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1. EXECUTIVE SUMMARY 
Energy storage resources (ESRs) provide a host of services and value to the electric 

power grid through applications such as energy arbitrage, peak demand shaving, and the 

storage of wind and solar energy generated at variable times. ESRs are also able to 

promote local, state, and federal environmental and sustainability goals through services 

such as cleaner peaking power and greater renewable energy penetration. As ESR 

applications continue to develop and as costs decline with economic scaling and research 

and development, policy, rules, and regulations need to come into place to oversee the 

growing participation of ESRs in the grid. 

 

The Federal Energy Regulatory Commission (FERC) released Order 841 in early 2018, 

with the goal of ensuring equal and non-discriminatory access to the wholesale electric 

power markets by removing potential barriers to ESR participation. Order 841 applies to 

the six regional transmission operators/independent system operators (RTO/ISOs) that 

fall under FERC jurisdiction: Midcontinent Independent System Operator (MISO), 

Southwest Power Pool (SPP), New York Independent System Operator (NYISO), 

Independent System Operator-New England (ISO-NE), California Independent System 

Operator (CAISO), and Pennsylvania-New Jersey-Maryland Interconnection (PJM). Each 

of these power markets has submitted to FERC proposed ESR participation models and 

rule changes to better accommodate the participation of storage in the ancillary service, 

capacity, and energy sub-markets. Because Order 841 was recently released, there is an 

absence of in-depth research on the rule changes submitted by these ISO/RTOs. With 

each of the six RTO/ISOs planning to implement the bulk of their proposed participation 

models by August 2021, it is critical and timely to understand how these models will 

impact ESRs. Further explanation of the current storage industry and FERC Order 841 

can be found in Section 2.  

 

The purpose of this report is to provide greater clarity on what has changed in these tariffs 

as a result of Order 841, and to qualify the potential impact these changes may have on 

ESRs and their potential penetration in each RTO/ISO. Reviewing the tariff filings, we 

broke down each ISO/RTO into its respective sub-markets (ancillary services, capacity, 
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and energy) and analyzed multiple parameters in each sub-market. These parameters 

were assessed based on their level of compliance to Order 841 and their potential 

attractiveness to ESRs based on their impact on revenue streams, operations, and other 

factors. Synthesizing these parameter analyses, we generated market maturity models 

that demonstrate each ISO/RTO’s ESR rules status relative to each other, on a scale of 

“Basic” to “Intermediate” to “Advanced”. Finally, we applied the results of our analysis to 

several case studies to predict the impact of Order 841 on existing real-world ESR 

projects. It is important to note that while Order 841 applies to both behind-the-meter 

(BTM) and front-of-the-meter (FTM) ESRs, our study focuses primarily on FTM ESRs. 

We break down our methodology and data sources in Section 3. 

 

We discovered that in the ancillary services market, SPP and ISO-NE were the most 

“Basic” while CAISO and PJM were the most “Advanced”. For the capacity market, SPP 

was the most “Basic” while PJM was the most “Advanced”. For the energy market, MISO 

and ISO-NE were the most “Basic” while CAISO was the most “Advanced”. Generally, 

ESR projects can more easily access and participate in the wholesale sub-markets of 

CAISO and PJM, while SPP and ISO-NE still present some barriers to participation. 

However, these barriers are not wholly prohibitive; rather, the less developed wholesale 

markets of SPP and ISO-NE present greater potential for storage growth as demand for 

ESR services rise within a standardized framework of newly established ESR 

participation models.  

 

Using our results, our case studies indicate that the involvement of ESRs in dual 

participation and the wholesale sub-markets could increase project revenues and the 

number of services ESRs can provide. However, in the absence of established dual 

participation rules in most of the ISO/RTOs, it is currently difficult for ESRs to participate 

in this fashion. Additionally, some financial benefits such as distribution and transmission 

upgrade deferrals cannot be internalized by ESR owners/operators. Therefore, Order 841 

noticeably excludes stipulations on dual participation and monetization of third-party 

benefits. Nevertheless, from a high-level perspective, Order 841 grants easier access to 

and participation in the wholesale sub-markets (ancillary services, capacity, and energy) 
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for ESRs, unlocks opportunities for more expansive and profitable value stacking, and 

lowers risk for new market entrants by providing clearer market rules. Section 4 provides 

a detailed analysis of each parameter in each sub-market and Section 5 discusses the 

maturity of each ISO/RTO’s sub-market. Section 6 dives into the 4 case studies. 

 

For relevant stakeholders, such as utilities and storage developers, our study results 

provide a valuable first step to assessing the relative suitability of ISO/RTOs and their 

submarkets for ESR development, expansion, and/or participation. Interested players in 

the storage industry and/or future researchers should pair our market maturity models 

and case studies with more distinct quantitative modeling and rigorous examination of 

local and state ESR policies and incentives. Since FERC Order 841 is a federal 

regulation, our study is intended as a steppingstone to more detailed analysis of storage 

potential centered around specific storage technologies, unique financial environments, 

and distinct local incentives. Section 7 examines our study’s limitations, while Section 8 

addresses how these limitations can be overcome in future studies. 
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2. INTRODUCTION 
Over the past 15 years, the role of ESRs1 in power markets in the United States has 

increased dramatically. The many technological and operational benefits and applications 

of ESRs put the relatively nascent resource in a prominent position in the modern electric 

grid. To wit, ESRs have the potential to significantly alter the way the current energy 

system generates and consumes energy. Backed by the declining costs of storage 

technologies, the growing importance of grid resilience and reliability, increasing 

penetration of intermittent generation from renewable energy sources, and, the focus of 

this paper, changing policies and regulations, ESRs demonstrate strong prospects as a 

potential revolutionary market force in the modern grid system and electricity markets. 

However, due to the highly dynamic nature of power markets and the rules regulating 

these markets, studies must be done in order to maximize the future benefits ESRs offer. 

The purpose of this paper is to elucidate the market impacts of one such regulation: The 

FERC’s Order 841, which directly impacts the 6 ISO/RTOs that fall under FERC 

jurisdiction.  

 

2.1 Benefits and Potential of Energy Storage Resources 

Energy storage resources provide benefits in several respects: as a generation resource 

and a grid resource when operated FTM, and as a customer resource when operated 

BTM2. The value of ESRs is maximized when multiple benefits are able to be extracted 

from a single ESR, a concept known as value stacking. While Order 841 addresses both 

BTM and FTM ESRs, our study focuses primarily on the Order’s impact on FTM ESRs 

because we believe this type of ESR will have greater benefits to the energy system and 

expand more quickly than BTM ESRs. 

 

As a generation resource, ESRs can absorb energy generated elsewhere when charging 

and release (i.e., discharge) that same energy back into the grid at a later, more beneficial 

 
1 According to FERC Order 841, ESRs are defined as “A resource capable of receiving electric energy from the grid 
and storing it for later injection of electric energy back to the grid”. 
2 Beyond Renewable Integration - The Energy Storage Value Proposition. (2016). American Council on Renewable 
Energy (ACORE), Scott Madden. https://www.ourenergypolicy.org/wp-content/uploads/2016/11/Beyond-
Renewable-Integration-The-Energy-Storage-Value-Proposition-Final.pdf 
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time. For instance, an ESR can prevent renewable generation curtailment by absorbing 

excess energy during generating hours and putting that same energy back onto the grid 

during non-generating hours, maximizing renewable generation availability. This example 

represents a case of energy time-shifting, or generation arbitrage: charging when 

generation costs are low (e.g., when the sun is shining and solar photovoltaic systems 

are generating, or when the wind is blowing) and discharging when generation costs are 

high (e.g., after the sun sets and more expensive load-following generation plants are 

needed to meet evening load, or when the wind does not blow strongly enough).  

 

Another generation service that ESRs provide is capacity. All of the restructured power 

markets of the United States have requirements for peak generating capacity that must 

be met in the case of emergencies or other contingencies. An ESR is able to store energy 

when demand is low and act as either a peaking or load-following energy resource when 

demand rises. Therefore, ESRs have the potential to reduce, defer, and/or eliminate the 

construction of future generation capacity to meet peak capacity requirements. ESRs may 

also mitigate the need for some future transmission and distribution (T&D) infrastructure 

since T&D are traditionally built out to meet projected demand, which ESRs can meet 

locally. The avoidance of the construction of generation capacity and T&D infrastructure 

will ultimately reduce the cost of electricity generation and delivery, potentially lowering 

the rates the end consumer pays for their electricity usage3. 

 

Deferring or eliminating the need for T&D upgrades is a grid service ESRs provide. A 

smaller benefit directly related to T&D deferral is greater clarity and knowledge of future 

load growth4. Since ESRs provide grid operators and planners more time to upgrade T&D 

and to acquire data on projected demand, project risk reduces, and future grid 

enhancements are more effective and prudent. 

 

 
3 Jim Eyer. (2009). Electric Utility Transmission and Distribution Upgrade Deferral Benefits from Modular Electricity 
Storage (SAND2009-4070). Sandia. https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2009/094070.pdf 
4 Beyond Renewable Integration - The Energy Storage Value Proposition. (2016). American Council on Renewable 
Energy (ACORE), Scott Madden. https://www.ourenergypolicy.org/wp-content/uploads/2016/11/Beyond-
Renewable-Integration-The-Energy-Storage-Value-Proposition-Final.pdf 
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ESRs also have the potential to relieve transmission congestion if they are strategically 

placed downstream of high load points. During times of low demand and low congestion, 

the ESR can be charged, while during times of high demand and high congestion, the 

ESR can be discharged to serve load. The grid operator can minimize congestion charges 

and transmission access fees for generators in traditionally congested areas, and lower 

future transmission capacity requirements. 

Finally, the final grid service ESRs provide is ancillary services, which include frequency 

regulation, black-start service, and voltage control, among others. Ancillary services will 

be further explored later in the paper, under “Market Rules After 841”. 

 

ESRs can also be deployed behind-the-meter and provide services directly to electricity 

ratepayers. For electricity end-users, storage can provide backup power during a natural 

disaster or outage scenarios. Particularly sensitive end-users such as hospitals and 

electronics manufacturers, benefit from a reduced risk of power loss. Another BTM benefit 

is similar to grid-scale energy time-shifting/generation arbitrage but performed on a retail 

level when utility rates are low and/or when coupled with residential rooftop solar PV 

systems. Hawaii, for instance, has seen tremendous penetration of rooftop solar paired 

with on-site BTM storage to take advantage of generation arbitrage5 (importantly, Hawaii 

has the highest electricity rates in the nation, enhancing the benefits of arbitrage and 

storing on-site renewable generation6).  

 

BTM storage is especially beneficial for commercial users seeking to reduce the demand 

charge portions of their electricity bills. Storage allows a commercial user to reduce their 

peak demand by storing electricity during times of low usage and using that stored energy 

during times of high usage. This is known as peak shaving, which reduces the average 

peak load of the user. Since demand charges are typically calculated by the peak kilowatt 

(kW) demand, a lower, less “peaky” peak demand can reduce demand charges 

significantly.  

 
5 Residential solar plus storage is taking over Hawaii’s grid. (2019, September 4). PV Magazine USA. https://pv-
magazine-usa.com/2019/09/04/hawaiian-homes-becoming-even-more-important-to-the-power-grid/ 
6 Jansky, D. (n.d.). Annual Electricity Price Comparison by State. DEE-Energy & Assistance Division. 
Retrieved December 23, 2019, from https://www.neo.ne.gov/programs/stats/inf/204.htm 
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ESRs provide a wide variety of benefits, ranging from economic to system-wide to non-

energy-related. Due to ESR’s potential as a generation, grid, and BTM resource, storage 

has the potential to increase efficiency, mitigate and delay system upgrade costs, 

enhance grid reliability and flexibility, and reduce greenhouse gas emissions and thereby 

accomplish state climate goals. This paper explores mainly the economic impacts FERC 

Order 841 has on storage by investigating how Order 841 enhances the participation of 

storage in restructured, wholesale power markets. 

 

 

Figure 1: Summary of Benefits and Use Cases Provided by Storage7 

  

 
7 Levelized Cost of Energy and Levelized Cost of Storage 2019. (2019, November 7). 
LAZARD. https://www.lazard.com/perspective/lcoe2019 
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2.2 Current State of the ESR Market 

Since the market rule changes filed by RTOs and ISOs in response to FERC Order 841 

have not been fully implemented at the time of writing, the current state of the ESR market 

can be considered “pre-841”.  

