological advances stemming from the R&D 
program. (The five year rule!!)

Environmental Change in the quality of the environment made possibleEnvironmental 
benefits and 
costs

Change in the quality of the environment made possible 
by the new technology

Security 
benefits and 
costs

Change in the probability or severity of adverse 
abnormal  events made possible by the new technology



The columns reflect different degrees of uncertainty aboutThe columns reflect different degrees of uncertainty about 
the benefit

Realized Benefits 
and Costs

Options Benefits and 
Costs

Knowledge 
Benefits and 
Costs

Benefits are almost 
certain; technology 

Technology has been 
developed; 

All other potential 
benefits

has been developed 
and conditions are 
favorable for 
deployment

conditions are not 
currently favorable 
for deployment, but 
may be laterdeployment may be later



Broad summary of conclusions

Realized Benefits Options Benefits Knowledge 
and Costs and Costs Benefits and 

Costs

Economic EE: benefits WaitingEconomic 
benefits and costs
(1999 $)

EE: benefits-
$30B; costs - $7B
FE: benefits -
$11B; costs -
$11B

Waiting 
technologies with 
promise: ATS, 
IGCC, PNGV, 
IOF

All the 
technologies 

$11B IOF funded by DOE.

Environmental 
benefits and costs

Substantial: $60B 
- $90B

(ditto, econ option 
benefits)

add to stock of 
knowledge inbenefits and costs $90B benefits) knowledge in 
varying degrees

Security benefits Very modest Possible impact 
and costs increases in 

petroleum supply.
from PNGV



Benefits matrix for the Flue Gas Desulfurization Program



Benefits matrix for the Improved Indirect LiquefactionBenefits matrix for the Improved Indirect Liquefaction 
Program



Benefit Matrix for the Fluorescent Lamp Electronic BallastBenefit Matrix for the Fluorescent Lamp Electronic Ballast 
Program



Benefits Matrix for the Stirling Engine Heat Pump Program



Challenges for Prospective Benefits Study:

• Capturing and measuring the wide variety of benefits and risks
– Complex technologies – uncertainty about technical success

Dynamic marketplace uncertainty about market success– Dynamic marketplace – uncertainty about market success
– Changing society – uncertainty about future constraints, “state of 

world”
D t i i th ti f th b fit tt ib t bl t• Determining the proportion of the benefits attributable to 
DOE support
– Prorating benefits when costs are shared or when multiple 

t i d fcomponents are required for success
– Guessing at what would have happened without 

DOE support



Prospective Benefits Matrix
Global Scenarios

Reference High Oil/Gas Carbon
Case

g
Prices Constrained

Program  Technical Risk
Risks

Market Risks

Expected 
Program 
Benefits

Economic 
Benefits

Environmental 
Benefits 

Security Benefitsy



• Three scenarios describe possible future states of the 
world:world:
– Reference Scenario:  A "base case" scenario like the EIA reference 

case 
– High Oil and Gas Price Scenario:  US oil and gas prices are g g p

persistently higher than current projections
– Carbon-sensitive Scenario:  Limiting carbon emissions becomes a 

regulatory priority 

• The risk categories are qualitatively different
– Scenarios – policy choices; wide range of beliefs

Technical risk scientific management issues within the– Technical risk – scientific, management  issues within the 
program/agency

– Market risk – activities and technologies external to DOE



Decision Tree Approach to Prospective Benefits Analysis

• Benefits conditional on multiple events, each subject to probabilistic outcome 
• Multiple potential program technological outcomes

– DOE programs often have “stretch goals,”  but even when these are not p g g ,
achieved, some technological improvements may result from the program

• Multiple potential outcomes in competing technologies
– The market success depends on both what happens in the government 

program and what happens outside it: a mediocre government result may 
be economically successful if the “next-best-alternative” is also 
unattractive.   

