
  

 

WESTERN INTERSTATE ENERGY BOARD 

Barriers to Utility Scale 

Electric Energy Storage 
      
 

Eric Baran, Engineer / Reliability Analyst 

2/28/2017 

 

  



i 

 

 
Acknowledgement 

The information, data, or work presented herein was funded in part by the Colorado Energy 

Office (CEO PO 16-4557) and the Western Interstate Energy Board. 

Critical reviews of this paper by John Fernandes (RES Americas), Ramteen Sioshansi (The Ohio 

State University) and Chris Worley (Colorado Energy Office) are greatly appreciated. 

Disclaimer 

The information, data, or work presented herein was funded in part by an agency of the State of 

Colorado. Neither the State of Colorado, nor United States Government nor any agency thereof, 

nor any of their employees, makes any warranty, express or implied, or assumes any legal 

liability or responsibility for the accuracy, completeness, or usefulness of any information, 

apparatus, product, or process disclosed, or represents that its use would not infringe privately 

owned rights. Reference herein to any specific commercial product, process, or service by trade 

name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its 

endorsement, recommendation, or favoring by the United States Government or any agency 

thereof. The views and opinions of authors expressed herein do not necessarily state or reflect 

those of the United States Government or any agency thereof. 

This Report was prepared as the result of work sponsored by the Colorado Energy Office. It does 

not necessarily represent the views of the Sponsor or its employees. 

 

 

  

      



ii 

 

 
Table of Contents 

Acknowledgement ........................................................................................................................... i 

Disclaimer ........................................................................................................................................ i 

List of Figures ................................................................................................................................ iii 

List of Tables ................................................................................................................................. iii 

Abbreviations ................................................................................................................................. iv 

Executive Summary ........................................................................................................................ v 

Introduction ..................................................................................................................................... 1 

Energy Storage Renaissance ....................................................................................................... 1 

Storage Technologies ...................................................................................................................... 4 

Electro-Mechanical Energy Storage – Pumped Hydroelectric ................................................... 4 

Electro-Mechanical Energy Storage – Compressed Air Energy Storage ................................... 6 

Electro-Mechanical Energy Storage – Flywheel Energy Storage ............................................... 7 

Electro-Chemical Energy Storage – Batteries ............................................................................ 8 

Electro-Thermal Storage - Molten Salt Thermal Storage ......................................................... 11 

Growth and Trends ................................................................................................................... 12 

Barriers to Storage Deployment in the Western Interconnection ................................................. 15 

Cost ........................................................................................................................................... 15 

Business Model / Market Risks ................................................................................................ 19 

Technology Risks...................................................................................................................... 22 

Modeling Challenges ................................................................................................................ 24 

Regulatory and Policy Barriers ................................................................................................. 25 

Conclusion .................................................................................................................................... 28 

Appendix I .................................................................................................................................... 29 

Steps for Energy Storage Modeling .......................................................................................... 29 

 

  



iii 

 

 
List of Figures 

Figure 1 - Levelized Cost of Electricity from utility-scale renewable technologies 2010-2014 .... 2 

Figure 2 - Cost of lithium-ion batteries for electric vehicles .......................................................... 3 

Figure 3 - Diagram of a Pumped Storage Plant .............................................................................. 4 

Figure 4 - Licensed and Pending-License Pumped Storage Projects in the Western U.S. ............. 5 

Figure 5 - Schematic of a Simple Diabatic Compressed Air Energy Storage Facility ................... 6 

Figure 6 - Flywheel Energy Storage Facility .................................................................................. 8 

Figure 7 - Diagram of a Simple Solid-State Battery ....................................................................... 9 

Figure 8 - Simple Schematic of a Flow Battery ............................................................................ 11 

Figure 9 - Schematic of a Concentrated Solar Power Plant with Molten Salt Thermal Storage .. 12 

Figure 10 - Current operational storage capacity in the U.S. by type ........................................... 13 

Figure 11 – New Additional Electric Energy Storage Project Installations 1990-2016 ............... 14 

Figure 12 - Cost components of a lithium-ion battery .................................................................. 18 

Figure 13 - Breakeven capital cost of energy storage devices providing only reserves with no 

capacity value................................................................................................................................ 19 

Figure 14 - PJM Western Hub Historical Yearly On-Peak/Off-Peak Prices ................................ 20 

Figure 15 - Typical Project Timelines .......................................................................................... 23 

 

List of Tables 

Table 1 - Technical Performance of Batteries .............................................................................. 10 

Table 2 - Comparison of Storage Technologies ........................................................................... 15 

  



iv 

 

 
Abbreviations 

AGC  Automatic Generation Control 

CAES  Compressed Air Energy Storage 

CAISO California Independent System Operator 

CNEE  Center for New Energy Economy 

CPUC  California Public Utilities Commission 

DOE  Department of Energy 

EIM  Energy Imbalance Market 

EPRI  Electric Power Research Institute 

FERC  Federal Energy Regulatory Commission 

FES  Flywheel Energy Storage 

Hz  Hertz 

ISO  Independent System Operator 

kW  Kilowatt 

kWh  Kilowatt Hour 

LA  Lead Acid 

Li-ion  Lithium-Ion 

MW  Megawatt 

MWh  Megawatt Hour 

NaS  Sodium-Sulfur 

NiCd  Nickel-Cadmium 

PH  Pumped Hydroelectric 

PJM  PJM Interconnection 

PV  Photovoltaic 

SPOT  State Policy Opportunity Tracker 

U.S.  United States  



v 

 

 
Executive Summary 

There is an electric energy storage renaissance occurring throughout the United States. It 

is being driven by a multitude of factors including the rapid decline in cost and increased 

adoption of variable energy resources such as wind and solar photovoltaics. Additionally, the 

renaissance is being driven by the falling costs of storage technologies and the emerging 

inefficiencies in the electricity markets and operations. 

