
IEEE TRANSACTIONS ON POWER SYSTEMS 1

Using Storage-Capacity Rights to Overcome the
Cost-Recovery Hurdle for Energy Storage

Ramteen Sioshansi, Senior Member, IEEE

Abstract

sioshansi.1@osu.edu


2 IEEE TRANSACTIONS ON POWER SYSTEMS



SIOSHANSI: USING STORAGE-CAPACITY RIGHTS TO OVERCOME THE COST-RECOVERY HURDLE FOR ENERGY STORAGE 3

for transmission-related services that are not priced in any

market. Instead, the batteries would be operated solely on the

basis of administrative instructions provided by the CAISO.

As such, the batteries would be operated in the same manner

as capacitors that are used to address transmission issues

and would not threaten the CAISO’s market independence.

In doing so, Western Grid explicitly precluded the possibility

of using the batteries for any energy or AS services, as those

services are priced in the market. Unlike in the LEAPS case,

the FERC allowed the cost of the batteries to be ratebased.

Taken together, these two decisions raise some issues re-

garding cost recovery for energy storage that have important

implications for efficient investment in and use of storage.

Contrasting the decisions in the LEAPS and Western Grid

cases suggests that a storage developer must make a conscious

decision of whether to only offer services that are not priced

in the market or to offer services that are priced. If the

developer chooses the former, the Western Grid case suggests

that investment and other costs can be ratebased. This is

beneficial to the developer because ratebased investments tend

to have lower risk than assets that must recover costs in a

competitive market.

Deploying a storage asset that only provides unpriced

services can result in inefficient asset use, however. As an

example of this, take the batteries proposed in the Western

Grid case and consider a day on which the energy stored in

the batteries is not needed for transmission-related services.

Because the batteries are not needed for transmission-related

services (and would, thus, remain idle), it could be beneficial

to discharge the batteries if energy or AS prices are sufficiently

high. Doing so would be beneficial to the battery owner, as

reflected in the market revenues that would be earned. This

use of the battery is also socially beneficial, as it allows lower-

cost energy that has already been charged into the battery to

displace higher-cost energy that would otherwise be used when

the market price is high [5]. However, to receive ratebased

cost recovery, Western Grid explicitly precluded the possibility

of using the battery to provide any service that is priced

in the market in its filings. The ruling in the LEAPS case

suggests that Western Grid may not have received ratebased

cost recovery without this explicit stipulation. This creates a

clear operational inefficiency, as the asset must sit idle when it

could provide a socially and privately valuable service. Indeed,

one of the objections that the CAISO raised to ratebased

cost recovery in the Western Grid case is that it would force

ratepayers to cover the cost of batteries that would not be

used to their full potential.4 However, this limitation of using

the batteries only for unpriced services was needed to ensure

ratebased cost recovery.

This limitation on capturing market-priced value by storage

assets providing unpriced services can also hinder efficient

storage investment. This is because storage may be a more

costly alternative to a transmission- or distribution-capacity

upgrade when considering capacity deferral only. However, if a

distributed storage asset can provide energy and AS in addition

4cf. Page 12 of the FERC’s Order on Petition for Declaratory Order in the
Western Grid case.

to capacity deferral, it may be a more economic solution in net

[6]. The Western Grid and LEAPS decisions suggest, however,

that a distributed energy storage system may not be able to

capture energy and AS revenues while also having proper rate

treatment of its capacity-deferral benefits.

Interestingly, the inability of the batteries in the Western

Grid case to capture energy and AS revenues while receiving

ratebased cost recovery ultimately became a hindrance to the

project being deployed. In its ruling on the case, the FERC

required the CAISO to evaluate the Western Grid proposal as

an alternative to traditional transmission upgrades (in line with

FERC Order 890). The CAISO determined that the Western

Grid batteries were not the most prudent transmission-upgrade

option. If the batteries could have provided energy or AS to

defray part of their investment costs, they may have been

selected as the most prudent alternative.