• Technology may develop with or without government program• Technology may develop with or without government program
– Calculating program benefit requires that it be compared to what would 

happen in its absence rather than simply evaluating the rate of return (the 
standard for  private sector investmens).p )
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Lighting Panel Estimates

Probability of Technical Success
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DOE Program 
Investment

DOE/US Industry 
Success Level

Asian Success 
Level Probability Benefits

Contribution to 
Expected Benefits

150 Lumens/Watt 0.005 $4,803,077,819.0 $24,015,389
150 Lumens/Watt 125 Lumens/Watt 0.05 $4,926,233,661 $246,311,683

No Change 0 045 $4 926 233 661 $221 680 515No Change 0.045 $4,926,233,661 $221,680,515

Expected Cost Reductions 150 Lumens/Watt 0.02 $4,679,921,978 $93,598,440
$2,965,592,664 Yes 125 Lumens/Watt 125 Lumens/Watt 0.2 $3,602,308,364.3 $720,461,673

No Change 0.18 $3,694,675,245 $665,041,544

150 L /W tt 0 025 $4 679 921 978 $116 998 049150 Lumens/Watt 0.025 $4,679,921,978 $116,998,049
No Change 125 Lumens/Watt 0.25 $3,509,941,483 $877,485,371

No Change 0.225 0 $0

150 Lumens/Watt 0 $4,803,077,819.0 $0
150 Lumens/Watt 125 Lumens/Watt 0 $4,926,233,661 $0

No Change 0 $4,926,233,661 $0

Expected Cost Reductions 150 Lumens/Watt 0 $4,679,921,978 $0
$2,323,027,061 No 125 Lumens/Watt 125 Lumens/Watt 0.15 $3,602,308,364.3 $540,346,255

No Change 0.15 $3,694,675,245 $554,201,287g

150 Lumens/Watt 0 $4,679,921,978 $0
No Change 125 Lumens/Watt 0.35 $3,509,941,483 $1,228,479,519

No Change 0.35 0 $0

Expected Value of Gain From DOE Program (Millions of Dollars): $643Expected Value of Gain From DOE Program (Millions of Dollars): $643



Lessons Learned

• Common to Retrospective and Prospective Studies
• Retrospective Studyp y
• Prospective Study



Lessons Learned: Common to Retrospective andLessons Learned: Common to Retrospective and 
Prospective Studies

• Keep it simple, rigorous, and transparent
• Create a methodology applicable to a broad range of RD&D programs
• Methods to evaluate benefits must apply to non economic benefits as• Methods to evaluate benefits must apply to non-economic benefits as 

well as economic benefits
• Data need to be available, accurate and consistent

Th th d l d t f i b t th• The methodology needs to force a comparison between the program 
outcome or goal and the next best technology

• Evaluation is incorporated into budget requests – need for clear 
bl l d il tmeasurable goals and milestones

• Priorities depend on policies and judgments, not just mechanical 
application of cost-benefit analysis.



Lessons learned from retrospective and prospectiveLessons learned from retrospective and prospective 
analyses, cont.

• Consistent use of the framework enables understanding and evaluation 
of FE and EE R&D
– Allows an evaluation of the portfolio of projects in the DOE 

programs
• Tree/Matrix clarifies the sources of risks, highlights critical 

components of program success.
• Evaluation exercise forces interaction between FE and EE programs.
• Use of outside experts provides credibility and objectivity

– In assessing probabilities and defining benefits
– Allocating credit to the DOE



Lessons Learned: The Retrospective Analysis

• No feasible methodology can evaluate the outputs of all programs
• RD&D programs for near-term deployment technologies need parallel 

market incentivesmarket incentives
– Standards can be an important mechanism to pull new technologies
– Industry collaboration is essential for introducing new technology; 

• Evaluation requires consistent record of budgets and cost sharingEvaluation requires consistent record of budgets and cost sharing.
• Expect project failure

– “failures” generate knowledge
Know when to terminate a project– Know when to terminate a project



Lessons Learned: The Prospective Analysis

• Consistent application improves quality and comparability at the 
program level

• The NEMS model is not well-suited for evaluating RD&D at theThe NEMS model is not well suited for evaluating RD&D at the 
Department of Energy (although it may play a role in the evaluation).

– Much simpler models allow consideration of different potential outcomes, 
allow the evaluation to focus on features important to the success of the 
programs, and are all that can be justified given the quality of the data and 
the extent of uncertainty

• Adequate resources are needed to apply the methodology including use 
f l k i h ll lof consultant to work with all panels.