 There are a wide variety of electric energy storage technologies including electro-

mechanical storage (including pumped hydro, compressed air, and flywheels), electro-chemical 

storage (including solid-state batteries and flow batteries), and electro-thermal storage (including 

molten salt thermal storage or ice thermal storage). Each of the technologies have their 

advantages and disadvantages in storing and expending energy and these characteristics must be 

considered when comparing the technologies. Although pumped hydroelectric storage makes up 

nearly 94 percent of the total electric energy storage capacity in the United States, much of the 

growth in the past ten years has been driven primarily by battery technologies. 

 The primary purpose of this paper is to identify barriers to electric energy storage 

development, especially in the Western Interconnection. To simplify the comparison, only two 

technology types (pumped hydroelectric storage and solid-state lithium-ion battery storage) are 

used to discuss these barriers. The barriers identified include costs, business model / market 

risks, technology risks, modeling challenges, and regulatory and other policy barriers. 

 Cost is one of the most significant barriers to energy storage development. The costs for 

energy storage technologies are changing so rapidly that accurate technology costs can be 

unknown. The costs for pumped hydroelectric storage is mainly associated with the siting, 

permitting, and licensing of new hydro resources, which can take a lot of time and have several 

associated risks. Batteries, on the other hand, require expensive materials and involve higher 

technology costs, but have less risk associated with permitting and siting facilities due to their 

smaller footprints and the capacity of battery storage. Battery costs are decreasing rapidly, 

primarily driven by the transportation sector and electric vehicles and this trend is projected to 

continue.  

 Electric energy storage also suffers from an identity crisis. Energy storage can be 

considered both generation and load, as well as a transmission or distribution asset. This makes it 

difficult to determine the proper value of storage, especially in the two different environments of 

organized wholesale electricity markets and unorganized bilateral markets with vertically 

integrated utilities found throughout the West. The economics of simple energy arbitrage, the 

process of buying energy at low prices and selling at times when prices are high, is not enough to 

recoup costs associated with energy storage because price differences are not typically 

significant enough. Electric energy storage thrives when it can provide more than just profits 
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from energy arbitrage, like providing ancillary services such as regulation or frequency response. 

Organized energy markets with robust ancillary service markets have seen significant 

development of electric energy storage, especially batteries, due to the technologies’ ability to 

provide these ancillary services better than traditional resources. But most of the Western 

Interconnection lacks an organized electricity market. This acts as a barrier to the further 

development of energy storage outside of the market. 

 Other barriers to electric energy storage include inherent technology risks over the 

lifetime of a project and the time it takes to develop and build the storage project. The 

development of a pumped hydroelectric storage project can take as long as 10-15 years to 

complete, but the project is expected to last 30 or more years. Batteries, on the other hand, take 

far less time to develop and build but the lifetime of the project is significantly shorter than a 

large pumped hydroelectric facility. This means that the payback rates for the different 

technologies may need to be significantly different. 

 Current modeling methodologies have a difficult time properly capturing the benefits and 

usage of storage and tend to undervalue electric energy storage resources. Electric energy storage 

is difficult to model because: storage can act both like load and generation; batteries can ramp 

very quickly and switch between charging and discharging multiple times within an hour; all 

storage is limited in the amount it can discharge over time; and all storage requires time to 

recharge. Current modeling approaches are analytical, but tend to fall short holistically. In 

analytic modeling, the approach is to consider each component of the system and its contribution 

individually, and then assemble the whole system based on the individual parts; representing a 

bottom up approach. A holistic approach looks at the big picture and how storage can fit into the 

system as a whole. Proper modeling of energy storage resources that can change output 

instantaneously requires high computational bandwidth and it is difficult to model both the 

technical performance and the financial performance of the storage device. 

Policy barriers exist extensively in the electric energy storage industry. Policy barriers 

can arise from a lack of policies that encourage the use of new technologies (like energy storage) 

to fix emerging problems (like increased variable resources). Policy barriers can stem from old 

regulations that do not necessarily capture the complex attributes of energy storage or 

cumbersome regulations that are not coordinated throughout the system. Some state and federal 

agencies are leading the way to address policy barriers to energy storage. Additionally, some 

utilities are creating their own internal policies to study electric energy storage opportunities and 

address emerging challenges on their systems. 

 Although there has been a recent increase in the implementation of electric energy 

storage on the electric grid, barriers to deployment still remain. If some of these barriers are 

removed, the advancement of electric energy storage deployment is likely to accelerate. 
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Introduction 

Energy Storage Renaissance 

 The United States (“U.S.”) is experiencing an electric energy storage renaissance that is 

being driven by many factors. One of main drivers of the electric energy storage renaissance is 

the rapidly declining cost of variable renewable energy generating resources like wind and solar 

photovoltaics (“PV”). This has led to the adoption of additional renewable resources into the 

resource mix driven by both political mandates and customer preferences. States like California, 

Oregon and New York have recently implemented renewable portfolio standards requiring that, 

as early as 2030, at least 50 percent of energy generated must come from renewable resources.1  

Some other states, like Hawaii, have implemented even more aggressive standards. Many states, 

like California, have experienced an explosion in consumer-driven, behind-the-meter distributed 

energy resources interconnecting with the electric system. The Western Interconnection has seen 

nearly an 85 percent increase in rooftop solar capacity from 2014 to 2015 and an average net 

increase of 115 megawatt (“MW”) per month in generating capacity through 2015.2 This 

increase in the capacity of renewable generation like wind and solar PV is made possible because 

the cost of renewable technologies has drastically decreased over the past five years, making 

these resources, in some cases, competitive with conventional resources as illustrated in Figure 1.  

