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GROWING ECONOMIC VALUE OF  

ENERGY STORAGE

The value of storage in wholesale markets is rapidly evolving. 

The largest drivers are growth in variable energy resourc-

es (VERs)—like wind and solar power—and the retirement 

of conventional power plants. Storage excels at providing 

flexible balancing services and essential reliability servic-

es (ERSs)2  that grow in importance as the generation mix 

evolves.3 VERs also have greater geographic constraints than 

most conventional generators, which creates greater value 

for storage technologies that avoid costs from transmission 

expansion or upgrades. 

Various energy storage technologies are approaching the 

threshold for commercial viability. Rapid cost reductions, 

along with the increased value of storage services, has 

spurred intense interest in policy reforms to ensure market 

access and market-based compensation for energy storage 

resources. Although the costs of storage technologies con-

tinue to decline rapidly, many remain uneconomic beyond 

niche wholesale applications.4 For example, even lower-end 

cost projections of battery storage remain too high to sup-

port large-scale investment in the wholesale market in the 

near term.5

In contrast, storage applications for hydropower have 

commercial potential to expand at large scale immediate-

ly. Pumped hydropower has been commercially viable for 

decades, and the Energy Department estimates potential for 

another 36 gigawatts.6 Other forms of hydropower have use 

limitations, which result from physical limitations or envi-

ronmental restrictions on operations, that mimic charac-

teristics of other use-limited resources in the storage class. 

At the same time, run-of-river hydropower has operational 

characteristics akin to VERs, which becomes more valuable 

as storage economics improve. 

Hydropower dominates existing storage capacity, which will 

be the primary near-term beneficiary of improving market 

access and compensation for storage resources. Grid opera-

tors traditionally used pumped hydropower to absorb over-

supply from central station plants during periods of low 

demand.7 Given the aforementioned changes in the genera-

tion mix plus the rise of distributed resources, to ensure mar-

ket mechanisms capture the value of storage is very impor-

tant for existing and prospective hydropower. 

A new report by the Brattle Group finds that to increase 

the operational flexibility from existing hydropower could 

provide great value through the reduction of need for new 

investments.8 However, they find that existing hydropower 

cannot or does not provide these full benefits because of a 

lack of market access, operational flexibility, wholesale mar-

ket rules that limit participation and insu!cient valuation of 

avoided transmission and distribution system costs.9 While 
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INTRODUCTION

T
he proper role of electricity regulation is to facili-

tate competition for generation services. However, 

in many cases, existing regulatory regimes sup-

press competition from energy storage resources 

and undervalue grid services where these resources hold 

comparative advantages. This has a particularly constrain-

ing e"ect on hydropower, which comprises the vast major-

ity of deployed storage resources and holds large untapped 

potential.1 Regulatory reform is essential to allow all stor-

age resources to compete on a level playing field and to 

drive voluntary innovation and deployment of cost-e!cient 

 resources. 

Hydropower’s ability to participate as a storage resource 

faces unusually high artificial barriers to entry in whole-

sale power markets. These stem primarily from inadver-

tently discriminatory wholesale market rules and lengthy 

and ambiguous permitting processes. Considering the value 

of storage services is on the rise, reducing artificial barriers 

should have a potent e"ect on market outcomes. 
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this paper addresses wholesale market limitations to hydro-

power storage resources, retail-level reforms are especially 

important to address valuation of storage services for avoid-

ed distribution system costs and certain end-use customer 

benefits. 

MARKET DESIGN CHANGES FOR  

ENERGY STORAGE

The rules that govern wholesale electricity markets emanate 

from a period when few storage resources were economi-

cal at large scale. This has resulted in market designs that 

inadvertently discriminate against energy storage resources 

by imposing artificial barriers to entry and suppressed mar-

ket-based compensation. Recognizing this, in 2018, the Fed-

eral Energy Regulatory Commission (FERC) issued Order 

No. 841 to remove barriers to the participation of storage 

resources in wholesale electricity markets.10 In particular, 

the order required wholesale market administrators and 

operators, also known as Regional Transmission Organiza-

tions (RTOs) or Independent System Operators (ISOs), to 

establish a participation model that facilitates the participa-

tion of storage resources.11 This model must: 

1. Ensure participating storage resources are eligible to 

provide any energy, capacity and ancillary services 

they are technically capable of providing; 

2. Ensure participating storage resources can be dis-

patched and set the market-clearing price; 

3. Account for the physical and operating characteris-

tics of storage resources (e.g., establish rules govern-

ing bidding parameters); and 

4. Establish a minimum size requirement that does not 

exceed 100 kilowatts (kW).12 

Order No. 841 takes a principles-based approach that leaves 

room for di"erent RTO/ISO-specific compliance pathways. 

