Resource" shall mean a resour _,j'-‘-“--‘ e
receiving electric energy from the grid and storing.i
for later injection to the grid that parti the
PJM Energy, Capacity and/o ci

Realising the full potential of expanding solar PV
and wind requires proactive integration strategies.
Between 2018 and 2023, solar PV and wind
capacity more than doubled, while their share of
electricity generation almost doubled. Modifications
to policy, market and regulatory frameworks ensure
that battery energy storage systems and

| Public PIM(C)2022 Renewable Integration Study
Workshop June 27, 2022. | Public PIM(C)2022
Introduction. | Public 3 PIM(C)2022 Agenda Public
27 PIM(C)2022 Focus Area No. 5 Energy Storage
(4-hours) Enhances Operational Flexibility, but
Seasonal Capacity and Energy Constraints Require
Transmission ??7?
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SOLAR

| Public 11 PIM(C)2022 Focus Area No. 5 Energy
Storage (4-hours) Enhances Operational Flexibility,
but Seasonal Capacity and Energy Constraints
Require Transmission Expansion, Long-Term
Storage, and other Emerging Technology. KEY
INDICATORS ??7?Storage provides up to 80%
synch-reserves and 30% of ramping requirements

Welcome to the Energy Storage Resource Charging
Energy section of the PJM Manual for Manual for
Open Access Transmission Tariff Accounting. In this
section, you will find the following information: ??? A
description of the accounting procedures for Energy
Storage Resource Charging Energy. 8.1 Overview
of Energy Storage Resource Charging Energy

The framework for categorizing BESS integrations
in this section is illustrated in Fig. 6 and the
applications of energy storage integration are
summarized in Table 2, including standalone battery
energy storage system (SBESS), integrated energy
storage system (IESS), aggregated battery energy
storage system (ABESS), and virtual energy storage
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energy storage units can provide quick and accurate
responses in a short timescale, but cannot sustain
this output for a long time. Consequently, PJM, the
energy storage industry, and the Federal Energy
Regulatory Commission (FERC) need to resolve a
significant market design challenge: How should the

1 PIM(C)2012 PJM Renewable Integration
Challenges Solar Power International
Post-Conference Workshop September 14, 2012
Ken Schuyler Renewable Services PIM
Interconnection . ??7? Implemented tariff changes to
allow Energy Storage Resources to participate in
PJM ancillary services markets ??? Frequency
Regulation - new methodology to

PCS EMS

Integration of Electric Storage Resources Energy
Storage Capacity Value Estimation, EPRI, Palo Alto,
CA: PJM ESRs CAISO, NYISO, PJM PSH units
SPP, ISO-NE, MISO, PJM ESRs ISO Scheduling
Responsibility / Theoretical Economic Efficiency and
Reliability Benefits / ??7?
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PJIM(C)2019 PJM Energy Storage Participation
Model: Energy Market Laura Walter Senior Lead
Economist MIC: Special Session ESR cost offers
March 15, 2019 . 22 PIM(C)2019 841
Requirements 1. Can sell* energy, Capacity, and
A/S (incl. Black Start etc.)

e

Advancing breakthrough energy storage
technologies PIM Emerging Technologies Forum
Jon Glass Commercialization Advisor Advanced
Research Projects Agency - Energy U.S.
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Department of Energy storage Universal integration
system to give second life to EV batteries for grid
storage $1.9MM 5/31/22 OPEN 18 Thermal Battery
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z
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Growth of Solar on PJM's Horizon. Consumers in
the region served by PJM are taking an increasingly
active role in their electricity purchase decisions.
This trend is reflected in the rise of DER ???
generation or energy storage resources connected
at the local distribution level, often behind a
customer's electricity meter.
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Similarly, energy storage increases the capacity
value of solar under all studied scenarios. Energy
storage and retail rate design do not have a simple
additive effect. In general, energy storage thrives on
arbitrage opportunities, while retail design tends to
shave high load-loss risk hours, flattening the load
curve. 3.