Lithium-ion storage technologies currently dominates the electricity market and has been 

the storage technology of choice for the past 5 years, with lithium-ion batteries 

representing over 90% of deployments by megawatts (MW) since the end of 20148. Other 

types of storage technology include flywheel, lead acid, flow, and sodium chemistry 

batteries; however, these technologies are currently not at scale relative to lithium-ion. 

The cost of storage, especially lithium-ion technologies, have also decreased 

considerably over the past 5 years and are projected to continue decreasing over the next 

several decades9. 

 

 

 

 

 

 

 

 

Figure 2: Lithium-Ion Batteries Dominate New Storage Deployments 

 
8 U.S. Energy Storage Monitor Q32019. (2019). Wood Mackenzie P&R/ESA. 
9 Wesley Cole, A. Will Frazier. (2019). Cost Projections for Utility-Scale Battery Storage (NREL/TP-6A20-73222). 
National Renewable Energy Laboratory (NREL). https://www.nrel.gov/docs/fy19osti/73222.pdf 
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Figure 3: Battery Systems Costs Have Decreased Dramatically and are Projected to 

Continue Decreasing 
 

Due primarily to the decreasing costs of ESRs, project economics for the previously 

mentioned use cases are becoming more favorable. However, favorable project 

economics depend significantly on subsidized revenues and other incentives in most 

geographies. Another critical point is that ancillary service products, demand response, 

and peak shaving most likely represent the most attractive sources of revenue for storage 

projects10. This paper will specifically address the value to ESRs for providing ancillary 

service products in post-Order 841 power markets, which will improve revenue streams 

and potentially mitigate the need for subsidization in certain geographies. 

 

The interconnection queue for FTM ESRs has been growing significantly since 201511, 

with the majority of the United States’ queue occupied by California projects; the queue 

currently sits at 67 gigawatts (GW). While California has historically been the national 

leader in ESR deployment, the past two years of new projects in the queue demonstrate 

growing interest in storage from markets based in other states. In 2019, the queue 

increased to record numbers, primarily due to several utility announcements future large-

scale ESR projects.  

 
10 Levelized Cost of Energy and Levelized Cost of Storage 2019. (2019, November 7). 
LAZARD. https://www.lazard.com/perspective/lcoe2019 
11 U.S. Energy Storage Monitor Q32019. (2019). Wood Mackenzie P&R/ESA. 
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Figure 4: Storage Interconnection Queue is Expanding Rapidly  

 

2.3 FERC Order 841: Timeline and Implications 

FERC issued Order 841 in February 2018. 841 is considered a landmark regulatory 

change since the order required all ISOs/RTOs to include explicit participation models for 

ESRs that would allow storage technologies to fully participate in the energy, ancillary 

service, and capacity markets if these technologies are technically capable of doing so12. 

It is crucial to note that the Electric Reliability Council of Texas (ERCOT) does not fall 

under FERC jurisdiction, and so this market is excluded from the directives of Order 841. 

Before the rollout of Order 841, not all ISOs included the necessary tariff language to 

address the existence and technical capabilities/limits of ESRs; pumped-storage hydro 

(PSH), a storage technology which has existed since the 1930s, was the only storage 

technology explicitly addressed in ISO/RTO tariffs. Furthermore, ISO/RTO software 

 
12 Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 
System Operators (RM16-23-000; AD16-20-000; Order No. 841). (2018). FERC. https://www.ferc.gov/whats-
new/comm-meet/2018/021518/E-1.pdf 
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limitations restricted the participation of ESRs, as these ESRs had unique operating and 

bidding characteristics that most market software systems did not account for13. 

 

In addition to requiring ISOs/RTOs to draw up participation models for ESRs, Order 841 

required market operators to also: 

 

• Allow ESRs to set the wholesale price as both a buyer and a seller when it is the 

marginal resource that is dispatched. Because storage is capable of both charging 

and discharging energy, ESRs can be considered both buyers and sellers of 

energy. 

• Account for the physical parameters of ESRs through tailor-made bidding rules 

and parameters. 

• Allow a minimum ESR size requirement that does not exceed 100 kW. 

• Ensure that the sale of energy products by ESRs that were previously purchased 

on the wholesale market to be sold at wholesale nodal prices. 

• Allow ESRs to self-manage their own SOC. 

• Permit ESRs to de-rate their capacity to meet minimum run-time requirements. 
 

While there have been a host of legal and jurisdictional challenges directed at Order 841, 

the regulation has mostly withstood scrutiny. Order 841 was solidified, and its 

requirements affirmed when FERC denied rehearing requests and offered some 

clarification of Order 841 in May 2019, when Order 841-A was issued14. Order 841-A most 

notably upheld Order 841’s stipulation that individual states do not have the authority to  

 
13 Singhal, N. G., & Ela, E. G. (2019, June 26). Incorporating Electric Storage Resources into Wholesale Electricity 
Markets While Considering State of Charge Management Options. 
https://www.ferc.gov/CalendarFiles/20190626080850-2%20-
%20FERC_Technical_Conference_2019_Nikita_Singhal. 
14 Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 
System Operators - Order on Rehearing and Clarification (RM16-23-001; AD16-20-001; Order No. 841-A). (2019). 
FERC. https://www.ferc.gov/whats-new/comm-meet/2019/051619/E-1.pdf 
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opt-out of ESR participation models in the wholesale markets. As of the time of writing, 

all 6 RTOs/ISOs15 have filed their proposed tariff revisions to FERC and all filings have 

been accepted in part and rejected in part, with most filings generally satisfying Order 

841’s requirements16. SPP, MISO, and NYISO have requested a delay in the Order 841 

sanctioned December 2019 start date due to additional time required to revamp software 

ESR participation models to reflect updated market rules. 

Figure 5: FERC Order 841 Timeline: PJM’s Perspective17 

 

FERC Order 841 and its companion Order 841-A are expected to invigorate the storage 

industry by providing additional revenue streams for the multiple services ESRs are 

capable of offering. As ISOs/RTOs implement and clarify their updated participation 

models, investor confidence is likely to be bolstered and more storage resources may be 

developed in response. Wholesale market rules that allow the full participation of storage 

in providing capacity, ancillary, and energy services and products could allow greater 

reaping of the benefits of storage, such as deferred transmission upgrades, reduced 

 
15 MISO (Midcontinent Independent System Operator), CAISO, (California Independent System Operator), SPP 
(Southwest Power Pool), PJM Interconnection (Pennsylvania, New Jersey, Maryland), NYISO (New York 
Independent System Operator), ISO-NE (Independent System Operator-New England) 
16 Energy Storage Trends & Key Issues. (2020). 
EEI. https://www.eei.org/issuesandpolicy/Energy%20Storage/Storage_Key_Trends_Solutions_February_2020.pdf 
17 PJM, Laura Walter. (2019, June 19). FERC Order 841: Electric Storage Participation in Markets Update [PDF 
document]. https://www.pjm.com/-/media/committees-groups/subcommittees/irs/20190619/20190619-item-08-
energy-storage-update.ashx 
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building of new generation capacity, and lower electricity prices through energy arbitrage, 

in addition to private financial benefits for ESRs. This paper explores how ESRs could 

participate in the wholesale markets within each ISOs’/RTOs’ updated storage 

participation model. 

 

2.4 Purpose and Scope of this Project 

FERC Order 841 represents a fundamental change in the way markets operate with 

regards to ESRs, which could have ripple effects within the greater energy system of the 

United States. However, there are currently relatively few studies formally investigating 

how exactly the specific tariff and rule changes will impact the participation and 

profitability of ESRs in the ancillary service, capacity, and energy markets of each 

ISO/RTO. The purpose of this study is to collect and analyze the modified rules put forth 

to FERC by each ISO/RTO to satisfy the requirements under FERC Order 841. Because 

each ISO/RTO approached Order 841 differently, significant market operations 

differences exists in each market. This paper details and explores the impacts of the 

similarities and differences in the new ESR participation models across the 6 ISOs/RTOs 

and ranks the suitability of each market to ESR operations through a maturity model 

framework. The ancillary services, capacity, and energy markets are examined 

individually. ERCOT is excluded from this study altogether since Order 841 does not 

legally apply to this market. 

 

Furthermore, this paper brings in a practical perspective to the implications of Order 841 

through an analysis of 4 case studies. In doing so, the case studies examine the pre-

Order 841 and post-Order 841 effects on several existing ESR projects in FERC-

jurisdictional territories.  

 

This project will serve to inform readers which ISOs/RTOs are most accommodating to 

ESRs based on each market’s new participation models and tariff revisions. This rules 

analysis will be enhanced with multiple qualitative case studies that will allow the changes 

made in response to Order 841 to be analyzed with a more realistic perspective. 
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3. DATA AND METHODOLOGY 

3.1 Data Collection and Description 

To collect compliance fillings and other associated 

documents, we used FERC online eLibrary18 and used the 

advanced search feature. While going through the order, we 

found that Order 841 has its roots in the notice of proposed 

rulemaking (NOPR) that FERC released on November 17, 

2016. Figure 619 illustrates the rulemaking process 

undertaken by FERC:    

 

The NOPR20 referred here combined two docket numbers– 

RM16-23-000 (“Electric Storage Participation in Markets 

Operated by Regional Transmission Organizations and 

Independent System Operators”) and AD16-20-000 

(“Electric Storage Participation in Regions with Organized 

Wholesale Electric Markets”). These dockets form the basic 

structure of Order 841 and helped us unpack the 8 major 

discussion topics. For each of these topics, Order 841 

describes the NOPR proposal and then adds two sections 

for industry comments as well as the Commission’s 

determination on those comments. The 8 major topics are listed below; complete 

descriptions for each topic can be found in the Appendix: 

 

A. Definition of Electric Storage Resource 

B. Creation of a Participation Model for Electric Storage Resources  

C. Eligibility of Electric Storage Resources to Participate in the RTO/ISO Markets 

 
18 FERC Advanced Search. (n.d.). FERC General Search. https://elibrary.ferc.gov/idmws/search/fercadvsearch.asp 
19 FERC: RULEMAKING PROCESS - Notice of Proposed Rulemaking. (2017, August 21). Federal Energy Regulatory 
Commission. https://www.ferc.gov/resources/processes/flow/rule-nopr.asp 
20 Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 
System Operators - Notice of Proposed Rulemaking (RM16-23-000; AD16-20-000). (2016). 
FERC. https://www.ferc.gov/whats-new/comm-meet/2016/111716/E-1.pdf 

Figure 6: FERC Rule-

Making Process & 

Timeline 
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D. Participation in the RTO/ISO Markets as Supply and Demand 

E. Physical and Operational Characteristics of Electric Storage Resources 

F. State of Charge Management 

G. Minimum Size Requirement 

H. Energy Used to Charge Electric Storage Resources  

 

After a number of market participants, utility lobbies, project developers, battery 

manufacturers and integrators filed petitions for rehearing and clarification of Order 841, 

FERC released Order 841-a on May 16, 201921. We obtained this Order from the FERC 

online eLibrary. The American Public Power Association (APPA) and the National Rural 

Electric Cooperative Association (NRECA) have argued that FERC exceeded its 

jurisdiction by setting rules that affect behind the meter storage assets which lie in the 

purview of states, and by not allowing states to opt out of the regulation, agency acted 

arbitrability and capriciously22. Order 841-a lays out the final rules for each of the 8 

discussion topics mentioned above and presents industry comments, which were 

valuable in understanding key issues faced by stakeholders. 

 

Next, we collected the individual compliance filings made by each ISO/RTO in response 

to the Order 841. These filings were collected from their individual websites. All the initial 

compliance filings were submitted to FERC on December 3, 2018 and included 

information on how the ISO/RTO either already complied with the Order 841’s 

requirements or how it was planning to set up the necessary market rules for compliance. 

In April 2019, FERC released deficiency letters to the market operators, asking for more 

detailed references to current tariff provisions if the ISO/RTO was already in compliance 

and raised issues on topics that did not adhere to Order 841’s stipulations23. The 

 
21 Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 
System Operators - Order on Rehearing and Clarification (RM16-23-001; AD16-20-001; Order No. 841-A). (2019). 
FERC. https://www.ferc.gov/whats-new/comm-meet/2019/051619/E-1.pdf 
22 Pamela King. (2020, March 13). ELECTRICITY: Storage order fuels legal battle over FERC authority. E&E News -- 
The essential news for energy & environment professionals. https://www.eenews.net/stories/1061039111 
23 FERC asks grid operators for more detail on storage participation. (2019, April 3). Utility 
Dive. https://www.utilitydive.com/news/ferc-asks-grid-operators-for-more-detail-on-storage-
participation/551924/ 
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ISO/RTOs submitted more comprehensive and concrete answers in May 2019, 

addressing the deficiency letters. See the data collection summary below for sources. 