The alternate option for a storage developer is to provide

services priced in the market only, thereby foregoing ratebas-

ing of the asset cost. If a storage asset is being built solely

or primarily to provide services priced in the market, this can

be a viable option. A real-world example of this is more than

300 MW of flywheel and battery projects developed to provide

frequency regulation reserves [4]. An important limitation of

this storage-development paradigm, however, is that it does

not allow for storage to provide a combination of services.

As an example, a storage asset may not be economically

prudent on the basis of frequency regulation revenues alone.

However, if it could capture the value of transmission-deferral

benefits in addition to frequency regulation revenues, it may

be a prudent investment. The LEAPS decision suggests that

such co-mingling of priced and unpriced services will not be

allowed by the FERC.

The FERC’s decision not to ratebase the cost of the LEAPS

plant stems from a fundamental principal underlying competi-

tive wholesale electricity market design. The market produces

price signals that drive the system toward an equilibrium

that is short- and long-run efficient. The resulting efficiency

of the market is premised, in part, on the assumption that

assets competing in the wholesale market recover their costs

through market revenues. If subsidies or other market distor-

tions eliminate this competitive pressure, the price-formation

process may not yield market efficiency. Similarly, ratebasing

the LEAPS plant and allowing it to participate in the wholesale

market can harm price formation.

This issue of price formation with a subsidized storage

asset has also been playing out in the state of Texas. In

November, 2014 Oncor, a transmission and distribution utility,

proposed building 5 GW of distributed storage in the state of

Texas. This proposal was based on an analysis suggesting that

5 GW of storage could justify its investment cost through the

range of services that it could provide [7].

A question that was immediately raised by this proposal was

whether storage assets owned by a regulated transmission and

distribution utility, which would likely received rate-based cost

recovery, could participate in the wholesale ERCOT markets
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markets, there is no capacity product in ERCOT. As such,

generators must recover their costs solely through scarcity

pricing in the energy and AS markets. Storage assets receiving

rate-based cost recovery participating in these markets could

dampen scarcity prices, threatening future generation invest-

ment.

Legislation and regulatory rulings at the time of Oncor’s

proposal precluded a transmission and distribution utility own-

ing assets (e.g., generation) that participate in the wholesale

ERCOT markets. As a result, Oncor has not yet proceeded

with its proposal. According to Oncor, if storage assets are

limited to providing voltage support, backup energy, and

distribution capacity deferral (which are standard services

provided by transmission and distribution utilities) but cannot

provide market-priced services, such as energy arbitrage and

frequency regulation, their financial viability is limited.

III. STORAGE-CAPACITY AUCTION

Section II suggests that any regulatory and cost-recovery

paradigm for energy storage should ideally satisfy three prop-

erties. First, it should allow a storage asset to capture the

value of all of the services that it could potentially provide,

regardless of whether they are priced in a competitive market

or not. Second, it should not rely on the market operator

dispatching the storage asset in a manner that threatens its

market independence. Finally, it should not introduce any

subsidies or other distortions to the price-formation process

in competitive markets.

Our proposed solution to the issues raised in Section II is

to extend the model proposed by He et al. [8] to aggregate

multiple uses of energy storage. The heart of our proposal

is to introduce a market that competitively auctions storage-
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term in the objective maximizes the value of energy held

in storage associated with the allocation of energy-capacity

rights. This is embodied by the bids, πe
t,t′,m, submitted for

energy-capacity rights.

Energy-balance constraints (3) define the ending hour-t

SOC of the storage device in terms of the hour-(t−1) SOC and

the hour-t charging and discharging allocation. The charging-

efficiency factor, ηc, is applied to energy charged into storage.

The carrying-efficiency factor, ηs, is applied to the energy

carried over from the previous hour.
Constraints (4) limit the SOC of the storage device in each

hour based on the device’s hours of storage capacity. The

lower-bounds in these constraints are defined by the allocation
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decision variables in vector form and λ, σ−, σ+, γ−, γ+, µc,−,

µc,+, µd,−, µd,+, µe,−, and µe,+ as the Lagrange multipliers

in vector form.