This permits a degree of regional experimentation that uni-

form prescriptions negate, and this provides value when best 

practices are unclear. At the same time, it creates opportuni-

ties for wide variance in implementation quality across RTO/

ISOs. For example, rules governing bidding parameters may 

treat opportunity costs and o"ers from resources with zero 

marginal fuel costs very di"erently, but still comply with the 

spirit of Order No. 841. 

How RTO/ISOs implement the order will directly affect 

the market value of storage.13 As noted by one storage prac-

titioner, implementation of the order is where the “rubber 

meets the road.”14 Another practitioner noted the resistance 

of incumbents to rule changes in RTO/ISO stakeholder pro-

cesses that allow new technologies to compete.15 This cor-

roborates a paper by the Vermont Law School commissioned 

by the R Street Institute on how the RTO/ISO stakeholder 

processes a"ect market e!ciency.16 

A particular implementation area to watch is the treat-

ment of storage as a capacity market resource. Concepts for 

capacity accreditation for storage resources remain a work 

in progress and will increase in importance as net revenues 

from energy markets decline in an era of inexpensive natural 

gas and increasing VER penetration.17 Deep methodological 

challenges may create capacity compensation uncertainty 

that could escalate investment risk. This is evident in the 

United Kingdom, where abrupt rule changes recently de-rat-

ed capacity accreditation for a category of storage resources 

by 80 percent.18

Order No. 841 implementation is likely to better account for 

characteristics of commercially available storage resources 

and hydropower’s operating features have a comparatively 

higher degree of technological maturity and industry under-

standing. Furthermore, any participation challenges for 

small resources under the order’s minimum size threshold 

will likely impact other storage resources more than hydro-

power. Although some pumped storage concepts fall under 

the 100 kW threshold, these projects will likely connect at 

the distribution, rather than the bulk transmission or whole-

sale level.19 

Generally, existing rules create fewer market access and 

integration problems for pumped storage than other stor-

age resources because RTO/ISOs developed them around 

existing resources. In some cases, rules for pumped stor-

age o"ered the only pathway to participation for all stor-

age resources (as in New England). E"orts to tailor rules 

to pumped hydropower’s unique characteristics actually 

helped provide a template to treat new unconventional 

resources. Much improved utilization of pumped hydro-

power could even occur under existing market rules. For 

FIGURE 1: STORAGE CAPACITY IN RTO/ISO AREAS

SOURCE: derived from analysis by The Brattle Group of SNL and 
other data.
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example, the Brattle Group estimates that storage revenues 

could increase two to five times with improved market par-

ticipation strategies and equipment upgrades.20

Still, existing rules do not account for all unique aspects of 

hydropower storage resources. For example, new adjustable-

speed pumped storage technology has more operational flex-

ibility than considered by rules crafted around traditional 

pumped storage capabilities. As such, thorough compliance 

with Order No. 841 should substantially improve market val-

uation of hydropower storage resources and move it more 

in line with its full wholesale economic value. Altogether, 

given the relative economic advantages of hydropower to 

most other storage resources, even incremental increases to 

their revenue streams could have more market impact than 

proportionately greater revenue stream enhancement to less 

economic storage resources. 

CO-OPTIMIZING GENERATION AND TRANSMIS-

SION PROCESSES

FERC considered incorporation of storage resources in 

transmission planning to be outside the scope of Order No. 

841.21 As such, the rule did not address the ability for stor-

age to serve as, or substitute for, a transmission resource. 

This remains an important area to examine as storage can 

serve as a generation, demand and transmission resource. 

Although generation and transmission have long served as 

complements and substitutes, each has its own planning and 

procurement process largely detached from the other. 

FERC Order No. 1000 intended to give non-transmission 

alternatives, including storage, comparable consideration in 

regional transmission planning processes.22 The RTO/ISOs 

have implemented the Order in various ways, but none e"ec-

tively facilitate competition from non-transmission alterna-

tives.23 Improvements may come, however, from a new FERC 

rulemaking or through piecemeal compliance filings. 