 

ISO/RTO 

 
Initial Filing to 

FERC 

 

FERC 
Deficiency 
Letter to 
ISO/RTO 

ISO/RTO 
Response to 

FERC 

CAISO December 2018 April 2019 May 2019 

PJM December 2018 April 2019 May 2019 

ISO-NE December 2018 April 2019 May 2019 

MISO December 2018 April 2019 May 2019 

SPP December 2018 April 2019 May 2019 

NYISO December 2018 April 2019 May 2019 

 

Figure 7: Summary of Reports Analyzed 

 

3.2 Method for Analysis 

Taken together, the filings from all the market operators add up to more than 25,000 

pages. These filings cover topics ranging from physical and operational characteristics of 

ESRs, to the tariff revisions required to integrate them into operations at scale24. To break 

down this complexity of topic, we decided to study each of the sub-markets that Order 

841 explicitly addressed– ancillary, capacity and energy individually. Since the physics 

and economics of these three markets are different enough (for further detail, see section 

Market Rules After 841), this approach helped narrow our focus by allowing us to assess 

 
24 The Energy Storage Industry View of Grid Operator Plans for FERC Order 841. (2018, December 14). Greentech 
Media | Clean Tech & Renewable Energy News | Greentech 
Media. https://www.greentechmedia.com/squared/dispatches-from-the-grid-edge/the-energy-storage-industrys-
view-of-grid-operators-plans-for-ferc-order-84 
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individual parameters of each sub-market before zooming out and generating a 

comprehensive overall picture. An overview of sub-markets is shown in Figure 8 below: 

 
Figure 8: Overview of Sub-Markets25 

 

For each of the markets - ancillary, capacity and energy, we identified products with 

parameters (in the case of ancillary markets, the only market where specific products 

exist) that are either potentially essential to a resource’s participation or potentially exhibit 

meaningful differentiation between ISO/RTOs. From a list of these parameters, we 

selected the ones which are most relevant to ESRs and can act as barriers to entry or 

potential revenue streams. These parameters are discussed in depth in the ‘Markets after 

841’ section, and address compensation for services, minimum or maximum values for 

physical or operational characteristic, and registration timelines. 

 

After analyzing ESR’s participation rules in different markets and ISO/RTO regions, we 

stacked each market operator in a hierarchical “maturity model” that speaks to which 

market is going “above and beyond” to incorporate ESRs and which markets are fulfilling 

only the minimum compliance requirements. This rationale behind distinguishing 

 
25 ISO New England. (n.d.). Administering the Markets. https://www.iso-ne.com/about/what-we-do/three-
roles/administering-markets 
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compliance levels is supported by specific parameters in each market and is discussed 

in detail in the ‘Markets after 841’ section. 

 

Throughout the research process we encountered challenges with assessing impacts of 

FERC Order 841 on markets since compliance remains an ongoing issue. Some 

ISO/RTOs have asked for extensions to their implementation plans due to software 

upgrade needs. This hampers our ability to observe changes caused by this landmark 

storage Order as of writing this document. Taking this uncertainty into account, we 

included a case study section in our study which looks at prominent utility scale Storage 

projects that participated in ISO/RTO pre Order 841. We filtered through the US 

Department of Energy (DOE) energy storage database26 which lists all announced and 

operational projects segmented by battery technology, operational status and services 

offered, rated power, duration, and location. Since the focus of our study is on ESRs, we 

selected electro-chemical storage systems in the technology type category. We further 

narrowed down projects by operational date to provide a representative sample for how 

storage has historically participated in the markets. For each of these project examples 

we were interested in finding out which products and services within sub-markets – 

ancillary, energy and capacity – were made available to ESRs. After evaluating the 

revenue streams, contract designs, and developer and utility stakeholders of these 

projects, we made assessments on what may change in a post-Order 841 market in terms 

of dispatch priorities and value creation.  

 

  

 
26 Global Energy Storage Database | Energy Storage Systems. (n.d.). Sandia National Laboratories: Exceptional 
Service in the National Interest. https://www.sandia.gov/ess-ssl/global-energy-storage-database-home/ 
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4. MARKET RULES AFTER 841 

4.1 Ancillary Services 

Ancillary services are critical to the reliability of the electric grid. They balance the 

transmission system by ensuring that supply and demand are matched in real-time and 

frequency is maintained at the prerequisite level of 60 Hz27. Services under this market 

are categorized into two categories: regulation and reserves. Regulation is used to ensure 

that supply matches with demand and little imbalance exists. A regulation service 

primarily ensures that even if there are such imbalances, they are quickly adjusted. The 

objective of reserves is to fill in gaps in generation. A gap in generation will disrupt the 

balance between demand and supply if demand rises quickly or if generation 

unexpectedly shuts down.  

 

The two main parameters that aid in measuring the balance between the supply and 

demand sides are voltage and frequency. The voltage and frequency are maintained to 

a desired level based on standby units that are called upon by grid operators. In order to 

do call upon these units, a market was created to foster uptake by market players in 

providing these ancillary services.  

Demand for ancillary services has been growing since there is an increasing number of 

independent power producers and renewable energy developers. These developments 

have put a greater emphasis on the requirement for grid synchronization and reliability by 

maintaining system frequency and voltage stability.  Below, we discuss different ancillary 

services and the differences in ancillary service participation models across the wholesale 

markets. 

 

The ancillary services market is poised to grow at 8% annually through 202028. Because 

demand for electricity increases in the winter seasons due to heating requirements, 

 
27 PJM. (n.d.). Ancillary Services Market. PJM Learning Center - Home. https://learn.pjm.com/three-
priorities/buying-and-selling-energy/ancillary-services-market.aspx 
28 TechSci Research. (2015, May). US Power Ancillary Service Market Size By Type 2020- TechSci Research. Market 
Research Reports, Marketing Research Company USA, Market Size | TechSci 
Research. https://www.techsciresearch.com/report/united-states-power-ancillary-service-market-forecast-
opportunities-2020/561.html 



 27 

demand for ancillary services also increases. For instance, spinning up and spinning 

down ancillary services are expected to reduce and increase share, respectively, in the 

next several years. Regulation down services are anticipated to experience a reduced 

demand over the coming years29. 

 

Conventional generators have traditionally dominated the ancillary services market in the 

different ISOs. Renewable generators such as wind and solar plants were considered to 

have key variability and uncertainty related issues that affected their potential in the 

ancillary services market. This is because wind and solar generator outputs vary on 

different time scales based on the intensity of their energy sources (wind and sun, 

respectively) and their generation cannot be predicted with perfect accuracy. For 

frequency response, conventional generators have been considered more advantageous 

as they provide automated response through governors. However, frequency response 

within different ISOs has been declining because Governors reduce plant efficiency, 

leading to penalties for schedule deviations30.  

 

ESRs are capable of providing a suite of ancillary services within ISOs/RTOs and 

vertically integrated utilities. ESRs, especially batteries, are particularly well-suited for 

short-term reliability services, such as primary frequency response and regulation, since 

batteries can charge and discharge in a fraction of a second31.   

 

4.1.1 Black-Start Service 

Black-start service (BSS) is an ancillary service that can be provided by ESRs to help the 

grid recover from a partial or complete shutdown32. A generator that can provide BSS to 

the grid is typically an isolated power station that can be started individually (i.e. without 

 
29 ReportBuyer. (2015, August 26). United States Power Ancillary Service Market Forecast & Opportunities, 2020. 
PR Newswire: press release distribution, targeting, monitoring and 
marketing. https://www.prnewswire.com/news-releases/united-states-power-ancillary-service-market-forecast--
opportunities-2020-300133823.html 
30 NREL. (2013, April 10). Impact on U.S. Ancillary Services Markets from Variable Renewable 
Energy. https://www.nrel.gov/docs/fy13osti/58553.pdf 
31 NREL. (n.d.). Grid-scale battery storage FAQs. https://www.nrel.gov/docs/fy19osti/74426.pdf 
32 Black Start - Frequently asked questions. (2016, April). Electricity System Operator | National Grid 
ESO. https://www.nationalgrideso.com/document/90086/download 



 28 

an external electricity supply from the greater grid). After being started, this BSS power 

station will be gradually reconnected to other power stations that are shut down. Unlike 

some other ancillary services, BSS is usually not acquired through a market 

mechanism33. However, all provided BSS by a generator is compensated for by the grid 

operator, presenting a potential revenue stream to ESRs. 

 

Order 841 dictates that ESRs be eligible to provide all the ancillary services they are 

technically able to. All ISOs/RTOs satisfy the requirement to allow eligible ESRs to 

provide BSS. Based on analysis of the submitted tariff filings, MISO, ISO-NE, and CAISO 

compensate BSS services on an “at-cost” basis, paying for the ESR’s fixed and variable 

BSS costs and training and compliance costs; additionally, should CAISO suspend the 

energy and/or ancillary services market, CAISO will cover all costs for the ESR over the 

period that CAISO directs it to operate. 

 

NYISO mimics the cost-recovery formula of MISO and ISO-NE, but also allows the ESR 

to appeal NYISO’s calculations if the ESR believes they are too low. PJM boasts 2 

compensation formulae: one that includes a 10% incentive factor for all of the previously 

mentioned costs, and one that does not include this factor if the ESR is attempting to 

recover new or additional fixed costs. Despite reaching out to SPP and reviewing its tariff, 

BSS compensation formulae could not be found for this ISO. Greater BSS tariff clarity 

and opportunity for higher compensation is considered Advanced. 

 

Basic Intermediate Advanced 

   

 

Figure 9: Compensation Determination and Clarity 

 
33 What are Black Start Services? (n.d.). PJM Learning Center - Home. https://learn.pjm.com/three-
priorities/buying-and-selling-energy/markets-faqs/what-are-black-start-services.aspx 

SPP PJM MISO, ISO-NE CAISO, NYISO 
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To send energy from an isolated generator to the nearby power stations, transmission is 

needed. FERC has stated that ESRs dispatched to provide a service to the ISO/RTO 

would not be subject to a transmission charge34. MISO and PJM explicitly state that 

generators providing BSS do not pay for the associated transmission costs, while the 

other ISOs/RTOs do not address this matter in their filings.  

 

Figure 10: Transmission Payments and Clarity 

Since BSS is critical to grid reliability, especially in times of grid distress, market operators 

enforce BSS commitments with financial penalties. CAISO utilizes penalties for 

enforcement, while NYISO forces the generators to forfeit all BSS payments for the non-

provisioning time period since the last successful BSS event. PJM offers a 10-day grace 

period of no financial penalty for non-provision, and then enforces monthly payment 

forfeitures. This 10-day grace period gives ESRs time to come back online for BSS 

without risk of penalties; therefore, markets with grace periods are considered more 

Advanced. Information on enforcement for ISO-NE, MISO, and SPP could not be found 

in these market operators’ tariff filings or websites. 

 

Basic Intermediate Advanced 

   

 

Figure 11: Non-Provision Enforcement and Clarity 

 
34 Jorrie, K. E. (2019, April 11). FERC Staff Seeks Clarification of Proposed RTO/ISO Tariff Revisions to Facilitate 
Participation of Energy Storage Resources in Regional Markets. https://www.dwt.com/blogs/energy--
environmental-law-blog/2019/04/ferc-staff-seeks-clarification-of-proposed-rto 

Basic Intermediate Advanced 

   

ISO-NE, MISO, SPP PJM CAISO, NYISO 

NYISO, ISO-NE, SPP, 
CAISO 

MISO, PJM 
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The final parameter of analysis is the minimum period for which generators are required 

to provide BSS. CAISO requires generators who commit to BSS to be available for service 

for 1 year, ISO-NE and PJM for 2 years, and MISO and NYISO for 3 years. Time 

commitment requirements could not be found for SPP. It should be noted that almost no 

information on BSS could be found in SPP’s Order 841 tariff filings or website; direct 

communication with SPP yielded no results either. A shorter BSS commitment period 

would allow ESRs greater flexibility in their operations since they could potentially exit a 

BSS agreement with the market operator sooner should unforeseen complications in 

operations arise. Exiting sooner during a potentially challenging time for the ESR would 

also reduce the risk of drawn-out enforcement penalties; a longer commitment period 

could lead to greater penalties for non-performance. Therefore, shorter commitment 

periods are more Advanced while longer ones are more Basic. 

