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Motivation

I Combating climate change requires long-term investment in a
diverse set of technologies

I How should we allocate R&D resources over time and among
technologies?
I Policy interest: Mission Innovation ($30b), Breakthrough

Energy Venture ($22b), DoE ($8b), etc.
I How have governments allocated R&D resources?

I Lessons for climate R&D funding

1



This Paper

1. How do government R&D programs optimally allocate funding
across projects and over time?
I Theory: a simple model of dynamic decision making with 1)

correlations in R&D outcomes among projects and 2) gradual
resolution of the deployment benefit

2. How are we doing in practice?
I Empirics: test how effectively DoE has allocated funding

among nuclear energy R&D programs
I Program-level R&D funding data from Abdulla et al. (2017)
I To be combined with text data and contextual knowledge
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Literature

I Theory:
I Markowitz (1952), Gibbons, Ross & Shanken (1989)
I Roberts & Weitzman (1981), Pindyck (2002)
I This paper: a simple multi-stage R&D allocation model

I Empirics:
I Effect of government R&D on energy patents or publication:

Johnstone et al. (2010), Verdolini & Gaelotti (2011), Peters et
al. (2012), Dechezleprêtre & Glachant (2014), Nesta et al.
(2014), Costantini et al. (2015), Popp (2016)

I Determinants of government R&D effectiveness: Wuchty et al.
(2007), Costantini et al. (2015), Canter et al. (2016), Popp
(2017), Fabrizi et al. (2018)

I Simulation based on expert elicitation: Anadon et al. (2016),
Verdolini et al. (2018)

I This paper: testing allocative efficiency of government nuclear
energy R&D based on program-level data

3



Outline

I Conceptual Model
1. One technology
2. Two technologies with correlations
3. One technology with learning

I Data Source
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One Technology

t = 1: invest x ≥ 0 in R&D given R&D effectiveness a > 0
t = 2: R&D succeeds with probability P(x , a) ∈ [0, 1]

I If it succeeds: deploy technology at intensity y ≥ 0, paying
cost C (y) ≥ 0 and receiving benefit B(y) ≥ 0

I If it fails: do nothing, C (0) = 0, B(0) = 0

Social planner’s problem:

max
x ,y≥0

P(x , a)(B(y)− C (y)) + (1− P(x , a))× 0− x

Parametrization:

B(y) =
y

1 + y
γ, γ > 0

C (y) = ky , k ∈ (0, γ]

P(x , a) = 1− exp(−ax)

5



Optimal deployment: y∗ =

√
γ

k
− 1

Net deployment benefit: ∆ ≡ (
√
γ −
√
k)2

Optimal R&D: x∗ =
1
a

ln(a∆)

Value of R&D: V = ∆− 1
a
− x∗
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Two Technologies

Parametrization:

B(y1, y2) =
y1 + y2

1 + y1 + y2
γ

C (y1, y2) = k1y1 + k2y2, 0 < k1 < k2 ≤ γ
Pr(d1 = 0, d2 = 0|x1, x2) = µ

Pr(d1 = 1, d2 = 0|x1, x2) = 1− p2 − µ
Pr(d1 = 0, d2 = 1|x1, x2) = 1− p1 − µ
Pr(d1 = 1, d2 = 1|x1, x2) = p1 + p2 + µ− 1

with
pi ≡ P(xi , ai ) = 1− exp(−aixi ) i = 1, 2

µ = (1− p1)(1− p2) + ρ
√

p1p2(1− p1)(1− p2)

where ρ ∈ [−1, 1] is the correlation coefficient of the two
technologies’ R&D outcomes.
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Two Technologies with Correlation
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One Technology with Learning

t = 1: invest x1 ≥ 0 in R&D while facing uncertain γ
t = 2: with probability p ∈ [0, 1], γ ≥ k ; otherwise, γ < k

I if last-period R&D succeeds, do nothing this period
I if it fails, can invest again this period

t = 3: Deploy the technology if it is deployable
Social planner’s problem:

P(a, x1)p∆ + (1− P(a, x1))p[P(a, x2)∆− x2]− x1

Hence:

x∗1 =
1
a

ln[p(1 + ln(a∆))]

x∗2 =
1
a

ln(a∆)

V = p∆− 1
a
− x∗1
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Compare with Dixit and Pindyck

Without R&D uncertainty:
I Dixit and Pindyck (1994): wait until the benefit uncertainty

resolves
I Suppose investment I > 0 will surely bring R&D success
I If invest at t = 2, get larger expected value:

p[(
√
γ −
√
k)2 − I ]

I If invest at t = 1, get smaller expected value:

p(
√
γ −
√
k)2 − I

With R&D uncertainty:
I invest right away iff p(1 + ln(a∆)) > 1
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What Have We Learned from This Toy Model?