Facilitating competition from non-transmission alterna-

tives is particularly valuable for resources that developers 

can locate near demand centers. This generally lends more 

importance to technologies with few siting restrictions, such 

as batteries, than conventional hydropower, which is geo-

graphically constrained. However, unconventional forms 

of hydropower, such as conduit systems, have potential to 

be located closer to heavily populated areas. As with Order 

No. 841, the relative economic advantages of hydropower to 

other storage resources could make improved transmission 

planning competition especially advantageous for hydro-

power applications. As evidence, the hydropower industry 

sees considerable value in a market structure that recognizes 

the value of storage to provide transmission benefits.24 In 

particular, the industry suggests the inclusion of storage in  

 

regional transmission planning processes under FERC Order 

No. 1000.25 

GROWING VALUE OF ANCILLARY AND  

ESSENTIAL RELIABILITY SERVICES

Incomplete ERS markets and underdeveloped ancillary ser-

vice markets cause market signals to undervalue resources 

that would otherwise provide them in a competitive con-

text.26 Energy storage is particularly well-suited for provid-

ing these services, with hydropower standing out for both 

the breadth of service capabilities and quality (e.g., long 

duration storage). In particular, hydropower o"ers a robust 

suite of service o"erings that include regulation and fre-

quency response, ramping and flexibility reserve, spinning 

reserve, non-spinning (supplemental) reserve, voltage sup-

port, and reactive power and black-start service.27 

Potential shortfalls in ERSs include voltage control, frequen-

cy response and generation ramping,28 which may justify the 

need for dedicated procurement strategies. In theory, market 

mechanisms would provide the most cost-e"ective option 

and with better innovation incentives than a standards-driv-

en approach.29 Conceptual market design for ERSs remains 

a work in progress. If enacted, it would probably result in 

specialized procurement that expands revenue streams to 

storage resources. In contrast, a standards-driven approach 

would likely procure services ine!ciently without sending a 

clear signal of service value to resource developers.30 

HYDROPOWER LICENSING REFORMS

Improvements in market design and transmission planning 

are insu!cient to remove the critical mass of artificial bar-

riers to entry and continued operations that currently face 

hydropower resources. Lengthy and ambiguous permitting 

processes create excessive barriers that render many hydro-

power projects di!cult to finance.31 An R Street Institute 

study that reflected input from several industry consultants 

and former hydropower regulators found that Congress and 

the Trump administration should prioritize the reduction 

of delays and uncertainties in hydropower licensure, which 

mostly result from poor dispute resolution, duplicative pro-

cesses and lack of schedule discipline.32 

The study recommended seven executive actions and five 

joint Congressional and executive actions.33 Most of these 

apply to hydropower generally, however, some actions may 

target storage applications. In particular, storage applica-

tions often have minimal ecosystem e"ects,34  and thus would 

benefit from reforms that exclude de minimis projects from 

licensing and exemption requirements and “right-sizing” 

default regulatory treatment of projects with low, incremen-

tal environmental impact. 
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CONCLUSION

Electricity policy should remain technology-neutral and 

facilitate free competition among all technologies. Howev-

er, regulatory and legislative reforms may necessarily come 

piecemeal and specific to a technology class. Altogether, ben-

eficial reforms will enhance market performance by using 

e!cient incentives to drive voluntary resource investment 

decisions by the private sector. Consistent with this frame-

work, this report finds the following with respect to hydro-

power as a storage resource: 

1. FERC must remain vigilant that RTO/ISOs imple-

ment Order No. 841 e!ciently, which will have a 

large e"ect on the market value of storage overall and 

hydropower in particular.  

2. FERC should revisit how Order No. 1000 facilitates 

competition from non-transmission alternatives 

through a rulemaking or by signaling an interest that 

induces petitioners to initiate a complaint. 

3. FERC should examine the creation of fuel- and 

technology-neutral ERS markets, consistent with the 

Energy Department’s 2017 technical sta" report.35 

4. Congress and the Trump administration should pur-

sue reforms that reduce delays and uncertainties in 

hydropower licensure, especially for projects with 

minimal environmental impact. 

Streamlining permitting processes, improving market access 

and ensuring market-based compensation for hydropower 

as a storage resource provides an insightful case study on 

the benefits of regulatory reform. The speed and quality of 

legislative and regulatory responses will determine whether 

this produces a success story or an example of regulatory 

morass strangling an otherwise productive resource. Bipar-

tisan interest in hydropower reform in Congress, comments 

from the Trump administration and actions at FERC indi-

cate political will may su!ce to achieve the deep reforms 

needed to unleash the full benefits of the most valuable form 

of energy storage today.36 
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