 

Basic Intermediate Advanced 

   

 

Figure 12: BSS Commitment Period and Clarity 

 

4.1.2 Operating Reserves 

According to the North American Electric Reliability Corporation (NERC)35, operating 

reserves (OR) is the “capability above firm demand required to provide for regulation, load 

forecasting error, equipment forced and scheduled outages, and local area protection. It 

consists of spinning and non-spinning reserve” ISO/RTOs require ORs to maintain power 

output for a minimum duration. This requirement filters out generating sources that cannot 

inject energy reliably for an amount of time the ISOs determine is essential for grid 

stability. ISO-NE, MISO and SPP requires resources to continuously run for at least 1 

hour from the point at which capacity is reached. CAISO requires that duration to be 30 

 
35 WECC Standard BAL-STD-002-0 - Operating Reserves. (n.d.). The North American Electric Reliability 
Corporation. https://www.nerc.com/files/BAL-STD-002-0.pdf 

SPP CAISO ISO-NE, PJM MISO, NYISO 
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minutes. PJM and NYISO manuals did not state any such requirement in their compliance 

filings or tariffs. 

 

ESRs are energy constrained resources and benefit from lenient requirements on 

operational obligations. A shorter time requirement contributes to flexibility and more 

opportunities for market dispatch. Since PJM and NYISO do not specify minimum 

duration for ORs, they are considered to be the most advanced. CAISO, with the 30-

minute requirement is the third best ISO and other ISOs with 1-hour requirements fall in 

one bucket at the last.  
 

Basic Intermediate Advanced 

   

 

Figure 13: Minimum Duration to Maintain Nominated Output for NSR and SR 

While all ISOs/RTOs have unique rules for procuring non-spinning reserves (NSR) based 

on their market design and terminologies, SPP, CAISO and MISO only offer 10-minute 

NSR market products. The 10-minute interval responds to the duration in which a 

generator has to respond and reach the stated capacity after receiving a dispatch signal 

from the market operator. ISO-NE, PJM and NYISO offer an NSR product with a 

maximum delivery time of 30 minutes in addition to a 10-minute product.  

 

ISO-NE, PJM and NYISO are more advanced when compared to the other market 

operators since they allow a greater response time for slow reacting generating sources 

and give ESRs the option to compete in two different NSR products. 

 

 

 

 

SPP, MISO, ISO-NE PJM, NYISO CAISO 
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Basic Intermediate Advanced 

   

 

Figure 14: Maximum Delay to Deliver Nominated Output For NSR 

PJM is the only market that has a two-tier structure for spinning reserves (SR). Tier 1 

reserves are resources that are online and follow an economic dispatch signal, but do not 

receive additional capacity payments and are not reserved through the market. Tier 2 

reserves are consumed only if Tier 1 reserves are insufficient. Tier 2 SRs are 

comparatively less-economic generating resources that include CTs, demand response, 

etc.36.  Given PJM’s tiered structure for clearing SRs and that no other market 

distinguishes technology types in this service, we consider PJM as the most advanced 

market and all other markets on an equal footing. 

 

Basic Intermediate Advanced 

   

 

Figure 15: Tier Structure  

 

4.1.3 Frequency Regulation 

Frequency regulation refers to the process of maintaining frequency of the grid within 

tolerance bounds. This process is crucial to the stability of the power grid. Frequency 

regulation is also the most extensive application of energy storage systems. Figure 16 

shows that frequency regulation consumes the largest share of both power and energy 

of utility-scale battery storage installations. Additionally, in all domestic power markets, 

 
36 PJM Interconnection. (n.d.). Operating reserves. https://pjm.com/-/media/committees-groups/task-
forces/emustf/20140313/20140313-item-07-uplift-allocation-education.ashx 

SPP, CAISO, MISO All other ISOs 

All other ISOs 
 

PJM 
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frequency regulation accounts for either the highest revenue or second highest revenue 

application (Figure 17).  

 

 
 

Figure 16: Applications Served by Utility-Scale ESRs37 

 

 
 

Figure 17: Wholesale Market Revenue Streams38 

 
37 The design and application of utility-scale battery storage varies by region - Today in Energy. (2018, February 28). 
U.S. Energy Information Administration (EIA). https://www.eia.gov/todayinenergy/detail.php?id=35132 
38 Eric Gimon. (2019, January 24). How Market Rules Are Holding Back Energy Storage. Greentech Media | Clean 
Tech & Renewable Energy News | Greentech Media. https://www.greentechmedia.com/articles/read/energy-
storage-wholesale-market-rules 
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This study analyzed five key parameters that impact participation of storage systems in 

the frequency regulation market. We use compliance models submitted by ISO/RTOs in 

response to FERC Order 841 to compare different markets. 

 

4.1.4 Minimum Size Requirements   

FERC Order 841 imposes a minimize size requirement of 100 kilowatts for a resource to 

participate in any wholesale market. A smaller size requirement increases the options of 

resources available for implementation by ISO/RTOs. Additionally, smaller-sized 

resources are more likely to be interconnected to the grid and situated BTM.  To enable 

participation, ISO/RTOs and distribution utilities must install advanced meters and 

approve accounting mechanisms to measure the consumption (charge) and output 

(discharge) of these smaller resources.   

 

Most ISOs have already tested and implemented the requirement. CAISO scaled down 

the minimum requirement to 100 kW from 500 kW. However, none of the ISOs provided 

clarification on whether minimum size applies to a single distributed resource or 

aggregated resources of smaller units. Since all ISO/RTOs provide the same response 

against these requirements, we give the same rating to all.   

Basic Intermediate Advanced 

   

 
Figure 18: Minimum Size Requirement  

 

4.1.5 Mileage Pricing  

In 2001, FERC Order 755 established a pay for performance market. In response to that. 

Order, ISOs implemented compatible pricing models, which included varying methods of 

mileage pricing. A mileage pricing is the price award of a sum of absolute values of the 

regulation signal movement. Higher pricing favors lower duration storage resources. All 

ISOs have the general formula to calculate mileage pricing, however, use different terms 

All ISOs 
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for the concept. CAISO and MISO call it a mileage pricing, whereas NYISO calls it a 

movement price. PJM and ISO-NE term it as performance and service price , 

respectively.  However, use different performance measurement index. Conceptually, a 

resource must obtain a minimum performance score to receive credits and to be able to 

bid in the future. MISO has the highest. We found that PJM and ISO-NZE implement fast 

regulation signaling – that requires a high ramp rate – this service is ideal for BESS and 

hence incentivize their participation. 

 

Basic Intermediate Advanced 

   

 

Figure 19: Mileage Pricing  

4.1.6 Performance Compensation  

In compliance to FERC order 755, all ISO/RTOs have a performance-based factor in the 

compensation formula.  PJM measures a performance score whereas NYISO measure 

compensation using a performance index. CAISO uses an accuracy percentage – but 

has a similar formula to NYISO.   

 

Theoretically, Battery storage can respond faster and more accurately to the regulation 

signal than other forms of energy storage. A closer link of performance accuracy to 

compensation would favor batter storage than other resources.  MISO has the clearest 

and most strict requirement for performance. It requires close signal following 70% of the 

duration in order to receive full credits. 

Basic Intermediate Advanced 

   

 
Figure 20: Performance Compensation 

All other ISOs 

Other ISOs 
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4.1.7 Primary Frequency Response  

Primary frequency response is the first stage of balancing supply and demand and 

controlling frequency by using governor generators and an automatic generation control 

(AGC) signal in order to arrest frequency changes that are detected near an 

interconnection. Its primary objectives are as follows:  
· To be the first line of defense   

· To be critical for system restoration   

· To enable accurate modelling and event analysis   

· To comply with NERC’s requirement of BAL-003-1 (Frequency Response and 

Frequency Bias Setting – aimed to set Frequency Response requirements from the 

Balancing Authority (BA) to maintain Interconnection Frequency within predefined 

bounds by arresting frequency deviations. This guideline is aimed to provide means 

of measuring Frequency Response and determining the Frequency Bias Setting39). 

The different parameters under this product are as follows: 

 

4.1.8 Governor Generator (MW) Obligation 

Governor generator is the primary generator that is attributed to correct imbalance in 

frequency. Different ISOs have different frequency thresholds based on the 

interconnection that it supports. Additionally, each ISO has a separate obligation with 

NERC in terms of MW. For instance, CAISO has an obligation of 218 MW while PJM has 

a governor obligation of 258 MW. It is interesting to note that NYISO is said to have twice 

the Governor generator capacity than what it is obligated to put forth.  

 

The Governor generator capacity is an indicator of how much energy storage can 

penetrate through for this particular service since ESRs are not typically considered as 

generators purely but rather as resources. Thus, the MW obligation in this case is an 

indicator of how much the ISO is dependent on the conventional or baseload generators 

even for the purpose of primary frequency response.  

 
39 NERC. (n.d.). Standard BAL-003-1 — Frequency Response and Frequency Bias 
Setting. https://www.nerc.com/pa/Stand/Project%20200712%20Frequency%20Response%20DL/BAL-003-
1_clean_031213.pdf 
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The Basic criterion can be understood as higher NERC obligation with respect to MW 

indicates lesser withdrawal from conventional energy sources for this purpose while 

advanced criterion can be understood as Lower NERC obligation with respect to MW 

indicates higher withdrawal from conventional energy sources for this purpose and 

greater uptake of renewables and therefore facilitating greater uptake of ESRs as well. 

Based on the study conducted, CAISO seems to be in the advanced state while NYISO 

does not. 

 

Basic Intermediate Advanced 

   

 

Figure 21: Governor Generator Obligation 

 

4.1.9 Response Time 

Response time is essentially the time taken to correct any imbalance in frequency. This 

is critical as primary frequency response is the first line of defense and needs to 

spontaneous in its response. Each ISO has a response time in seconds.  

  

The ability for ESRs to respond in seconds and thus being able to provide that 

spontaneous response will dictate how well they perform as frequency regulators. As 

mentioned earlier, some ESRs have demonstrated the ability to follow faster, unfiltered 

area control error (ACE) signals, with minimal associated wear and tear. This endurance 

implies that there is huge potential for ESRs to serve under this product. 

 

Basic criterion was defined by an ISO having a response rate in first 10 seconds while 

the advanced criterion was defined by an ISO having a demarcation is line of action within 

those 10 seconds. That is because it facilitates a hierarchy in the response and increases 

reliability. We find that all ISOs except PJM have a second’s time frame and no 

CAISO NYISO, MISO PJM, SPP, ISO-NE 
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specification within that while PJM has two lines of actions in the 2 seconds and the 10 

seconds timeframe making it the advanced ISO in this case. 

 

Basic Intermediate Advanced 

   

 

Figure 22: Response Time 

4.1.10 ISO Procurement 

Few ISOs such as ISO-NE and NYISO procure generators for AGC and other means of 

primary frequency response while others do not. This goes back to Governor generator 

obligation indicating how feasible it is for storage to penetrate when there is a certain MW 

obligation for procurement.  

 

Basic criterion implies that an ISO procures implying lesser participation from other 

market participants and service providers while advanced criterion implies the opposite. 

In this case, ISO-NE and NYISO come under basic compliance. SPP and PJM are 

considered between advanced and basic criterion due to insufficient information, and 

CAISO and MISO are considered to be in advanced compliance. 
 

Basic Intermediate Advanced 

   

 

Figure 23: ISO Procurement  

4.1.11 Renewable Energy Limit 

The criterion to evaluating this was whether any limitation was found to renewable energy 

and thereby as an extension, to ESRs as well through ISO filings and other literature. 

Some ISOs such as MISO and NYISO had renewable energy limitations in terms of 

PJM NYISO, MISO, ISO – NE, SPP, PJM 

CAISO, MISO SPP, PJM ISO-NE, NYISO 
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percentages of their overall generator capacity while ISO-NE had a specific limit in GW 

mentioned. A special concern was brought out within the ISOs proprietary literature on 

these limitations and the threats their interconnection, especially the eastern 

interconnection faced as a result for primary frequency response. The other ISOs had no 

limitation mentioned against them. 