Figure 1 shows the Levelized Cost of Energy from non-fossil fuel resources from 2010 to 2014, 

demonstrating the rapid decrease in the cost of resources like solar PV and wind, superimposed 

on the cost range for fossil fuel power.  

  

                                                 
1 Renewable Portfolio Standard Policies, Database of State Incentives for Renewables and Efficiency, August 2016, 

http://ncsolarcen-prod.s3.amazonaws.com/wp-content/uploads/2014/11/Renewable-Portfolio-Standards.pdf 
2 2016 State of the Interconnection, Western Electricity Coordinating Council, June 10, 2016, 

https://www.wecc.biz/Reliability/2016%20SOTI%20Final.pdf  

http://ncsolarcen-prod.s3.amazonaws.com/wp-content/uploads/2014/11/Renewable-Portfolio-Standards.pdf
https://www.wecc.biz/Reliability/2016%20SOTI%20Final.pdf
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Figure 1 - Levelized Cost of Electricity from utility-scale renewable technologies 2010-20143 

 As renewables become cost competitive with conventional resources and policies call for 

the development of more and more renewable generation, the operation of the electric system 

using these inherently variable resources can be problematic and is becoming increasingly more 

complicated. In some cases, this has led to the need for additional energy storage in our electric 

system. At small penetrations, there are few issues with reliably integrating variable energy 

resources like wind and solar into the system. But as penetration levels increase, that integration 

becomes much more challenging and the system becomes more complex as system operators 

must simultaneously balance supply and demand (generation and load). At times of over 

generation from resources like wind and solar, which are provided by essentially free but 

uncontrollable/un-storable fuel sources, there is an opportunity to store electricity for use when 

the sun is not shining or the wind is not blowing.  Over generation has motivated further research 

and development, resulting in cost decreases for various storage technologies. For example, the 

cost of lithium ion (“Li-ion”) batteries, driven primarily by advances in the transportation sector 

(i.e. electric cars), has decreased by nearly 300 percent in the 10 years from 2005 to 2015 and 

future cost estimates project a continued decrease, as seen in Figure 2. 

                                                 
3 Renewable Power Generation Costs in 2014, International Renewable Energy Agency, 2015, 

http://www.irena.org/documentdownloads/publications/irena_re_power_costs_2014_report.pdf  

http://www.irena.org/documentdownloads/publications/irena_re_power_costs_2014_report.pdf
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Figure 2 - Cost of lithium-ion batteries for electric vehicles4 

 The declining cost of storage technologies and emerging inefficiencies in the operation of 

the electric grid and energy markets are causing the energy storage renaissance. 

  

                                                 
4 B. Nykvist, M. Nilsson, Rapidly falling costs of battery packs for electric vehicles, Nature Climate Change April 

2015, March 23, 2015, http://www.nature.com/nclimate/journal/v5/n4/full/nclimate2564.html  

http://www.nature.com/nclimate/journal/v5/n4/full/nclimate2564.html
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Storage Technologies 

 Storage technologies are not necessarily new, but the recent resurgence is a result of 

advances in engineering and material sciences. Basic storage technology classes include electro-

mechanical storage (including pumped hydro, compressed air, and flywheels), electro-chemical 

(including solid-state batteries and flow batteries), and electro-thermal storage (including molten 

salt thermal storage or ice thermal storage). 

Electro-Mechanical Energy Storage – Pumped Hydroelectric 

Pumped hydroelectric energy storage facilities store energy by pumping water into a 

reservoir at a high elevation from a reservoir at a lower elevation. The potential energy is 

converted into electrical energy by releasing the stored water though a turbine to spin a generator 

shaft. During periods of low demand, typically when wholesale electricity prices are low, pumps 

are used to refill the upper reservoir. Water is typically discharged from the upper reservoir when 

demand and wholesale electricity prices are high. Pumped storage facilities range in capacity 

from a few hundred megawatts to over 1400 MW and can either be closed-loop (not connected 

with a natural flowing stream or river) or open looped. Typically, the net production of a pumped 

storage facility equals about 80 percent of the energy used to pump water into the upper 

reservoir. Figure 3 illustrates the basic components of a pumped storage facility. 

 

Figure 3 - Diagram of a Pumped Storage Plant5 

The advantage of pumped hydroelectric energy storage is that it is a mature technology, 

and therefore a fairly inexpensive way to store a large amount of energy. The round-trip 

                                                 
5 Diagram of a Pumped Storage Project, FERC courtesy of Tennessee Valley Authority, 

http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/diagram-pump.asp  

http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/diagram-pump.asp
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efficiency is fairly high, at around 80 percent. The disadvantage of this technology is that it is 

site dependent and there are not many potential sites throughout the U.S that have not already 

been used. Even at a potential site, the environmental impacts and water usage would be 

significant and must be studied and debated. 

