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Motivation and Research Question

To quantify the economic value of large-scale solar PV, besides investment
cost:

how solar correlates with demand.

predictability of solar generation.

cost of backup generation.

Comparative statics: how does the cost vary under different policy

environments.
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Contribution

Joskow and Tirole (2007): unexpected failure of conventional generators.

This paper:

renewable intermittency

stochastic demand

quantification of renewable cost

Endogenize investment decision
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Set-up

Given

exogenous level of solar generation capacity and retail price.

joint distribution of demand and renewable output computed by weather

forecast.

Decision variables:

Long-term

capacity of new backup generators.

Demand curtailment price.

Short-term:

for each period (1-hour), energy and reserves quantity.

the quantity of curtailment

Real-time, demand, renewable output, plants breakdown realized.
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Demand

QD(p, D̄) =

{
0 p > v

D̄p−η p ≤ v
(1)

D̄ ∼ FD(·|−→w ) is a scale of demand. VOLL = ∂S/∂d
∂D/∂d .

curtailment price pc , payment = pc − p̄.
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Supply

J incumbent conventional generators, each is indexed by j = 1,2, ...J :
capacity kj
marginal cost cj (reserve costs fraction of )

mj ∈ {0,1},onj = 0⇐mj = 1

probability of failure P fail
j

nFF new conventional generators,
each has capacity kFF

capacity cost FCFF

marginal cost cFF

Fixed solar PV capacity nSL:
capacity cost FCSL/MW

state-contingent distribution nSLS̄ , S̄ ∼ F S(·|−→w )

fraction dSL of total solar capacity is distributed, which lowers transmission

costs.Gowrisankaran et.al. (2016), JPE Intermittency and the Value of Renewable Energy Sep 11, 2023 6 / 20



Introduction Model Results Conclusion

Operator’s problem: short-term

which conventional generators to be dispatched −→on.
The amount of demand to be curtailed z .
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Operator’s problem: long-term I

price for curtailment contract pc .
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Operator’s problem: long-term II

new conventional generators investment decision nFF .
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Data

May 2011-April 2012: 58 sites in Tucson, Arizona

Cost and failure information.

Day-ahead weather forecast data.

hourly load.

emission rates for CO2,SO2,NOx .

ancillary service auction price.
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Parameters: demand
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Parameters: supply I
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Parameters: supply II
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Parameter: failure and maintenance prob
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Social costs of solar
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Social costs of solar: decomposition

Non-dispatchable, high capacity cost
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Social costs of solar: welfare-neutral

Capital cost = $ 1.52/W.
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Robustness: policy environment

curtail contracts

imports/exports

additional generator type

different forecasts

different VOLL

are all trivial.
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Conclusion

Re-optimization reduces the social cost of large-scale solar PV.

With solar capital cost = $4.41/W, social benefit of 20% renewable

penetration is negative = -$138.4.(not accounting for emission reduction.)

Social welfare neturality when solar capital cost = $1.51/W.

Two main ways to increase value of solar energy: lower capital cost, better

storage.
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