 

This relevance works under the assumption that storage uptake happens most likely in 

concurrence with greater renewable energy penetration and thus such a limitation 

impacts storage penetration as well. This assumption can be supported by the fact that 

so far, utility grids have not undertaken a massive uptake of energy storage. It has been 

more feasible and cost-effective to call upon additional fossil fuel burning plants to ramp 

up or down as needed. However, with GHG limitations, carbon capture, and states’ 

evolving renewable energy goals, solar and wind have significantly increased their market 

share. However, solar, wind, and other renewable energy sources are intermittent, 

therefore demanding added flexibility from the grid which is best provided by energy 

storage resources to balance demand and supply in a localized manner40. It is thus, easier 

to witness greater energy storage uptake with an increasing renewable energy target. 

However, limitations on renewable energy uptake in ISOs such as MISO and NYISO may 

affect energy storage penetration as well.  

 

Basic criterion is defined as when there is a limitation and especially if that limitation is 

the most impactful in terms of lowering the % of total generator capacity. Ex: NYISO, 

MISO, and ISO-NE. Advanced criterion is when there are no such limitations. Ex: CAISO. 
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Figure 24: Renewable Energy Limit 

 
40 CED Greentech. (2018, August 27). Why is Energy Storage Such an Important Part of the Renewables Mix. 
CivicSolar, Inc. https://www.civicsolar.com/article/why-energy-storage-such-important-part-renewables-mix 
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4.1.12 Reactive Power Service 

Reactive power service includes monitoring local reactive power at power plants and 

using devices along the transmission system to govern voltage levels. Moreover, reactive 

power service oversees power electronics equipment that actively injects or absorbs 

reactive power. It has been noted that ESRs, particularly, battery storage can take 

advantage of their high ramping rates and their built-in power electronics to provide 

reactive power service in a more competent way than traditional grid infrastructure41. 

ESRs are designed to inject into or absorb from the grid to stabilize voltage with no lag42.  

 

4.1.13 Compensation for Reactive Power  

ISOs/RTOs compensate ESRs for Reactive Power ranges on a cost-recovery basis. 

However, cost calculations and formulae differ between ISOs/RTOs. If service providers 

are compensated implies that ESRs would have a greater advantage participating in such 

an ISO due to higher revenues and increased profitability. 

 

Basic criterion includes that there is no compensation mechanism involved while 

advanced state implies that there is a compensation structure involved though the 

method/calculations of including different costs under the compensation mechanism vary 

from ISO to ISO. All ISOs have some form of compensation included. 
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Figure 25: Compensation for Reactive Power 

 
41 How Will Battery Storage Help Utilities Integrate Distributed Solar? (2014, May 13). Greentech Media | Clean 
Tech & Renewable Energy News | Greentech Media. https://www.greentechmedia.com/articles/read/How-Will-
Battery-Storage-Help-Utilities-Integrate-Distributed-Solar 
42 Asia Development Bank. (2017, February). Energy Storage in Grids with high penetration of variable 
generation. https://www.adb.org/sites/default/files/publication/225731/energy-storage-grids.pdf 

All ISOs 
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4.1.14 Reactive Power Range 

The reactive power requirement is determined by the power delivery i.e the maximum 

rated power output and the power factor range over which the reactive power is expected 

to meet. For all ISOs lie this power factor range typically lies between + 95%. However, 

the point of noting the maximum rated power output might be technology dependent in 

some ISOs. For instance, the maximum rated power output for wind generating facilities 

need to be measured at the high side of the station transformer only while other non-

synchronous generating facilities are to be measured at the point of interconnection43. 

Thus, despite power factor ranges are at 95% leading and lagging for all technologies 

including ESRs as this requirement is technology agnostic, the point of obtaining the 

maximum rated power output may affect the reactive power contribution of different 

technologies including ESRs, especially when they are coupled with such technologies 

such as wind generating facilities as explained above.  

 

Basic criterion includes the reactive power ranges that are not technology dependent. For 

instance, CAISO, MISO, NYISO, and SPP. Advanced criterion includes that ISOs have 

technology dependencies and that it is also dependent on the generator capacity and its 

volt-ampere reactive (VAR) output. For example, ISO-NE and PJM. PJM allows different 

voltage control modes and limits based on different technologies and distinct types of 

generators. The reactive output can also be manually varied or adjusted by plant 

operators based on their inherent capabilities. For PJM, the limits for reactive supply and 

voltage are also dependent on the regional limits as consistently maintained by the 

transmission provider.44 

 

 

 

 

 
43 ISO-NE. (2020, February 6). Interconnection planning procedure for generation and elective transmission 
upgrades. https://www.iso-ne.com/static-assets/documents/rules_proceds/isone_plan/pp05_6/pp5_6.pdf 
44 PJM Manual 14D: Generator Operational Requirements. (2019, December 19). PJM - 
Home. https://www.pjm.com/-/media/documents/manuals/m14d-redline.ashx 
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Basic Intermediate Advanced 

   

 

Figure 26: Reactive Power Ranges 

 

4.2 Capacity Market 

In capacity markets, generators, including ESRs, are eligible to receive payments for 

committing to provide generation capacity during a specific delivery period45. While 

energy is measured in MWh and ancillary services defined by its products, capacity is 

measured in MW. Capacity markets are unique in that ESRs are paid only for their ability 

and commitment to produce electricity in a future time period, rather than for specific 

services or actual energy provided. 

 

One of the main reasons why capacity markets are viewed as necessary in certain 

electricity markets is the high price-inelasticity of electricity demand46. This means that 

electricity consumers do not significantly change their electricity demand as electricity 

prices swing. One of the major reasons why electricity demand is price-inelastic is that 

consumers either do not or cannot directly observe and respond to swings in electricity 

pricing. Therefore, consumers are shielded from price signals in the market and do not 

modulate their electricity demand accordingly. This price non-responsiveness may lead 

to greater demand of electricity than supply at any given team, threatening grid reliability. 

 

 
45 New York University School of law - Institute for Policy integrity. (2018, April). Capacity Markets and 
Externalities. https://policyintegrity.org/files/publications/Capacity_Markets_and_Externalities_Report.pdf 
46 Cramton, P., Ockenfels, A., & Stoft, S. (2013). Capacity Market Fundamentals. Economics of Energy & 
Environmental Policy, 2(2). https://doi.org/10.5547/2160-5890.2.2.2Missing Money – Will the Current Electricity 
Market Structure Support High (~50%) Wind/Solar? (2015, May 
18). https://www.nrel.gov/docs/fy15osti/64324.pdf 
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Another market failure that calls for the necessity of capacity is the “missing money” 

problem47. Because many generators have high fixed costs and relatively low marginal 

costs, many generators would not earn enough revenue in an energy-only electricity 

market since there would be insufficient revenue to cover high fixed costs. Capacity 

market resolves this market failure by providing another revenue stream to generators 

and properly compensating the investment many generators make. This proper 

compensation may prevent early plant retirements and promote greater investment in 

new generation48. 

 

While the value of capacity in electricity markets is well-established, the ISOs/RTOs 

approach capacity procurement and requirements for generators differently49. NYISO, 

PJM, and ISO-NE have centralized capacity markets, in which auctions are conducted by 

the grid operator to elicit capacity at the cheapest price possible; however, bilateral 

contracts may also occur after the auction to allow resource providers a path to cover 

capacity commitment shortages50. MISO also holds capacity auctions, but these are 

voluntary. Rather, MISO ensures future capacity by requiring bilateral contracts between 

suppliers and load-serving entities (LSE) to meet certain reserve margins. Similarly, 

CAISO and SPP also have planning margin reserve requirements for bilateral contracts 

in addition to self-supply requirements. Self-supplied capacity is capacity directly owned 

by a generator rather than procured from a third-party through a bilateral contract51. 

 

The various electricity markets approach the assurance of future capacity in several ways 

(bilateral contracts, self-supply, and auction-clearing). To maintain reliability standards, 

grid operators must maintain enough capacity resources to meet projected peak load, in 

 
47 Missing Money – Will the Current Electricity Market Structure Support High (~50%) Wind/Solar? (2015, May 
18). https://www.nrel.gov/docs/fy15osti/64324.pdf 
48 Missing Money – Will the Current Electricity Market Structure Support High (~50%) Wind/Solar? (2015, May 
18). https://www.nrel.gov/docs/fy15osti/64324.pdf 
49 University of California, Davis - Energy Economics Program. (2017). Electricity Capacity Markets at a 
Crossroads [Doctoral dissertation]. http://deep.ucdavis.edu/uploads/5/6/8/7/56877229/deep_wp017.pdf 
50 Capacity Market Operations. (2019, December 5). PJM Manual 18: PJM Capacity 
Market. https://www.pjm.com/~/media/documents/manuals/m18.ashx 
51 ISO New England. (n.d.). Qualification Process for Existing Generators. https://www.iso-ne.com/markets-
operations/markets/forward-capacity-market/fcm-participation-guide/qualification-process-for-existing-
generators 



 44 

addition to a planning reserve margin52. Therefore, it is critical to understand the rules, 

requirements, and limitations surrounding ESRs and capacity provision.  

 

4.2.1 Dual Participation 

Dual participation is the ability for an ESR to sell their services (typically energy and 

capacity services) to both wholesale and retail programs53. For example, an ESR that is 

dual participating can engage in an ISO-administered centralized capacity auction and in 

bilateral contracts for energy with a local distribution utility or a host facility 

simultaneously54. Opening up both the retail and wholesale markets for ESRs would 

potentially provide additional and greater revenue streams for ESRs, which would 

increase the financial viability and investor attractiveness of storage55.  

 

The only ISO to explicitly address dual participation in their Order 841 tariff filings is 

NYISO, which has stated that their proposed tariffs would apply only to wholesale 

markets. However, in January 2020, FERC accepted a separate tariff revision submitted 

by NYISO: the Aggregation Participation Model56. In addition to allowing the aggregation 

of smaller distributed energy resources for participation in NYISO-administered markets, 

the Aggregation Participation Model also permits dual participation for all wholesale 

market participants, which would include to aggregated and non-aggregated ESRs. 

 
PJM currently prohibits dual participation due to double-counting concerns, which means 

an energy resource cannot receive compensation from two sources for one instance of 

service. For example, an ESR may unfairly receive payments for the benefits of a single 

 
52 FERC. (2013). Centralized Capacity Market Design Elements - Commission Staff Report (AD13-7-
000). https://www.ferc.gov/CalendarFiles/20130826142258-Staff%20Paper.pdf 
53 Tesla, others question storage hourly requirements, charges in FERC Order 841 compliance plans. (2019, February 
13). Utility Dive. https://www.utilitydive.com/news/tesla-others-question-storage-hourly-requirements-charges-
in-ferc-order-8/548315/ 
54 FERC approves NYISO Aggregation Participation Model. (2020, January 27). Energy Policy 
Update. https://energypolicyupdate.blogspot.com/2020/01/ferc-approves-nyiso-aggregation.html 
55 New York utilities, NYISO to collaborate on allowing storage in state's wholesale and retail markets. (2019, 
February 26). Utility Dive. https://www.utilitydive.com/news/new-york-utilities-nyiso-to-collaborate-on-allowing-
storage-in-states-who/549222/ 
56 FERC approves NYISO Aggregation Participation Model. (n.d.). Energy Policy 
Update. https://energypolicyupdate.blogspot.com/2020/01/ferc-approves-nyiso-aggregation.html 
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load reduction from both a retail distribution utility and the ISO grid operator57. While PJM 

states that it is may open up dual participation for energy resources through future 

stakeholder engagement and framework guidance from FERC, it is presently concerned 

about important measurement and verification protocols that are not addressed by 

proposed tariffs and current software58. 

 

CAISO’s Order 841 tariff filings do not address and therefore prohibit dual participation. 

However, CAISO recognizes the need to examine the multiple use applications open to 

DERs and is currently collaborating with the California Public Utilities Commission 

(CPUC) to explore the potential of implementing multiple-use applications for DERs59. 