In the Western U.S., there are eight Federal Energy Regulatory Commission (“FERC”) 

licensed pumped storage projects in operation, with a generating capacity totaling nearly 5,000 

MW.6 Pumped storage projects with nearly another 1,800 MWs are expected to come online in 

the West, pending FERC licensing.7 Figure 4 shows the location and approximate size of new 

and existing pumped hydroelectric energy storage facilities in the West. In total there are 24 

pumped hydroelectric energy storage facilities, totaling nearly 16,500 MWs, in operation 

throughout the U.S., but the facilities are old and many were built and authorized over 30 years 

ago. There are some conventional hydroelectric facilities that are also authorized to pump and 

store water in reservoirs during certain seasons of the year, adding to the total pumped storage 

capacity in the United States. 

 

Figure 4 - Licensed and Pending-License Pumped Storage Projects in the Western U.S. 

                                                 
6 Licensed Pumped Storage Projects, FERC Staff, April 1, 2016, http://www.ferc.gov/industries/hydropower/gen-

info/licensing/pump-storage/licensed-projects.pdf 
7 Pending Licenses and Relicenses for Pumped Storage Projects, FERC Staff, April 1, 2016, 

http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/pending-licensed.pdf 

http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/licensed-projects.pdf
http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/licensed-projects.pdf
http://www.ferc.gov/industries/hydropower/gen-info/licensing/pump-storage/pending-licensed.pdf
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Electro-Mechanical Energy Storage – Compressed Air Energy Storage  

 Compressed air energy storage (“CAES”) facilities store energy by using excess 

electricity to drive a motor which runs compressors that inject air into a storage vessel (i.e. either 

a natural underground cavern or an above ground tank). The energy is stored as kinetic energy, 

i.e., air particles stored at high pressure. To generate electrical energy, the compressed air is 

heated and expanded through a turbine which drives a generator. The compression process 

creates heat energy because the original volume of air is confined to a smaller space and the air 

molecules are more concentrated. In a poorly insulated vessel, the compressed air loses energy, 

in the form of heat to the surrounding environment. When the air is released, it cannot expand 

from its compressed state back to the volume it previously occupied because of the lost energy. 

Expanding the air back to its previous volume requires additional heat from the surrounding 

environment. This is why blowing compressed air over skin feels cold. To improve the efficiency 

of the process, the heat created during the compression process can be captured through heat-

exchangers and stored in a medium that has a higher heat capacity than air (for example water). 

The heat is later transferred back to the air before the air is released and expanded through a 

turbine, resulting in less energy being lost to the environment. This is called adiabatic storage. 

Diabatic storage requires fuel to be added during the process to heat the expanding air. Currently 

there are no commercially operational facilities using adiabatic storage. Figure 5 illustrates a 

simple diabatic compressed air energy storage facility. 

 

Figure 5 - Schematic of a Simple Diabatic Compressed Air Energy Storage Facility8 

 The advantages of CAES is that it is capable of storing large amounts of energy, on the 

range of hundreds of megawatts, like pumped hydroelectric energy storage. A disadvantage is 

that currently the round-trip efficiency is around 70 percent, which is lower than most other 

                                                 
8 Diabatic Compressed Air Energy Storage, European Association for Storage of Energy, http://ease-storage.eu/wp-

content/uploads/2016/07/EASE_TD_Mechanical_DCAES.pdf  

http://ease-storage.eu/wp-content/uploads/2016/07/EASE_TD_Mechanical_DCAES.pdf
http://ease-storage.eu/wp-content/uploads/2016/07/EASE_TD_Mechanical_DCAES.pdf
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storage technologies. Another disadvantage is that proper geology, with sealed storage caverns, 

are required because above-ground tanks have yet to be proven commercially viable. Also, the 

only commercially available CAES facilities use a diabatic process that requires additional fuel 

to complete the process. 

Today, there are only two CAES facilities in commercial operation throughout the world; 

a 290 MW plant located in Huntorf, Germany, and a 110 MW facility located in McIntosh, 

Alabama. Both are diabatic storage facilities requiring fuel, like natural gas for combustion, to 

provide the heat necessary to complete the expansion process. As part of the recent energy 

storage renaissance, there are many more CAES facilities being studied or developed throughout 

the West, including a 1,200 MW proposed CAES facility at the Intermountain Power Project site 

in Delta, Utah.9 The U.S. Department of Energy has provided matching funds from the American 

Recovery and Reinvestment Act of 2009 stimulus package to Pacific Gas and Electric Co. to 

build and validate the design, performance, and reliability of an advanced, underground 300 MW 

CAES facility near Bakersfield, California.10 Further demonstrations and improvements in 

efficiency may lead to more commercially viable CAES facilities, but siting challenges may limit 

the potential of CAES. 

Electro-Mechanical Energy Storage – Flywheel Energy Storage 

 Flywheel energy storage (“FES”) systems store energy in the form of the kinetic energy 

of a rotating mechanical device called a flywheel. The flywheel spins within a vacuum chamber 

on low friction ball bearings and a reversible electrical motor/generator either accelerates the 

flywheel to store energy or decelerates the flywheel to extract energy. The amount of kinetic 

energy stored within a flywheel is dependent on the rotational speed, mass and diameter of the 

flywheel. FES systems have high cycle efficiencies with only about 5 percent of the total energy 

lost from charge to discharge, relatively high power density, low amount of storage capability 

degradation after many cycles (making flywheels capable of many full discharge cycles), and 

low maintenance requirements.11 Flywheels have the ability to produce high power output and 

can ramp very quickly, but typically cannot sustain the output for long and, therefore, flywheels 

are better for ancillary service applications like regulation and frequency response. Regulation 

and frequency response is the control of second-by-second changes in demand and generation 

that must always remain balanced to maintain system frequency. The amount of energy that can 