#1 Need to diversity the portfolio
#2 Cannot wait until we know the benefit better (under some

conditions)
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Empirical Exercise: Testing Allocative Efficiency of
the DoE Nuclear Energy Programs

Abdulla et al. (2017):
I Obtained annual budget justification documents from DoE

through a Freedom of Information Act and constructed a
database that traced both funding levels and project names
and designations from 1999-2015
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Figure 5. The Office of Nuclear Energy’s major programmatic initiatives over the past 18 years. NE has funded advanced (top),
crosscutting (middle) and light water (bottom) programs. The size of the bars reflects the amount of money appropriated to each
program in each year. The mixed-oxide (MOX) plant appropriation is not included due to the distortive effect of its high cost
(approximately $300 million) on figure size.

expended to maintain research infrastructure that only
marginally supports NE’s core mission. Much of this
infrastructure also supports other programs, mainly
related to defense, where research expenditures are
even more removed from commercial opportunities.
Decommissioning some of this infrastructure would
likely incur high costs and further delay advanced reac-
tor development. However, NE will remain liable for
this infrastructure unless strong political backing cat-
alyzes support for the shutdown of some facilities in
order to free up funding for new, mission-relevant
programs and infrastructure.

NE’s strategy roadmaps assign the office a large
role for developing advanced reactor designs to the
pointof commercialization, insteadof theprivate sector
[15–19]. The nature of novel nuclear technologies, and
perhaps all energy technologies that exist at the frontier
and thus require large investments to realize at scale,
is that substantial government support appears to be
required to undertake first-of-a-kind demonstration
[28]. Still, this support can take many forms, and widely
different models for project execution exist.

If we assume that, as a government R&D program,
NE’s primary role should be in developing advanced
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Figure 1: Part I of data from Abdulla et al. (2017)

13



Environ. Res. Lett. 12 (2017) 084016

Small Modular Reactor

Nuclear Energy Plant Optimization

Nuclear Hydrogen Initiative
(NHI)

19
98

19
99

20
00

10M 5M 1M Name

Ad
va

nc
ed

Cr
os

s-
cu

tti
ng

Li
gh

t W
at

er

Generation IV R&D

Next Generation Nuclear Plant

Next Generation Nuclear Plant Demo
(NGNP Demo)

Advanced Fuels

Advanced Burner Reactor Demo

Advanced Fuel Cycle Facility

Consolidated Fuel Treatment Facility

Advanced Small Modular Reactors

Advanced Reactor Tech

Supercritical Transformational
Electric Power

Cross-cutting Tech Development

Energy Innovation Hub

Nuclear Energy Advanced
Modeling and Simulation

for Modeling and Simulation

Global Nuclear Energy Partnership (GNEP)
Technology Development Center

(NGNP)

Nuclear Energy Research Initiative

Nuclear Power 2010

Light Water Reactor Sustainability

(NP 2010)

(LWRS)

(NEPO)

Licensing Tech Support

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

Figure 5. The Office of Nuclear Energy’s major programmatic initiatives over the past 18 years. NE has funded advanced (top),
crosscutting (middle) and light water (bottom) programs. The size of the bars reflects the amount of money appropriated to each
program in each year. The mixed-oxide (MOX) plant appropriation is not included due to the distortive effect of its high cost
(approximately $300 million) on figure size.

expended to maintain research infrastructure that only
marginally supports NE’s core mission. Much of this
infrastructure also supports other programs, mainly
related to defense, where research expenditures are
even more removed from commercial opportunities.
Decommissioning some of this infrastructure would
likely incur high costs and further delay advanced reac-
tor development. However, NE will remain liable for
this infrastructure unless strong political backing cat-
alyzes support for the shutdown of some facilities in
order to free up funding for new, mission-relevant
programs and infrastructure.

NE’s strategy roadmaps assign the office a large
role for developing advanced reactor designs to the
pointof commercialization, insteadof theprivate sector
[15–19]. The nature of novel nuclear technologies, and
perhaps all energy technologies that exist at the frontier
and thus require large investments to realize at scale,
is that substantial government support appears to be
required to undertake first-of-a-kind demonstration
[28]. Still, this support can take many forms, and widely
different models for project execution exist.

If we assume that, as a government R&D program,
NE’s primary role should be in developing advanced
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Figure 2: Part II of data from Abdulla et al. (2017)
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