Therefore, it is likely that CAISO may implement some form of dual participation in the 

future. ISO-NE, SPP, and MISO all did not address dual participation in their Order 841 

filings and have no plans for allowing dual participation in the future. 
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Figure 27: Dual Participation Status 

 

4.2.2 Determination of Capacity Value 

As mentioned in the introduction section, market operators hold capacity auctions to 

ensure sufficient energy generation (plus reserve for contingencies) in MWs to meet 

future load forecasts. To calculate how much each generating resource can reliably inject 

onto the grid during peak timings, the ISOs study physical characteristics of different 

 
57 Motion for leave to answer and limited answer of PJM interconnection, L.L.C. (n.d.). PJM - 
Home. https://www.pjm.com/-/media/documents/ferc/filings/2019/20190116-er19-511-000.ashx 
58 Motion for leave to answer and limited answer of PJM interconnection, L.L.C. (Docket No. ER19-511-000). 
(n.d.). https://www.p3powergroup.com/siteFiles/News/7D2D4C7447E63C6B31205D5EDAA85641.pdf 
59 CAISO. (n.d.). Post-Technical Conference Comments of the California Independent System Operator Corporation 
(RM18-9-000). https://www.caiso.com/Documents/Jun26_2018_Post-TechnicalConferenceComments-
Participation_DERA_MarketsOperated_RTOISO_RM18-9.pdf 
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generating types. A conventional fossil-fuel generator has a tested prime rating for power, 

which thus make themselves a mature and tested technology for capacity allocations from 

an ISOs/RTO perspective. Resources like solar or wind which have variable generation 

are trickier and are allocated capacity values based on historical performance and 

production modeling. With energy storage, which has a finite tank, each market operator 

is making an assessment on minimum-run time requirements in correspondence with the 

length of their peak period and other available resources on the grid. 

 

CAISO defines Minimum Run-Time as - "The minimum amount of time that a Generating 

Unit must stay on-line after being started-up prior to being Shut-Down, due to physical 

operating constraints". 

 

The run-time requirements for CAISO, SPP, MISO and NYISO are 4 hours at minimum. 

The highest run-time requirement to be eligible as a capacity resource in PJM is 10 hours, 

and on the other side of the spectrum ISO-NE only requires 2 hours of sustained 

discharge to count towards its capacity value. 

 

The basic measure that each ISO must incorporate after Order 841 is that it should allow 

ESRs to de-rate capacity per minimum run-time requirement. For example, if there is a 

10MW/40 MWh system and an ISO has a 4-hour run time requirement, the capacity 

associated with the asset will be 10MW whereas if the ISO required 10 hours of minimum 

run-time, then the de-rated capacity will be 4 MW. Hence, for higher capacity attributions 

made by an ESR system there will be greater revenue received from capacity auctions 

which puts ISOs with the least minimum run-time requirements as the most advanced, in 

this case ISO-NE. 
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Figure 28: Determination of Capacity Value 
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4.2.3 Forward Period  

Forward Period is the duration between forward auction and start of commitment period 

during which the supplier must be available.  

 

ISO-NE and PJM have 3 years of forward period. MISO provides from spot auctions only 

whereas NYISO provides both spot auction and seasonal auctions. A longer forward 

period increases certainty in peak load forecasts, prices and resource adequacy and 

allows more direct competition across all resources including ESR.  

 

ISO-NE and PJM were given advanced compliance. NYISO fared better than MISO and 

CAISO because it provided seasonal auctions in addition to spot auctions. 

 

Basic Intermediate Advanced 

   

 

Figure 29: Forward Period 

 

4.2.4 Commitment Period 

Commitment period is period between the end of forward period and actual supply of 

capacity resource in which supplier must be available and ready to provide capacity 

services. 

  

All ISOs provide for one year of commitment period. However, PJM and ISO-NE conduct 

annual rebalancing auctions leading to the commitment period which helps in adding new 

supply and provide greater flexibility in price adjustment. Greater commitment period or 

an auction closer to the start of commitment period provides revenue certainty, making 

an ESR or any other capacity resource attractive for investors. 

 

SPP, CAISO NYISO 

ISO-NE 
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All ISOs except PJM and ISO-NE were put in the basic category of compliance. PJM and 

ISO-NE were put in the advanced category because of annual auctions. 

 

Basic Intermediate Advanced 

   

 

Figure 30: Commitment Period  

 

4.2.5 Enforced Penalties and Sanctions for Non-Performance 

The non-performance penalties are determined by varying metrics that quantify the 

incidence rate when a capacity resource did not deliver on demand during system 

emergencies and by using a set penalty calculation mechanism.  

 

Most ISOs that have a capacity market have a set means of measuring the deficiency in 

performance against which the penalty is applied. Each ISO differently evaluates the rate 

of penalty. For instance, in ISOs such as NYISO, MISO, and PJM, the deficiency is 

calculated as the max number of MWs or ZRCs (equivalent to 1 MW of unforced capacity 

from a planning resource) that the supplier failed to schedule. On the other hand, ISO-

NE calculates the deficiency as a performance score that is assigned to each capacity 

supplier for a 5-minute interval based on the capacity supplied, capacity supply obligation, 

and capacity balancing ratio. The penalty charge is different for each ISO. For NYISO 

and MISO, the penalty charge is equivalent to either the locational marginal price (LMP) 

or 1.5 times that. ISO-NE uses a fixed rate system while PJM has a non-performance 

charge that is calculated based on the modelled locational deliverability area (LDA) net 

cost of new entry (CONE) value.  

 

Strict non-performance charges may facilitate greater reliability from capacity resources. 

However, a balanced approach towards calculating these non-performance charges 

could encourage greater participation from ESRs  

All other ISOs PJM, ISO-NE 
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Basic criterion was defined as the mere existence of penalty charges and well-defined 

rules to evaluate performance deficiencies. The advanced stage was defined by not only 

having a well-defined system to evaluate penalty charges and deficiency parameters but 

also by having a non-performance charge as a function of real-time LMPs or other market-

based prices rather than fixed rates. In this case, CAISO and SPP come under the basic 

stage while ISO-NE come under the intermediate stage because of its fixed rate. PJM, 

MISO, and NYISO come under the advanced stage. 

 

Basic Intermediate Advanced 

   

 

Figure 31: Enforced Penalties & Non-Performance 

 

4.3 Energy Market 

So far, we have discussed ancillary services and capacity markets; while the former 

includes grid services for short-term reliability, the latter serves long-term reliability 

requirements. Energy markets fit in between the two in terms of planning horizon. This 

market forms the mechanism through which sellers and buyers transact electricity at 

prices referred to as LMPs. The LMP calculation incorporates the full marginal cost of 

serving an increment of load at each bus. This cost has three components – system 

energy price, congestion price, and loss price. System energy price is the cost of an 

additional increment of energy from the marginal generator. Congestion price occurs 

when a demand resource is located in a zone with transmission capacity constraints; a 

premium will be placed on the use of those power lines since they can get congested.  

 

The procurement of electricity supply is carried out on two timescales - the first is the day-

ahead (DA) or the forward market in which ISO/RTOs calculate hourly LMPs for the next 

operating day based on the previously mentioned parameters. Hourly LMPs help meet 

the estimated energy required by consumers. The operators also run a market power 

PJM, MISO, NYISO ISO-NE CAISO, & SPP 
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mitigation test to ensure that the bids made by different generator classes are fair and 

within predetermined limits.  

 

Even though electricity consumption is fairly price-inelastic and consumers have mostly 

consistent consumption patterns, it is still impossible to make error-free predictions 24 

hours in advance. To mitigate this gap in knowledge in actual aggregate demand and to 

account for dynamically changing zonal grid conditions with respect to transmission 

constraints, the market operators run a security-constrained economic dispatch (SCED) 

model on a short timescale of 5 minutes. This 5-minute interval is called the real-time (RT) 

balancing market. LSEs pay RT LMPs for any demand that is above the forecasted 

energy schedule and receive corresponding revenue if real demand falls short of 

forecasted demand. For a more detailed view on how an ISO accepts bids for both these 

markets and manages operations, see Figure 32 below. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32: PJM’s Energy Market Procurement Timeline60 

 
60 PJM Interconnection. (n.d.). Energy Markets. PJM Learning Center - Home. https://learn.pjm.com/three-
priorities/buying-and-selling-energy/energy-markets.aspx 
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The DA and RT components of the energy market is summarized in Figure 33 below:  

 

 
 

Figure 33: Energy Market Breakdown61 

 

4.3.1 Performance and Compensation 

To level the playing field for storage to participate in the wholesale energy market, Order 

841 laid out significant changes in the payment structures. We identified the five most 

significant determinations of the commission, and reviewed ISO’s fillings for compliance 

to these rule changes. The nature of these rule changes means the analysis lends itself 

to a binary analysis i.e. whether the ISO complied with a particular rule change or not. 

The five rule-changes are described below: 

 

1. Provision of Make Whole Payments: Make whole payments are supplemental 

payments to the energy lender in a scenario when economic dispatch solution 

does not provide enough revenue to cover total costs.  

2. Sales and Purchase of Energy to be at Locational Marginal Pricing 

3. ESRs can set the wholesale market clearing price when it is the marginal resource; 

as both a wholesale seller and wholesale buyer. 

4. Provision to exempt payment of Wholesale Charging Energy Settlement 

Exemption twice during charging and discharging. 

5. Treat all storage the same as generators when assessing Non-Performance 

Charges and Bonus Performance Credits. 

 
61 ISO New England. (n.d.). Administering the Markets. https://www.iso-ne.com/about/what-we-do/three-
roles/administering-markets 
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Parameter CAISO ISO-NE MISO NYISO PJM SPP 

Make Whole Payments Yes Yes Yes Yes Yes Yes 

Sales and Purchase at LMP Yes Yes Yes Yes Yes Yes 

ESRs can set the wholesale market clearing 

price as both a seller and buyer 
Yes Yes Yes Yes Yes Yes 

Wholesale Charging Energy Settlement 

Exemption to prevent paying twice Yes Yes Yes Yes Yes Yes 

Treat all storage exactly the same as generators 

when assessing Non-Performance Charges and 

Bonus Performance Credits 
Yes Yes Yes Yes Yes Yes 

 

Figure 34: Performance and Compensation Parameters 

 
We found that all ISOs comply with the rule-changes identified above and hence is put 

in the basic category of compliance. 
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Figure 35: Performance & Compensation Overview 
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4.3.2 State of Charge Management 

An ESR’s SOC is the amount of energy the ESR currently has stored relative to the limit 

on the amount of energy that can be stored. SOC is typically expressed as a percentage62. 

Order 841 directed the ISOs/RTOs to allow ESRs the option of self-managing their SOC, 

rather than mandatory ISO-managed state of charge management (SOCM). By allowing 

self-SOCM, private actors and ESR owners/operators can directly control the charge 

cycles occurring in a given time period. For batteries, this operational control can 

potentially mitigate the risk of the ESR “wearing out” or losing the capability to hold 

sufficient charge before scheduled retirement63.  

 

In their Order 841 filings, MISO, PJM, and SPP allow only self-SOCM; ISO-SOCM is not 

an option. However, to participate in the energy market, ESR operators in these 

wholesale markets must submit several bidding parameters, such as SOC, minimum and 

maximum SOC, and economic charge and discharge limits. Therefore, ESRs are allowed 

to self-schedule and will be dispatched as scheduled rather than in an economically 

determined fashion by the market operator64. However, ESRs may also submit a 

dispatchable range as a bidding parameter instead of a strict schedule, which would allow 

the market operator greater flexibility to guide resource dispatch during a given time 

period. PJM and SPP follow similar processes to MISO’s. 

 

CAISO and NYISO both provide options for ESRs to either have SOC managed by the 

ESR or by the grid operator. CAISO allows ESRs to self-manage their SOC through 

submitted bidding parameters or to have the market optimization software manage SOC 

through bidding and ESR-specific parameters. For ISO-SOCM in NYISO, an ESR’s SOC 

 
62 Ela, E., & Signal, N. (2018, November 6). Energy Storage in Market Clearing Models: ISO/RTO State of the Art and 
Research Results.  
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjOveLUs
anoAhVIJt8KHYzcB2MQFjABegQIBRAB&url=http%3A%2F%2Fwww.ieso.ca%2F-
%2Fmedia%2FFiles%2FIESO%2FDocument-Library%2Fengage%2Fesag%2Fesag-20181106-epri-energy-
storage.pdf%3Fla%3Den&usg=AOvVaw39JxDpAP5feJ2t08OeAbBg 
63 Market Rules in Transition: Energy Storage Value and the U.S. Electric Grid [Master's thesis]. 
(2019). https://conservancy.umn.edu/bitstream/handle/11299/206188/Forsberg_umn_0130M_20238.pdf?seque
nce=1 
64 Compliance Filing with Order No. 841. (2018). Midcontinent Independent System Operator, Inc. 
(MISO). https://cdn.misoenergy.org/2018-12-03%20Docket%20No.%20ER19-465-000298849.pdf 
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will be directly accounted for in NYISO’s optimization software; for self-SOCM in NYISO, 

an ESR’s SOC will not be directly accounted for since ESRs will self-manage their 

dispatch.  