                                                 
9 Miser, T., The Intermountain Energy Storage Project. Power Engineering Magazine. April, 19, 2016 

http://www.power-eng.com/articles/print/volume-120/issue-4/features/the-intermountain-energy-project.html  
10 ARRA Energy Storage Demonstrations. US DOE. April 22, 2011. 

http://www.sandia.gov/ess/docs/ARRA_StorDemos_4-22-11.pdf 
11 Luo, X., et. al., Overview of Current Development in Electrical Energy Storage Technologies and the Application 

Potential in Power System Operation, School of Engineering, Applied Energy Vol. 137, pg. 511-536, 2015, 

http://www.sciencedirect.com/science/article/pii/S0306261914010290  

http://www.power-eng.com/articles/print/volume-120/issue-4/features/the-intermountain-energy-project.html
http://www.sandia.gov/ess/docs/ARRA_StorDemos_4-22-11.pdf
http://www.sciencedirect.com/science/article/pii/S0306261914010290
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be stored in a flywheel is a function of the square of the rotational speed of the flywheel, making 

higher rotational speeds desirable. Figure 6 illustrates a typical flywheel energy storage facility. 

 

Figure 6 - Flywheel Energy Storage Facility12 

 The advantages of FES are that the technology has low environmental impact, low 

maintenance and long lifetimes. FES facilities have very fast ramp rates and response times, 

making them extremely important in high power, low energy applications like smoothing 

variable resources. One disadvantage is that FES facilities have low energy capacity, in the range 

of 100 kW to 1 MW. FES can also lose energy due to friction in the flywheel, making it difficult 

to store energy for long periods of time. 

Presently, there are approximately 58 MWs of flywheel applications in operation 

throughout the U.S., with only about 3.5 MWs in the Western part of the U.S.13 Almost all FES 

facilities in the U.S. operate within organized wholesale electricity markets that have robust 

ancillary service markets. FES facilities are becoming more prevalent with increasing variability 

on the system driven by an increasing integration of renewable resources. 

Electro-Chemical Energy Storage – Batteries 

Batteries store energy in the form of chemical energy. Chemical reactions in batteries 

cause electrons to build on the anode (negative terminal) of a battery. This creates electrical 

potential between the anode and the cathode (positive terminal). Electrons built up on the anode 

are unstable and want to rearrange and move toward the cathode. In a solid-state battery, an 

electrolyte separates the anode and cathode and keeps the electrons on the anode from moving 

straight through to the cathode. When a circuit is completed between the anode and cathode (via 

                                                 
12 Luo, X., et. al., Overview of Current Development in Electrical Energy Storage Technologies and the Application 

Potential in Power System Operation, , Applied Energy Vol. 137, pg. 511-536, 2015, 

http://www.sciencedirect.com/science/article/pii/S0306261914010290 
13 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/ 

http://www.sciencedirect.com/science/article/pii/S0306261914010290
http://www.energystorageexchange.org/
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a wire), there is an easy path for the electrons to flow, as illustrated in Figure 7. Chemical 

reactions in the battery change the chemical make-up of the anode and cathode as the electrons 

flow, which gradually reduces the supply of electrons that can flow from the anode to the 

cathode and subsequently reduces the amount of power available in the battery. To “recharge” a 

solid-state battery, another power source is used to change the flow of electrons and reverse the 

chemical process to restore the electrical potential between the anode and cathode.14 

 

Figure 7 - Diagram of a Simple Solid-State Battery15 

 The materials that make up the anode and cathode of the battery, as well as the 

electrolyte, drive the properties of batteries. Table 1 outlines the properties of typical battery 

types based on materials that make up the components. The most established solid-state batteries 

are: Sodium-Sulfur (“NaS”), Lithium-ion (“Li-ion”), Nickel-Cadmium (“NiCd”), and Lead-Acid 

(“LA”). The advantages of batteries for energy storage is largely dependent on the type of battery 

and cost considerations. Batteries, in general, have fairly high efficiencies, around 70 to 90 

percent. They can also be fairly energy dense and can switch almost instantaneously between 

charging and discharging with high ramp rates. The disadvantage is that batteries have been 

more expensive in the past compared to with other storage technologies, but the costs are 

decreasing. Also, batteries tend to have short lifetimes, but improvements in technologies are 

extending lifetimes. Some batteries also have safety and environmental concerns associate with 

them. 

                                                 
14 How do batteries work? Northwestern University, http://www.qrg.northwestern.edu/projects/vss/docs/power/2-

how-do-batteries-work.html (Northwestern University) 
15 How do batteries work? Northwestern University, http://www.qrg.northwestern.edu/projects/vss/docs/power/2-

how-do-batteries-work.html (Northwestern University) 

http://www.qrg.northwestern.edu/projects/vss/docs/power/2-how-do-batteries-work.html
http://www.qrg.northwestern.edu/projects/vss/docs/power/2-how-do-batteries-work.html
http://www.qrg.northwestern.edu/projects/vss/docs/power/2-how-do-batteries-work.html
http://www.qrg.northwestern.edu/projects/vss/docs/power/2-how-do-batteries-work.html
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Table 1 - Technical Performance of Batteries16 

Flow batteries work similarly to solid-state batteries, described above. The fundamental 

difference is that energy is stored as the electrolyte in flow batteries whereas energy is stored on 

the electrode material in solid-state batteries. A flow battery uses chemical reactions to charge 

and discharge. To discharge a flow battery, a negative electrolyte fluid (anolyte) is pumped into 

the cell of a battery on the negative (anode) side of the battery. A membrane separates another 

electrolyte on the positive (catholyte) side of the battery and the flow of the electrolytes creates 

an oxidation reaction, which is a chemical reaction that results in the loss of an electron, 

subsequently creating a free electron on the negative (anode) side of the battery. The free 

electron moves through the completed circuit and is accepted on the positive (cathode) side of 

the battery via a reduction reaction, which is a chemical reaction that results in the acceptance of 

an electron. Figure 8 illustrates the process of a flow battery.  

