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Wind and solar energy
make the grid less
predictable
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Storage can mitigate volatility

BDemand Response = Virtual
Storage

BBatteries, Pump-hydro
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Questions addressed in this talk

1. Does markets leads to a socially optimal use
of storage?

2. Is there a difference between demand
response and storage?
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IMPACT OF STORAGE ON
MARKETS

[Gast et al 2013] N. G. Gast, J.-Y. Le Boudec, A. Prouti¢re and D.-C. Tomozei. Impact of
Storage on the Efficiency and Prices in Real-Time Electricity Markets. e-Energy '13,

Fourth international conference on Future energy systems, UC Berkeley, 2013. >



We focus on the real-time market

B Most electricity markets are organized in two stages
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Real-time Market exhibit highly volatile prices
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The first welfare theorem

Bl mpact of volatility on prices in real time market is studied by Meyn
and co-authors: price volatility 1s expected

Theorem (Cho and Meyn 2010). When generation constraints
(ramping capabilities) are taken into account:

e Markets are efficient

 Prices are never equal to marginal production costs.

What happens when we add storage to the picture ?

BDocs the market work, i.e. does the invisible hand of the market
control storage in the socially optimal way ?

[Cho and Meyn, 2010] I. Cho and S. Meyn Efficiency and marginal cost pricing in dynamic competitive markets with
friction, Theoretical Economics, 2010



A Macroscopic Model of Real-time generation and Storage

Randomness (forecast errors)

Assumption: (D — I') ~ Brownian motion (e @
' I g Controllable generation
—
| iiE Ramping Constraint
Suppl —§ < G(t) - G(t - 1) <C
G"(t) g9 (t) + G(t) +T(1)

Demand
D"(f) da(t) + D(t)
extracted
(or stored) power
Day- ahead
«  Storage cycle efficiency
St:t;‘ge!- - = = (Eg.n=08)
W = —u(t)(lu(()>o+”1u(‘)<o) LWM WM

Macroscopic model
B At each time: generation = consumption
G2 (t) +u(t) = D(t) 9



A Macroscopic Model of Real-time generation and Storage
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Theorem: the market is efficient
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BSocial planner’s problem: BlCompetitive equilibrium:
Maximizes the sum of the utility Users are selfish

Users are price-takers

Theorem [G et al. 2013].

- Dynamic competitive equilibria exist and are essentially independent
of who is storage owner

- Any dynamic competitive equilibrium for any of the three scenarios
maximizes social welfare
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The Invisible
Hand of the
Market may not

be optimal

B Any dynamic competitive
equilibrium for any of the
three scenarios maximizes
social welfare

B However, this assumes a given

storage capacity.

B Is there an incentive to install
storage ?

P No, stand alone operators or
consumers have no incentive to
install the optimal storage
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2.
DEMAND-RESPONSE AND PRICES

[Gast et al 2014] N. Gast, J.-Y. Le Boudec and D.-C. Tomozei. Impact of demand-
response on the efficiency and prices in real-time electricity markets. e-Energy '14,
Cambridge, United Kingdom, 2014. 13



Issue with Demand Response:
Non Observability

B Widespread demand response may make load hard to predict
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Our Problem Statement

Does it really work as virtual storage ?

Side effect with load prediction ?

To this end we add demand response to the
previous model
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The Benefit of demaned
response is similar to perfect
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What this suggests :

B With a free and honest market, storage and demand response
can be operated by prices

B However there may not be enough incentive for storage
operators to install the optimal storage size / demand response
infrastructure

BDcmand Response is similar to an ideal storage that would
have close to perfect efficiency

Bl However it is essential to be able to estimate the state of loads
subject to demand response (observability)

BMarket can be used for decentralized optimization
(Lagrangian decomposition / ADMM)
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Thank You !

B slides available:
http://mescal.imag.fr/membres/nicolas.gast/research/
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