Proposition 1: Suppose q̄c, q̄d, q̄e, s̄, λ̄, σ̄−, σ̄+, γ̄−,

γ̄+, µ̄c,−, µ̄c,+, µ̄d,−, µ̄d,+, µ̄e,−, and µ̄e,+ satisfy KKT

conditions (12)–(26). Consider the following per-MW pricing

rules for storage-capacity rights: (i) hour-t power-capacity

charging rights are priced at:

−ηcλt − ηc
· (γ−

t − γ+
t ), (27)

(ii) hour-t power-capacity discharging rights are priced at:

−λt − (γ−

t − γ+
t ), (28)

and (iii) energy-capacity rights consisting of an hour-t injec-

tion and hour-t′ withdrawal are priced at:

ηcλt − λt′ −

t′−1
∑

τ=t

σ−

τ + ηc · (γ−

t − γ+
t )− (γ−

t′ − γ+
t′ ). (29)

Then the allocation of storage rights, (q̄c, q̄d, q̄e), and the

prices constitute an equilibrium in the sense that each storage-

right owner would want to follow the injections and with-

drawals specified by the allocation.

Proof: Consider an agent (that is independent of the

storage owner) that would like to inject up to Qc
τ,i MW in

hour τ at a per-MW price of at most πc
τ,i and withdraw up

to Qd
τ ′,j MW in hour τ ′ at a per-MW price of at least πd

τ ′,j .

The agent would determine how much energy to charge in

hour τ , which we denote by xc
τ,i, and how much to discharge

in hour τ ′, which we denote by xd
τ ′,j , to maximize profit.

Following the proposed pricing scheme, the agent solves the

profit-maximization problem:

max
x

(

πd
τ ′,j − λτ ′ − (γ−

τ ′ − γ+
τ ′)
)

xd
τ ′,j (30)

−
(

πc
τ,i − ηcλτ − ηc · (γ−

τ − γ+
τ )
)

xc
τ,i

s.t. 0 ≤ xc
τ,i ≤ Qc

τ,i; (µc,−
τ,i , µ

c,+
τ,i ) (31)

0 ≤ xd
τ ′,j ≤ Qd

τ ′,j ; (µd,−
τ ′,j , µ

d,+
τ ′,j) (32)

where the Lagrange multiplier associated with each constraint

is indicated in the parentheses to the right of it. Objective

function (30) maximizes the value to the agent of the injection

and withdrawal. The per-MW value of a withdrawal to the

agent is πd
τ ′,j , however the agent must pay:

λτ ′ + (γ−

τ ′ − γ+
τ ′), (33)

per MW withdrawn. Conversely, the agent incurs a per-MW

cost of πc
τ,i for storing energy, but is paid:

ηcλτ + ηc
· (γ−

τ − γ+
τ ), (34)

per MW injected. The KKT conditions for the agent’s problem

are:

πc
τ,i − ηcλτ − ηc

· (γ−

τ − γ+
τ )− µ

c,−
τ,i + µ

c,+
τ,i = 0; (35)

−πd
τ ′,j + λτ ′ + γ−

τ ′ − γ+
τ ′ − µ

d,−
τ ′,j + µ

d,+
τ ′,j = 0; (36)

0 ≤ qc
τ,i ⊥ µ

c,−
τ,i ≥ 0; (37)

qc
τ,i ≤ Qc

τ,i ⊥ µ
c,+
τ,i ≥ 0; (38)

0 ≤ qd
τ ′,j ⊥ µ

d,−
τ ′,n ≥ 0; (39)

qd
τ ′,j ≤ Qd

τ ′,j ⊥ µ
d,+
τ ′,j ≥ 0. (40)
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additional storage capacity is valuable, because it allows more

valuable bids for power-capacity rights to clear the auction.

As H increases, however, more bids that are submitted for

charging and discharging rights (with smaller margins) clear

the auction and additional capacity is less valuable.



SIOSHANSI: USING STORAGE-CAPACITY RIGHTS TO OVERCOME THE COST-RECOVERY HURDLE FOR ENERGY STORAGE 11

obtained by the party for $499.20
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market (which is priced at $32.50/MW in the example in

Section IV-B) to extract the 1.0 MW before hour 19. In this

case, the $499.20
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