The power that can be extracted from a flow battery is based on size and number of 

electrodes in the cells of the battery. The advantage of flow battery systems over conventional 

solid-state batteries is that energy storage capacity is only limited by the size of the electrolyte 

storage reservoirs. The disadvantage is that flow batteries are less energy dense than 

conventional solid-state batteries. For example, a similarly sized conventional solid-state battery 

                                                 
16 Leading the Energy Transition Fact Book – Electricity Storage, SBC Energy Institute, September 2013, 

http://www.sbcenergyinstitute.com/_/media/Files/SBC%20Energy%20Institute/SBC%20Energy%20Institute_Electr

icity_Storage%20Factbook_vf1.pdf  

http://www.sbcenergyinstitute.com/_/media/Files/SBC%20Energy%20Institute/SBC%20Energy%20Institute_Electricity_Storage%20Factbook_vf1.pdf
http://www.sbcenergyinstitute.com/_/media/Files/SBC%20Energy%20Institute/SBC%20Energy%20Institute_Electricity_Storage%20Factbook_vf1.pdf
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may provide five times the power. Flow batteries also rely on pumps, which consume additional 

energy and can experience mechanical failure.17 

 

Figure 8 - Simple Schematic of a Flow Battery18 

Presently, there are approximately 535 MWs of solid-state battery storage facilities in 

operation throughout the United States, with 78 MWs located within the Western 

Interconnection. Facilities in California make up approximately 70 percent of the solid-state 

battery facilities in the Western Interconnection. Lithium-based batteries make up approximately 

75 percent of the battery storage capacity within the U.S., followed by lead-acid batteries (15 

percent), sodium-based batteries (5 percent), and nickel-based batteries (5percent).19 According 

to data from the Department of Energy Global Energy Storage Database, there are approximately 

20 flow battery facilities in commercial operation in the U.S., making up approximately 32.8 

MWs of capacity. 

Electro-Thermal Storage - Molten Salt Thermal Storage 

 Thermal storage stores energy either in the form of heat; either sensible heat or latent 

heat. Sensible heat is when an object is heated, the temperature rises and, conversely, when heat 

is removed, the temperature falls. Latent heat is heat that causes changes in the state of a 

                                                 
17 Batteries and Technologies – Flow Batteries, Electropedia, http://www.mpoweruk.com/flow.htm  
18 Wicker, K., Big Batteries Blooming, Platts, February 5, 2015, 

https://online.platts.com/PPS/P=m&s=1029337384756.1478827&e=1109179543321.3211354954247070912/?artnu

m=b200S50U210130Wpg9tD01_1  
19 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/ 

http://www.mpoweruk.com/flow.htm
https://online.platts.com/PPS/P=m&s=1029337384756.1478827&e=1109179543321.3211354954247070912/?artnum=b200S50U210130Wpg9tD01_1
https://online.platts.com/PPS/P=m&s=1029337384756.1478827&e=1109179543321.3211354954247070912/?artnum=b200S50U210130Wpg9tD01_1
http://www.energystorageexchange.org/
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substance but not necessarily the temperature. For example, water remains at 100 degrees 

Celsius when boiling and the heat added to keep the water boiling is latent heat.  

Molten salt thermal storage is used in concentrated solar power plants to capture heat 

from the sun and to store it in a salt mixture medium. The mixture melts at around 230 degrees 

Celsius and the liquid can be pumped through a system to transfer heat, via heat exchangers, to 

water and create steam to drive a steam turbine to generate electricity. The advantage of using 

molten salt in the process is that by keeping the hot molten salt in a well-insulated tank, energy 

can be stored and used at times when it needed. For example, this energy can be used after the 

sun goes down, acting like a solar heat battery. This heat can be stored for up to a week if well 

insulated. 

 

Figure 9 - Schematic of a Concentrated Solar Power Plant with Molten Salt Thermal Storage20 

 Facilities that use molten salt thermal storage are large, ranging in size from 100 to 250 

MWs. There are four operational concentrated solar power plants with molten salt thermal 

storage in the U.S., making up approximately 541 MWs of capacity. 21 

Growth and Trends 

 In the United States, pumped hydroelectric energy storage makes up approximately 94 

percent, or 22,560 MW, of the total energy storage capacity in the U.S. (24,560 MW total).  Of 

                                                 
20 Molten Salt for Heat Storage, The Renewable Energy UK, http://www.reuk.co.uk/wordpress/heating/molten-salt-

for-heat-storage/  
21 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/ 

http://www.reuk.co.uk/wordpress/heating/molten-salt-for-heat-storage/
http://www.reuk.co.uk/wordpress/heating/molten-salt-for-heat-storage/
http://www.energystorageexchange.org/


13 

 

 
the remaining 6 percent of energy storage capacity in the U.S., thermal-storage makes up 

approximately 53 percent (or 820 MW), followed by electro-chemical at 37 percent (or 570 

MW), and electro-mechanical (not including pumped hydroelectric energy storage) at 11 percent 

or (171 MW).22 Figure 10 illustrates the current energy storage capacity in the U.S. 