 

ISO-NE is unique in that it has taken a hybrid approach to SOCM, relative to the other 

ISOs/RTOs. While the other tariff filings considered SOC a bidding parameter, it is only a 

telemetry value in ISO-NE. A telemetry value is a recording made by an instrument and 

relayed to the grid operator rather than manually communicated by an ESR operator. This 

telemetry value is used as an input by ISO-NE software to automatically determine 

“Maximum Consumption Limit” and “Economic Maximum Limit” values, which contrasts 

with the other energy markets in that these values are determined by the ESR itself and 

submitted as a bidding parameter65. In short, ISO-NE uses real-time telemetry to enforce 

SOC feasibility for ESRs; the only other ISO/RTO to do this is SPP.  

 

While self-SOCM may help storage owners/operators mitigate project risk and enhance 

resource ownership, flexibility, revenue streams, and control, the grid operators may 

prefer ISO-SOCM to increase market financial and operational efficiency and take over 

scheduling responsibility. Since ISO-NE’s participation model is not as flexible as other 

market operators, it is categorized in the intermediate maturity bucket below. All other 

ISOs offer greater self-SOCM flexibility and are therefore advanced. 
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Figure 36: State of Charge Management Friendliness to ESRs 

 
65 Market Rules in Transition: Energy Storage Value and the U.S. Electric Grid [Master's thesis]. 
(2019). https://conservancy.umn.edu/bitstream/handle/11299/206188/Forsberg_umn_0130M_20238.pdf?seque
nce=1 
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4.3.3 Minimum Run Time – Dispatch Signal & Timeline to Self-Dispatch  

Minimum run time is defined as the minimum set time that an ESR would be able to follow 

a dispatch signal as prescribed by the ISO66. Self-dispatch is defined as the ability of an 

ESR to dispatch on its own in case it is unable to keep up with a minimum run time 

requirement particularly for reserves66.  

 

Per the Northeast Power Coordinating Council (NPCC) requirements, ISO-NE has a 

minimum run-time requirement of 15 minutes for consumption and 1 hour for the provision 

of energy and reserve. However, ISO-NE does not have a bid parameter for minimum run 

time to run a dispatch signal in the energy market. It is instead input during the operational 

phase through telemetered values. On the other hand, NYISO and CAISO consider 

minimum run-time as an optional bid parameter, giving ESRs flexibility for devising offer 

curves. Additionally, an ESR that cannot operate for a least 1 hour in a single state 

(injection or withdrawal) can still participate in NYISO’s markets as a Limited Energy 

Storage Resource. We did not find any minimum run time requirement in MISO and PJM 

compliance filings. Specifically, ESRs in ISO-NE are allowed to self-dispatch to a MW 

level that is higher than the minimum MW level required to meet the 1-hour NPCC 

reserve. However, this is only such that the MW level is sustained for at least 15 minutes. 

As a result, reserves are not considered for the ESR in question. This is because dispatch 

above the MW level required to meet the 1-hour duration requirement will not be sustained 

for an hour.  

  

If a minimum run time is defined by the market and there is a bid parameter associated 

with it, then we classify that market in the basic maturity category. Whereas, if the ESRs 

are allowed to define a minimum run time as a result of its operational and physical 

constraints or submit this as an optional bid parameter to the market then we consider 

that advanced since it allows for enhanced flexibility of operations for ESRs. The co-

optimization of energy and reserves plays a crucial role in overall revenue collection for 

 
66 Electric Storage Participation in Markets Operated by Regional Transmission Organizations and Independent 
System Operators (RM16-23-000; AD16-20-000; Order No. 841). (2018). FERC. https://www.ferc.gov/whats-
new/comm-meet/2018/021518/E-1.pdf 
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ESRs. Markets that restrict access by setting minimum run times may increase the 

opportunity cost of participating in other services. Hence, ISO-NE and SPP are 

categorized under the basic criterion while NYISO and CAISO are defined under the 

advanced criterion since they allow for minimum run times to be input as optional 

parameters. PJM and MISO do not mention minimum run times that are needed as bid or 

input parameters. They are thus, put under the intermediate category. 
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Figure 37: Minimum Run-Time Requirement 

 

4.3.4 Restrictions to Set LMPs 

This is a self-defined parameter that examines whether there is any kind of restriction or 

limitation in an ESR participating and/or submitting a bid and setting an LMP. 

  

Many ISOs have restrictions in simultaneous participation of an ESR as a supply resource 

as well as a demand resource. For instance, in MISO, an ESR can only be cleared as 

either a supply or a demand resource at a given interval and only be cleared at a single 

energy target MW per interval. The same applies to NYISO as well. As a result, an ESR 

is not permitted to bid both withdrawal and injection in the same market hour and is also 

not supported for energy level management in case of NYISO. Thus, in NYISO 

particularly, an ESR with non-continuous dispatch ranges may have to opt out of their 

position in case it is dispatched to a level that is outside its feasible range. PJM with a 

minimum charge limit as well as resources that are self-scheduled without a dispatchable 

range cannot set an LMP due to lack of or inadequate dispatch ranges. CAISO, on the 

other hand, has no restriction. Additionally, CAISO will not assess transmission access 

charges (TAC) as a result of their negative generation parameter in ESR’s participation 

model, which allows ESRs to increase their price bids. CAISO is also set to remove the 

CAISO, NYISO  PJM, MISO ISO-NE, SPP 
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TAC requirement for pumped hydro storage as well. ISO-NE has some limitation at the 

self-dispatch level, i.e. a Dispatchable Asset-Related Demand (DARD) when self-

dispatched can be dispatched at the requested MW level regardless of the LMP. A 

generator asset, when self-dispatched will be done so at the requested MW level at the 

Energy Offer Floor.  

  

A restriction in price setting ability of a particular ESR would hinder its participation in the 

ISO due to its inability to act as a profit-maximizing resource.  

  

Basic category would be defined as an ISO that has restrictions in setting bids such as 

that for ESRs with non-continuous dispatch ranges as explained above while advanced 

criterion would be defined as the ISO that has no restrictions. In this case, NYISO, PJM, 

and MISO are defined under the basic criterion while ISO-NE is defined under the 

intermediate criterion. CAISO and SPP are defined under the advanced criterion.  

 

Basic Intermediate Advanced 

   

 

Figure 38: Restrictions to Set LMPs 

 
5. DISCUSSION 
The Results discussed the market models proposed by the ISO/RTOs in compliance with 

FERC Order 841. The ISO/RTOs were rated on five parameters for each market on a 

scale from Basic to Advanced. While parameters in the ancillary services corresponded 

to distinct services provided by the ISO, in the Capacity Market, there is only one type of 

service, by definition. Hence, the parameters for the capacity market were based on 

enabling criteria that would seek to either enable or discourage participation of storage in 

the wholesale market. 

 

CAISO, SPP ISO-NE NYISO, PJM, MISO 
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Overall, in our analysis, we found remarkably similar performance across ancillary and 

capacity markets. CAISO and PJM ranked highest while SPP and MISO the lowest. This 

differentiation is more defined in the ancillary services market than in the capacity market. 

The analysis also found more instances of advanced compliance in the capacity market, 

with only SPP demonstrating basic compliance. The analysis found CAISO and PJM to 

be most “advanced” markets for ancillary services; SPP and ISO-NE stood at the other 

end of the spectrum. Collectively, ISOs went beyond FERC Order 841 in Reactive Power 

Service and Operative Reserves. Meanwhile, in the case of frequency regulation, ISOs’ 

participation models resembled the requirements of the Order (Figure 40) closely. It is 

important to note that frequency regulation is the most provided service by utility-scale 

battery storage systems. 
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Figure 39: Color-Coded View of Analysis of the Ancillary Services 
 

In the analysis for the capacity market, PJM had the most “advanced” markets for capacity 

services. SPP and CAISO stood at the other end of the spectrum.  

 

Figure 40: Color-Coded View of Analysis of the Capacity Market 
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Figure 41: Color-Coded View of Analysis of the Energy Market 

In the analysis of the wholesale energy market, we found CAISO to have the most 

“advanced” market for energy services. We also identified models submitted by SPP and 

NYISO to be more advanced than the requirements of FERC Order 841. However, 

participation models of MISO and ISO-NE resembled closely the most basic compliance 

level. 

 

Service SPP MISO NYISO CAISO PJM ISO-NE 
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6. STATE OF THE MARKETS PRE-ORDER 841 & CASE STUDIES  
6.1 Case Study 1: Dual Participation 

In April 2018, Irvine Company, a real estate developer and Advanced Microgrid Solutions, 

storage project developer, unveiled a joint project of batteries in 21 buildings scattered 

across Southern California67. These building batteries are capable of reducing each 

building’s peak demand by 25%, which reduces the buildings’ energy expenses and 

operating costs. Furthermore, these batteries can provide up to 10 MW of instantaneous 

load reduction for up to 4 hours for Southern California Edison (SCE), one of the major 

utilities in California. In other words, SCE can use the excess energy stored in these 

batteries to reduce grid load during seasonal peak periods.  

 

This project was constructed, unveiled, and operated before Order 841 was implemented 

in CAISO. In this pre-841 scenario, SCE, the utility, is the primary customer for Advanced 

Microgrid Solutions’ (AMS) aggregated building storage projects. SCE purchases the 

energy provided daily by these batteries for grid flexibility and reliability purposes. While 

the Irvine Company project reduces local building costs and monetizes the revenue 

stream potential of utility-scale demand response, the presence of clear and established 

dual participation rules could enhance the participation of these types of storage projects 

even further.  

 

Only NYISO explicitly allows dual participation via its January 2020 Aggregation 

Participation Model, while CAISO and the CPUC are currently exploring the issue. Should 

CAISO implement dual participation in the wholesale market, or a similar project arises in 

NYISO territory, aggregated batteries like Irvine Company’s or larger-scale standalone 

projects will be able to access greater revenue streams by becoming a direct wholesale 

market participant. For instance, if the Irvine Company-AMS joint project were located in 

NYISO, it can dual participate by providing retail services such as peak load reduction to 

the buildings while simultaneously acting as an energy resource to the wholesale energy 

 
67 Advanced Microgrid Solutions’ Hybrid-Electric Building Fleet Goes Live. (2018, April 25). Greentech Media | Clean 
Tech & Renewable Energy News | Greentech Media. https://www.greentechmedia.com/articles/read/advanced-
microgrid-solutions-and-irvine-co-s-hybrid-electric-building-fleet 
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market. ESRs would not have to sign a contract with a utility in order to engage with the 

ISO/RTO; it can now do so directly as a wholesale market participant, without the contract 

terms and stipulations that may hinder ESR flexibility and operations were it still tied to a 

specific utility. ESRs located in other ISOs/RTOs may experience similar benefits if their 

respective market operators allow some form of dual participation in future filings or if 

FERC mandates dual participation in future Orders. 

 

Because ESRs engaging in dual participation are interacting with customers on both the 

retail and wholesale sides, certain implementation challenges may arise68. For instance, 

would the wholesale market operator or the retail/distribution operator have operation 

control in a given time period? Additionally, the retail and wholesale market signals may 

occasionally conflict with each other. If the ESR has obligations to both markets, 

operational and reliability uncertainty may develop since it could be unclear which market 

the ESR will decide to serve. Finally, because dual aggregation involves potentially 

simultaneous transactions with retail and wholesale markets, regulatory jurisdiction, and 

resolution of conflicts over sales and operations may be challenged continually. 
 