This subsegment will mostly use energy storage
systems to help with peak shaving, integration with
on-site renewables, self-consumption optimization,
backup applications, and the provision of grid
services. We believe BESS has the potential to
reduce energy costs in these areas by up to 80
percent.

of energy storage by 2021 and 2,000 MW of energy
storage by 2030NORTHCAROLINAThe
North Carolina Clean Energy Plan includes:
Reducing electric power sector greenhouse gas
emissions by 70% below 2005 levels by 2030 and
attain carbon neutrality by 2050 Fostering long-term
energy affordability and price
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, roughly 1 GW of merchant storage projects have
been developed in the United States, consisting
mostly of battery energy storage. Figure 1.

g8
| =
S T demonstrates some of this activity in core merchant

1075KWHH ESS ' storage ma rkets. PJM was a key focus market for

7
/

L

early projects due to ???

Energy storage can provide grid operators like PIJM
a way to keep power supplies stable when
renewable energy sources like wind and solar
fluctuate based on weather pattern. Energy storage
comes in various forms: lithium-ion batteries, ???

PJM has reviewed other renewable integration
studies in order to inform its approach and
methodology. Many of these studies include robust
combinations of analyses that took place over
multiple years. 2. The 2014 " PJM Renewable
Integration Study" conducted by GE Consulting,
found that the PJM system, with
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energy.gov/i2x i2X Technical Assistance

EF§ Opportunity ??? Purpose: To work on practical
. technical interconnection challenges that
~—~— U.S.-based organizations are facing in the

distribution grids or bulk power grid ??? Scope:
Solar, wind, energy storage or hybrid integration of
??7?

PJM Renewable Integration Study Table of
Contents GE Energy Consulting v Tasks 3B & 4
2.4.1 Short-Term Recommitment during Real-Time
Operations 40 2.4.2 Improvements in Day-Ahead
Forecast Accuracy 41 2.5 Energy Storage as
Reserve (500 MW and 1000 MW ES) (30% LOBO
Scenario) 41 2.6 Accounting for Power Plant
Cycling Costs (30% LOBO) 43

Energy storage (defined as four hours) enhances
operational flexibility, but seasonal capacity and
energy constraints require transmission expansion,
long-term storage and other emerging technology.
In conducting the study (PDF), PJM synthesized the
diverse polices of the area it serves in 13 states and
i i E ' Washington, D.C., into three scenarios in
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Energy Transition in PIM: Frameworks for Analysis"
paper reflects PIJM's five-year strategy, which is
built on expansion as well as storage and
grid-enhancing technologies. integration, so should
reliability standards across interdependent
infrastructure such ???

Potential revenue and breakeven of energy storage
systems in PJM energy markets Maur?cio B. C.
Sallesl & Taina N. Gadottil & Michael J. Aziz2 &
William W. Hogan3 Received: 25 May
2018/Accepted: 4 October 2018 PJM because it
has been very engaged on ESS integration and has
inspired other markets even outside the United
States (Steel 2017).

Maryland Energy Storage Pilot Program PJM
Emerging Technology Forum January 11, 2020
January 11, 2020. Agenda 1. About Exelon 2. Value
Streams 3. Overview of MD Legislation and MD
Pilot Secondary Application
DER-Integration/Possible PJM Market Participation
Location Elk Neck Peninsula, Cecil County,
Maryland. Next Steps
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Regional markets facilitate a reliable and
cost-effective energy transition: The economies of
scale, geographical diversity and robust
transmission system of PJM Interconnection can
serve to facilitate the reliable and cost-effective
integration of renewable resources. Expected
increases in congestion, renewable curtailments
and interchange

Phase 2 of PJM's ongoing study to explore potential
system impacts of the evolving resource mix
recommends five key focus areas to inform
subsequent study: electrification shifts, retail rate
design, market reforms, integration of renewable
resources and energy storage. In conducting the
study, PJM synthesized the diverse polices of the
area

PJM INTERConnection (PJM) was the first U.S.
independent system operator/regional transmission
organization (ISO/RTO) to demonstrate how battery
energy storage resources provide frequency
regulation services in a competitive market. Since
its first pilot in 2009, PJM has integrated nearly 300
MW of advanced energy storage resources into ??7?
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