 

Figure 10 - Current operational storage capacity in the U.S. by type23 

 Over the past 20 years, the growth in electric energy storage capacity has come primarily 

through electro-chemical energy storage and large-scale thermal storage associated with large 

concentrated solar facilities. While pumped hydroelectric storage remains the largest source of 

energy storage, most pumped hydroelectric energy storage in the U.S. was built and 

commissioned prior to 1996, primarily during the 1960s, 1970s and early 1980s. Therefore, the 

following chart in Figure 11 shows very little incremental increase in pump hydroelectric energy 

storage. Trends indicate that the growth of electro-chemical energy storage will continue, but 

jumps in thermal storage are primarily driven by large concentrated-solar facilities coming online 

in 2013 and 2016.24 

                                                 
22 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/  
23 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/  
24 The Solana Generating Station, a 280 MW concentrated solar power facility with molten salt thermal energy 

storage in Gila Bend, Arizona, was commissioned in 2013. The Crescent Dunes Solar Energy Project, a 110 MW 

concentrated solar power facility with molten salt thermal energy storage in Tonopah, Nevada, was commissioned in 

late 2015. 

http://www.energystorageexchange.org/
http://www.energystorageexchange.org/
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Figure 11 – New Additional Electric Energy Storage Project Installations 1990-201625 

Despite the recent resurgence in the development of electric sector storage technologies, 

there remain barriers such as high technology costs, outdated business models, inadequate 

technical modeling, and insufficient supporting policies that are obstructing increased 

development and deployment of energy storage on the grid. 

  

                                                 
25 DOE Global Energy Storage Database, Department of Energy – Office of Electricity Delivery & Energy 

Reliability, Accessed on August 27, 2016, http://www.energystorageexchange.org/  

http://www.energystorageexchange.org/
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Barriers to Storage Deployment in the Western Interconnection 

 All of the energy storage technologies have different characteristics that make each 

technology unique and advantageous in different applications. Therefore, barriers associated with 

storage deployment can be very different depending on the technology. Table 2 shows, at a high 

level, a comparison of the different technologies presented in the paper. 

 

Table 2 - Comparison of Storage Technologies26 

To simplify the identification of barriers to electric energy storage, this paper will 

compare and contrast barriers associated with pumped hydroelectric storage facilities and solid-

state lithium-ion battery facilities. These two technologies were chosen because: (1) pumped 

hydro is a traditional and highly developed technology, but new or recent development has 

slowed; (2) battery storage has seen a recent increase in development driven primarily by 

consumer electronics and the transportation sector; (3) both technologies are significantly 

different and have advantages and disadvantages making them a preferred storage resource in 

different applications. Where applicable, this paper will also discuss barriers associated with 

energy storage in general, rather than the specific technology. 

Cost 

 One of the most significant barriers to the development of new storage facilities are the 

high costs necessary to study, permit, license, design, build and operate new facilities. These 

costs are not insurmountable, but uncertainty about the monetary value and cost recovery that 

can be provided make investments into new storage facilities risky for investors and developers. 

                                                 
26 Gambi Chiang, What Happens when the Wind doesn’t Blow? BSRIA Worldwide Market Intelligence, April 2014, 

https://www.bsria.com/news/article/what-happens-when-the-wind-doesnt-blow/  

https://www.bsria.com/news/article/what-happens-when-the-wind-doesnt-blow/
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Many times in the past, developers and utilities have evaluated the potential for new storage 

facilities to provide a multitude of services, but high technology costs have prevented economic 

justification of such investments. As the resource mix on the grid, as well as customer 

preferences, continue to change, the value of energy storage in certain applications is becoming 

better defined and, in some cases, economically justifiable. Regardless, the costs associated with 

new storage facilities continue to represent a challenge to further development of these types of 

resources. 

 When comparing pumped hydroelectric energy storage facilities and lithium-ion battery 

storage facilities, technology costs are prohibitive in different ways due to the different scale of 

the two technologies. Typically, the generating capacity of pumped hydro facilities ranges from 

100 to 1000 MWs, compared to solid-state Li-ion battery systems which have a generating 

capacity of only 10s of MWs. Therefore, the high costs associated with each technology can be 

traced back to very different issues. 

 Pumped hydroelectric energy storage is a well-established technology that has been part 

of the electric system since the 1930s.27 Much of the cost for a pumped storage facility is 

associated with the siting, permitting, and licensing of new hydro resources. There is enhanced 

awareness of impacts associated with the construction of large dams and reservoirs on existing 

river ecosystems. Developers and regulators must consider the impacts of a hydropower facility 

on land use, wildlife, the local community and the entire aquatic system. Developers must work 

with stakeholders, including environmentalists, community members, scientists, regulators, etc., 

to minimize the impacts of the facility. This can take a lot of time and significantly increase 

project costs.28  

One way to reduce the impact of a pumped hydroelectric storage facility on the aquatic 

ecosystem is to develop a closed-looped, rather than open-looped, facility. In a closed-loop 

facility, reservoirs are isolated from a free-flowing water source and the existing aquatic 

ecosystem. Prior to 2013, the regulatory timeline for a new FERC license could surpass three to 

five years before the developer would receive authorization to begin project construction. The 