 

 

 

 

 

 

 

 

 

Figure 42: Tesla Battery Array at Irvine Company Building69 

 
68 Distributed Energy Resources Roadmap for New York’s Wholesale Electricity Markets. (2017). New York 
Independent System Operator 
(NYISO). https://www.nyiso.com/documents/20142/1391862/Distributed_Energy_Resources_Roadmap.pdf/ec0b3
b64-4de2-73e0-ffef-49a4b8b1b3ca 
69 Irvine Co. Boosts SoCal Grid With Electric Hybrids. (2018, May 17). Commercial Real Estate News | Commercial 
Property Executive. https://www.cpexecutive.com/post/irvine-co-boosts-socal-grid-with-electric-hybrids/ 
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6.2 Case Study 2: Participation of ESRs in the Capacity Market  

In 2016, Exelon Generation and Renewable Energy Systems (RES) commissioned a 10 

MW battery facility in Clinton County, Ohio. RES developed and constructed the storage 

facility, while Exelon Generation owns and operates the facility using RES’s proprietary 

RESolve energy platform. RESolve monitors, dispatches, and controls the facility in order 

to maximize revenue and minimize battery degradation. The facility consists of three 

semitrailer-sized units, which are housed close to a substation for an easy interconnection 

to PJM. RESolve’s Energy Platform controls the monitoring and dispatch.  

 

Currently, the project only participates as a fast responding asset in PJM’s Reg D market. 

This case study alludes to the additional revenue streams from energy and capacity 

markets that will be accessible for such projects once PJM’s ESR participation model is 

implemented in accordance with Order 841. In their compliance filings, PJM proposed a 

10-hour duration requirement on storage in order to qualify as a capacity resource. For 

this Exelon project, the effective de-rated capacity that can participate in the capacity 

market is hence 1 MW. However, PJM is considering revising the 10-hour rule to a 4-hour 

duration70. In this case study, additional revenue from participation in the energy and 

capacity markets are modeled. Scenario I refers to the existing 10-hour duration rule, and 

Scenario II refers to a possible correction to a 4-hour rule. The yearly revenue is estimated 

to increase by 10.16% and 10.56% in Scenario-I and Scenario-II, respectively.  

 

 
70 McGovern, J. (2020, March 10). PJM, Stakeholders Consider Alternatives to 10-Hour Capacity Rule for Storage. 
PJM Inside Lines. https://insidelines.pjm.com/pjm-stakeholders-consider-alternatives-to-10-hour-capacity-rule-for-
storage/ 
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Figure 43: Estimated Yearly Revenue Stacks of Scenario I71 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44: Estimated Yearly Revenue Stacks of Scenario II 

 
71 Comments of the independent Market monitor for PJM (ER19-469-000). (n.d.). 
PJM. http://www.monitoringanalytics.com/Filings/2019/IMM_Comments_Docket_No_ER19-469_20190208.pdf 
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6.3 Case Study 3: Distribution Upgrades Deferral and Ancillary Services72 

In NYISO, deferring two substation upgrades in Brooklyn and Queens would save the 

utility, Con Edison, an estimated $1 billion. Con Edison needs to reduce or realign the 

timing of 52 MW of load by 2018 to avoid overloading the substations. The utility aims to 

achieve this in part by energy efficiency programs and demand response programs and 

in part by residential and commercial energy storage systems installed BTM. 

 

Installing these energy storage systems would allow the deferral of distribution upgrades. 

Based on in-depth simulations and modeling73, an expected 26 MW of battery capacity 

will be available for 120 hours a year during summer substation peak events. Localized 

ESRs would defer otherwise necessary distribution upgrades to meet growth in load. 

Moreover, the storage systems are available for frequency regulation, resource adequacy 

(capacity), spinning and non-spinning reserves, and black-start services, increasing 

potential revenue streams. 

 

Pre-Order 841, the total cost of this program (in 2014 dollars) is expected to equal $250 

million, while the total revenue is expected to be around $200 million in 2014 dollars. The 

storage resource is expected to commit 57% of its total available time to regulation while 

contributing only $50 million (2014) of revenue. The time it is expected to commit to 

resource adequacy and spinning and non-spinning reserves total 17-18% while the 

revenue contribution of these services is nominal. The biggest contribution in revenue is 

in the form of distribution upgrade deferrals, despite the time contribution coming in at 

only 1% (Figure 45). 

 
72 THE Economics of Battery Energy Storage. (2015). Rocky Mountain Institute. https://rmi.org/wp-
content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf 
73 THE Economics of Battery Energy Storage. (2015). Rocky Mountain Institute. https://rmi.org/wp-
content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf 
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Figure 45: Time Commitment and Financials of Energy System Services 

 
With the implementation of Order 841’s directives, ESRs will have to follow regulation 

service schedules based on its offered regulation capacity, its bid offer, and its bid price 

for regulation movement. These requirements may lead to a change in the number of total 

hours that an ESR is capable of providing frequency regulation, potentially altering the 

financial health of the project post-Order 841. It is anticipated that the amount of frequency 

regulation time post-Order 841 will not exceed the time set aside for regulation in the pre-

Order 841 period. Therefore, revenues likely would not exceed the levels in the pre-Order 

841 period. Thus, the primary means of achieving break-even or profitable financials is 

by reducing the cost parameters of energy storage; Order 841 will likely not enhance 

revenue streams for this particular project.  

 

Additionally, as described in the pre-Order 841 phase, the largest source of revenues for 

such a resource is the distribution upgrade deferral despite the time contribution being 

only 1% of the total time. However, revenue streams on upgrade deferrals are not linked 

to or dependent on Order 841. In order to make this project in NYISO a profitable 

resource, it may be critical for Con Edison to focus on revenue streams at the end-use 

customer level through services such as demand charge reduction and back-up power 

rather than monetizing services or markets made available by Order 841.  
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6.4 Case Study 4: Solar Plus Storage74 

This case study assesses regulations surrounding dual participation of BTM storage 

projects. Dual participation refers to access to both retail and wholesale revenue streams. 

We studied the Connecticut Municipal Electric Energy Cooperative (CMEEC) and 

SolarCity hybrid storage project for the added complexity of an attached renewable 

resource. In 2016, CMEEC, SolarCity, and Brightfields Development, LLC (Brightfields) 

commissioned a solar plus storage project in southern Connecticut. Brightfields led the 

project origination effort and coordinated permitting and design in partnership with 

SolarCity. The 15 MW (AC) solar PV plant along with a 1.5 MW/6 MWh ESR was the 

largest PV-paired storage system in ISO-NE at the time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 46: 4.75 MW Solar Array Section of CMEEC project in Norwich, CT75 

This project was financed by SolarCity under a 20-year term power purchase agreement 

(PPA). On top of the PPA price, CMEEC pays a fixed monthly services fee to cover the 

entire cost of the ESR system; these fixed costs are spread over a period of ten years. 

 
74 Solar and Storage - Reduce Load and Capacity charges. (2017). 
Tesla. https://www.tesla.com/sites/default/files/pdfs/enrid_US/Tesla_CMEEC-Case%20Study-2017.pdf 
75 Connecticut Community Shared Solar. (n.d.). Brightfields develops solar energy projects for a sustainable future - 
Brightfields Development. https://solarbrownfields.com/projects/connecticut-community-shared-solar-portfolio 



 67 

The SolarCity software platform called GridLogic76 provides CMEEC the ability to use the 

solar plus storage systems as one dispatchable power plant resource. In this case, the 

operations are geared towards optimizing distribution systems and avoiding peak demand 

charges, which act as a proxy to ISO-NE capacity charges. However, in the absence of 

regulations surrounding dual participation, this battery cannot directly bid and participate 

in the wholesale ancillary services market or take advantage of the added solar resource 

for energy arbitrage opportunities in DA and RT Energy Markets. Absence of rules 

regarding dual participation is an aspect that FERC 841 did not address but ISO-NE is 

expected to release dual participation tariffs in a separate filling. 

 

7. STUDY LIMITATIONS 
Our study must be caveated with several limitations. Firstly, the scope of the study did 

not include stakeholder interviews due to time constraints. Conducting interviews with 

market operators in ISO/RTOs, solar developers, storage developers, utility planners, and 

policymakers could be useful in gauging real-world response to Order 841’s directives 

and the associated tariff filings. Secondly, most of the market rules and market maturity 

model analysis were conducted from the perspective of ESR operators. Therefore, the 

study addressed potential impacts, challenges, and opportunities to market regulators 

and policymakers to an extremely limited extent. Finally, the study was highly qualitative. 

Given the nascent and continuously developing nature of responses to Order 841 at the 

time of writing, it would be difficult to quantify market response with any sufficient level of 

accuracy. 

 

8. CONCLUSION 
The value of energy storage is quite considerable, ranging from environmental to 

operational and beyond. As ESR projects continue to come online and provide a greater 

number of applications to the electric grid, more attention will be directed to how storage 

impacts the energy sphere as a whole. FERC Order 841 seeks to standardize and 

 
76 SolarCity unveils new software services for utilities, grid operators. (2016, May 5). Utility 
Dive. https://www.utilitydive.com/news/solarcity-unveils-new-software-services-for-utilities-grid-
operators/418657/ 
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regulate this expansion of ESRs in the United States by requiring storage participation 

models in the 6 ISO/RTOs that FERC regulates.  

 

The purpose of this report is to elucidate the recently proposed storage participation 

models and tariff changes of each of the 6 ISO/RTOs in response to Order 841. By 

analyzing these participation models and rule changes, we generated market maturity 

models at the parameter level that compares each ISO/RTO based on their compliance 

to Order 841 and their friendliness to FTM ESR rollout and operation77. By stepping back 

and aggregating these individual parameter analyses, we were able to assess the 

maturity of each ISO/RTO on the sub-market level: ancillary services, capacity, and 

energy. 

 

Our research demonstrates that for ESRs, CAISO and PJM have the most “Advanced” 

ancillary services markets, PJM has the most “Advanced” capacity market, and CAISO 

has the most “Advanced” energy market. In addition to their relatively mature storage 

rules after Order 841, CAISO and PJM boasted relatively advanced rules pre-Order 841, 

have more ESR projects in their territories, and more robust and established relationships 

among utilities, the grid operators, and storage developers and owners/operators. 

Because of these advantageous factors and as demonstrated by our case studies, ESR 

projects in CAISO and PJM are likely more capable of tapping into services more easily 

post-Order 841. SPP is notable for having more “Basic” ancillary services and capacity 

markets relative to the other ISO/RTOs. Therefore, ESR projects have faced and will likely 

continue to face barriers to participation in SPP and similarly “Basic” markets. 

 

Even though some wholesale power markets such as SPP have a less developed history 

with ESRs than other markets such as PJM, ESR projects will continue to come online in 

all wholesale power markets. This trend, paired with the revised market rules under Order 

841 and increasing penetration of variable renewable energy, may lead to stronger 

relationships among ESR owner/operators, utilities, and the ISO/RTOs as ESR projects 

 
77 It is important to note that while Order 841 applies to both BTM and FTM ESRs, our study focuses primarily on 
FTM ESRs. 
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expand with time and rules evolve. As demand for the services and benefits that ESRs 

provide continues to rise and as the Order 841 market rules get implemented, emerging 

wholesale markets such as SPP have potential for becoming more “Intermediate” or 

“Advanced” in the coming years. Therefore, prospective ESR developers and 

owners/operators should not strictly limit their activities to only the more “Advanced” 

ISO/RTOs like PJM and CAISO. Rather, it may be more advantageous to target the more 

“Basic” and “Intermediate” markets (e.g., SPP, MISO) since these markets are less 

developed and have greater room for ESR development and growth (along with the 

baseline ESR market participation rules Order 841 imposed). 

 

With this information from our study, relevant stakeholders in the wholesale power 

markets such as storage developers and owner/operators can assess each ISO/RTO 

down to the parameter level when deciding which power market is most advantageous to 

a new storage project or an expansion of a current one. For instance, identifying which 

power market and sub-market could offer the greatest number of potential revenue 

streams to an ESR without burdensome regulatory oversight would allow stakeholders to 

make more informed and confident decisions on storage. Zooming out, even though some 

wholesale markets are more developed and primed for ESRs than others, Order 841 

creates a minimum standard for storage participation that all ISO/RTOs must adhere to. 

Simply put, for ESRs, Order 841 grants easier access to and participation in the wholesale 

sub-markets (ancillary services, capacity, and energy), unlocks opportunities for more 

expansive and profitable value stacking, and lowers risk for new market entrants by 

providing clearer market rules. 

 

Future research on Order 841 should enhance this analysis with interviews and 

quantitative modeling using grid simulation software. These additions would provide more 

context and information to the potential impacts of Order 841 by bringing in current 

industry perspectives and numerical projections, respectively. While our study does not 

address these aspects, our maturity models and case studies do provide a valuable first 

step to assessing the wholesale power markets’ position on storage and could point future 
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research or relevant players in the right direction as the energy storage industry continues 

to evolve. 
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