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Supplement: Estimating energy R&D investments required for climate stabilization

This note describes the methodobgy used to arrive at the estimates for future energy R&D in
Kammen and Nemet (2005) Schod et a. (1999 vaued energy R& D by providing estimates of
the insurance needed againg oil price shodks, eectricity supply disruptions local air pollution,
and climate change By estimating the magnitude of the risks in each area and the probabilities
of energy R&D programs to reduce them, they foundthat inaeasing energy R&D by afactor of
four would be a @onsrvativeOestimate of its insurance value We note that this estimate
assumes a mean climate stabilization target of between 650 and 750 ppm CO; equivalent and
incorporates a 35% probability tha no stabilization at all will be needed. This possibility of no
stabilization at al is especialy concerning as it would potentially involve levels exceeding 1000
ppm CO; by theend of the century, with highe levels thereafter.
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Probability density function for climate stabilization used by Schock ef al. compared with the 550
ppm target used in Kammen and Nemet (2005).

A recalculation of ther modd to target the 550-ppm atmospheic level, scenaio A1T (@apid
technological changed of the Intergovanmental Pand on Climate Change (Nakicenovic et al.
2000) increases theoptimal R& D investmentin energy R&D to $11to $32billion, 3 to 10times
thecurrent level of investment.

Model Description

The modd devised by Schod et al. establishes an Onsurance valueOof federal energy R&D. It
IS based on assessing risk mitigation dueto R&D for four types of energy-related risks. The
nonclimate risks are discussed at the end of this appendix. The value of R&D for mitigaing
climate changeis calculated according to thefollowing:

The value of R&D for the U.S. (Vus) is the product of the climate mitigaion savings derived
from R&D programs (S), the assumed probability of R&D success (P), and the probability of
needing to achieve each stabilization level (L). These values are summed for each stabilization
level (i) and multiplied by the contribution to worldwide climate R&D by theU.S. (A).
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VUS =Al i(Si Pi Li)

Like Schod et al., we assume that the contribution to worldwide R&D by the U.S. (A) isin
propottionto its current share of worldwide greenhouse gas emissions approximately 25%

The subgript i represents 5 greenhou®-gas stabilization levels: 450 ppm, 550 ppm, 650 ppm
750 ppm, and the case of no stabilization.

Theprobabilities (L) of needing to stabilize at each level i, are used as shown in thefigure above
For the Schod et a. modd these are: 0.05 at 450ppm, 0.25 at 550 ppm 0.2 at 650ppm, 0.15 at
750 ppm, and 0.35 for the case of no stabilization. In contrast to the probability dendty fundion
used by Schodk et al., we select thedoubing of pre-indudrial levels as our target and thusassign
thelevel i = 550ppma QprobabilityOof 1.

We use the values developeal by Schodk et al. for the assumed probability of R&D success (P).
These probabilities decrease with stabilization levels, unde the assumption tha lower
stabilization will require larger contributions from early-stage technologies whose ultimate
viability isless likely than near-term options Therangefor 550ppmis 0.5to 0.8. We use both
endsof thisrangeto boundour estimate.

For each stabilization level i, the climate mitigation savingsderived from R&D programs (S) is
the difference between the cods to stabilize usng the outcomes of a successful R&D program
(CRD) and the cods to stabilize withoutthe R& D program (C).

Si = Ci - CRDi

We use the cods to stabilize (C) calculated by Schod et a., who used the MiniCAM 2.0 modd
applied to two sets of mitigaion scenarios thos by Wigley et a. (1999 andthelPCC. Thecod
to stabilize at 550 ppmisin the rangeof $0.9 to $24 trillion. It isimportant to note that these
scenaios aready indude technology improvement, althoughthey do not specify how much
R&D isimplied to achieve this GutonomousOimprovement. As Schodk et al. point out, if any
of this assumed improvement dependson highe levels of R&D, the estimates calculated in this
modd will then undeestimate the R& D required.

The cods to stabilize udgng the outcomes of a successful R&D program (CRD) are lower
because the energy technologies developed in the R&D program can be used to offset
greenhou® gas emissons a lower cods than udng existing technologies.  We use the
assumption by Schodk et a. tha a successful R&D program will enable us to deploy
technologies tha produe enegy at cods smilar to busness-as-usud costs while reduang
emissionssufficient to stabilize at the 550ppmlevel.
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Data comparison

The table bdow shows the values used in the modd. In our version of the modd we use the
same values as Schodk et al. for the 550 ppm level. The one exception is the probabilities
assumed for the needing to achieve each stabilization level (L). Our model is condiiond on a
stabilization target of 550 ppm, because we are deriving the amountof R&D required to achieve
a specific target. In contrast, Schodk et a. treat the stabilization level as an unaertain parameter
with a known probability dengty function.

Parameter values used in the model

Study Kammen and Schock et al. (1999)

Nemet (2005)
Stabilization level 550 550 450 650 750 None
Cost to stabilize without R&D
(C) $trillions 09t024 09-24] 3.7-45 03-13| 0.2-05 0
Cost to stabilize with R&D
(CRD) $trillions 0 0 0.4 0 0 0
Savings from R&D (8) $trillions 09t0c24 09-24] 33-41| 03-13| 0.2-05 0
Probability of R&D success (P) 0.5t00.8 0.5-0.8 0.1 1.0 1.0 --
Probability of needing to
achieve stabilization level (L) 1.0 0.25 0.05 0.2 0.15 0.35
U.S. share of worldwide R&D
(A) 0.25 0.25
Discount rate 0.05 0.05

Outcomes

In our modd, the total required spending was discounied and annudized to arrive at estimates
for therequired amountof annud federal energy R& D to stabilize atmospheic concentrationsof
CO; at 550ppm We arrive at arangeof $6to $27billionin 2005dollars.

Findly, we note tha in thar modd, Schod et a. show energy R&D can be used as insurance
agang other risks as well, such as oil price shods, electricity outages, and air pollution. Using
energy R& D to mitigae these risks has an annud value of $9 to $10billion. Thefigures above
are pehgpsovely conservative in tha they assume tha the R& D programs launched to address
climate stabilization pefectly overlap with the programs used to address these other risks. A
less conservative estimate would be to assume that perhgps hdf of the other risks would be
addressed by the climate R&D program and haf would not For example, investments to
improve the reliability of the electricity grid would reduae damages dueto power outages but
would not necessarily beindudeal in alarge climate R&D program. Intha case, optimal energy
R&D would rise to $11to $32billion pe year, or roughly 3 to 10 times current levels. In our
pape, we use scenaios of inareases of factors of 5 and 10 to compare this range to the large
R&D programs of the past.
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