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Abstract
Optimal use of electric energy storage systems is
expected to play a key role in supporting wind
integration, relieving transmission and distribution (T&D)
congestion, and improving the balance of supply and
demand. However, there have been very limited
assessments of what types and sizes of storage
systems are optimal and what locations are the most
promising. In 2009, an EPRI initial assessment of energy
storage in ERCOT (EPRI report 1017824) recommended
more regional market simulation studies to further the
understanding of the role and benefits of energy storage
to support renewable integration. This project evaluated
the Independent System Operator (ISO) system benefits
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of bulk and distributed energy storage system
deployment under regional specific wind penetration
scenarios in the PJM, NYISO, and ERCOT markets to
assess the role and value of energy storage options and
address key research questions on the role and value of
wind to support wind integration.

Objective

The objectives of these case studies included:

Estimating the value and role of different energy
storage options in addressing regional wind
penetration estimates with a focus on compressed
air, bulk battery, and distributed battery systems
Estimating how much additional renewable
integration is possible using energy storage
Assessing the relative economics of energy storage
systems vs. other fossil generation options
Assessing the critical variables that influence the
role of storage—market rules, generation mix, T&D
robustness, types and sizes of loads, location of
wind relative to load
Estimating the impacts of different energy storage
portfolios on production costs/benefits and
greenhouse gas (GHG) emissions
Assessing the role of energy storage in minimizing
the thermal cycling of base load generation and
estimating the CO2 emission impacts of energy
storage
Using the research findings to more clearly define
the technical, performance, operational and
functional characteristics of storage systems to
support renewable integration

Approach
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The project team selected the PJM, NYISO and ERCOT
systems for energy storage system assessment,
including compressed air energy storage, bulk batteries,
and distributed battery systems. Each of the ISO studies
involved only a single study year. The team conducted
market simulations using the UPLAN market simulation
model and its underlying suite of databases as the
analytical platform with EPRI providing estimates of the
cost and performance of energy storage options. Inputs
from PJM, NYISO and ERCOT provided inputs in terms of
wind penetration and location and the transmission grid
configuration for the study year. Multi-year analysis, high
wind penetration scenarios, and CAES site optimization
were beyond the scope of this research study.

Results

These case studies show that transmission congestion
can play a key role in siting compressed air energy
storage systems (CAES). The economic performance of
CAES depends on capital costs, the price of natural gas,
and the ability of CAES to participate in day-ahead
ancillary energy service markets. Larger CAES systems
(800-2000 MW) that use multiple trains and larger
compressors should be analyzed, as they would enable
more opportunities to participate in day-ahead markets.

Bulk and distributed storage systems can be potentially
sited at or near transmission congestion nodes to
improve wind integration and ISO System Benefits.
Although analysis of distributed storage deployment
illustrates their potential value to ISO systems, owner
benefits are low assuming a 10% discount rate and a
high-cost structure for battery systems. Given the
benefits to ISOs that would result from targeted siting of
distributed or bulk storage systems, a mechanism should
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be considered where ISO benefits could be monetized by
owners of distributed storage systems.

Application, Value and Use

Electric utility strategic planners, resource planers,
renewable managers, R&D managers and Independent
System Operators can use the results of this work to plan
and implement strategies in bulk and distributed energy
storage solutions for renewable integration. The research
findings will also help set the further direction for more
detailed studies and market simulations

EPRI Perspective

Further investigations of bulk and distributed storage
systems in congested transmission nodes, i.e. with high
locational marginal prices, should be undertaken in
concert with Load Serving Entities (LSE). Future studies
should undertake integrated analysis of distributed
storage systems and their benefits to LSEs and ISOs.
Additional regional integrated storage, transmission, and
bulk generation market simulations should be conducted
under higher wind penetration scenarios like those
envisioned in under EPRI’s Prism 2.0 modeling activities.
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