Hydropower Regulatory Efficiency Act of 2013 directed FERC to investigate the feasibility of a 

two-year licensing process for hydropower development at non-powered dams and closed-loop 

pumped storage projects.29 An expedited FERC-licensing process could significantly reduce the 

                                                 
27 The Rocky River Pumped Storage Hydraulic Plant was the first pumped storage facility in the U.S., completed in 

1929 in New Milford, CT. 
28 Pumped Storage Development Council Challenges and Opportunities For New Pumped Storage Development, 

National Hydropower Association, 2012,  http://www.hydro.org/wp-

content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf  
29 Hydropower Regulatory Efficiency Act of 2013, H. R. 267 – 113th Congress, August 9, 2013, 

http://www.ferc.gov/legal/fed-sta/bills-113hr267enr.pdf  

http://www.hydro.org/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://www.hydro.org/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://www.ferc.gov/legal/fed-sta/bills-113hr267enr.pdf
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time and financial resources needed to develop a closed loop pumped storage facility. Another 

potential barrier is that, even after the developer receives regulatory approval, construction of a 

new facility can take between five and ten years. Financial institutions may be unwilling to 

finance these long-lead time projects. Although pumped storage hydropower project costs vary 

according to site conditions, the estimated overall cost of a large pumped hydro facility is 

between $1,500 to $2,500/kW, or $1.5 to $2.5 billion for a 1000 MW facility. 30 Smaller facilities 

can be more expensive per kilowatt and these costs do not necessarily include transmission 

interconnection and upgrading costs. 

 Batteries, on the other hand, require costlier materials and involve higher technology 

costs. However, permitting and siting costs are far less expensive because battery bank footprints 

are small compared to a hydroelectric facility. In two very competitive fields, the consumer 

electronic and transportation sectors, battery manufacturing cost structure is highly guarded, 

proprietary information. Material costs make up nearly 60 percent of a battery’s overall cost, as 

illustrated in Figure 12. Lithium-ion batteries are made using lithium-cobalt oxide cathodes or 

nickel-cobalt-aluminum cathodes and the price of raw cobalt, for example, is presently around 

$10-13 per pound.31 That translates to nearly $10 to $15 per kWh just to cover the cost of raw 

materials included within the cathode. Overhead accounts for another large portion of overall 

costs (30 percent) and includes things like capital depreciation, energy costs, research and 

development, sales, etc.32 But with an increase in demand and battery production, economies of 

scale can cause overhead costs to potentially decrease significantly. Additionally, once large 

electric car batteries degrade over time and lose their useful life as a car battery, used batteries, 

which may be able to still hold 70 percent of their useful energy, can be repurposed for grid 

storage applications at potentially a fraction of the cost of a new battery.33 

                                                 
30 Pumped Storage Development Council Challenges and Opportunities For New Pumped Storage Development, 

National Hydropower Association, 2012,  http://www.hydro.org/wp-

content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf  
31 1 Year Cobalt Prices and Price Charts, InvestementMine, October 1, 2015 – October 7, 2016, Accessed: October 

10, 2016, http://www.infomine.com/investment/metal-prices/cobalt/1-year/  
32 The Cost Components of a Lithium Ion Battery, Qnovo Inc., January 11, 2016, http://qnovo.com/82-the-cost-

components-of-a-battery/  
33 K. Fehrenbacher, The Big Potential of Used Electric Car Batteries, Fortune – Alternative Energy, (Updated Aug 

25, 2016), http://fortune.com/2016/08/25/used-electric-car-batteries/  

http://www.hydro.org/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://www.hydro.org/wp-content/uploads/2014/01/NHA_PumpedStorage_071212b12.pdf
http://www.infomine.com/investment/metal-prices/cobalt/1-year/
http://qnovo.com/82-the-cost-components-of-a-battery/
http://qnovo.com/82-the-cost-components-of-a-battery/
http://fortune.com/2016/08/25/used-electric-car-batteries/
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Figure 12 - Cost components of a lithium-ion battery34 

Although driving down component costs of Li-Ion batteries is the focus of research 

and development, battery costs have already fallen significantly in recent years. Overall 

battery costs have fallen two-thirds since 2010, to approximately $350 per kWh, with 

estimates that battery costs will reach $120 per kWh by 2030.35 In practice, however, utilities 

are finding that equipment costs remain prohibitively high. Additionally, utilities view new 

energy storage technologies, like Li-Ion batteries, unfavorably because of early adoption 

risks and still view traditional natural gas resources more favorably because costs are better 

known.36  

However, batteries show promise for becoming cost competitive with traditional 

resources when providing ancillary services. Figure 13 shows the breakeven capital cost for a 

storage device providing either regulation or spinning reserves only. Comparing this figure to 

the cost reduction projection in Figure 2 (on page 3) shows that costs have already reached 

the breakeven range for a 100 MW device ($400/kW - $1,000/kW). 

                                                 
34 The Cost Components of a Lithium Ion Battery, Qnovo Inc., January 11, 2016, http://qnovo.com/82-the-cost-

components-of-a-battery/  
35 Electric Vehicles To Be 35% Of Global New Car Sales By 2040, Bloomberg New Energy Finance, February 25, 

2016, http://www.prnewswire.com/news-releases/electric-vehicles-to-be-35-of-global-new-car-sales-by-2040-

300225689.html  
36 Avista Corp 2015 IRP http://user-3golrxp.cld.bz/Avista-s-2015-Electric-IRP#124  

http://qnovo.com/82-the-cost-components-of-a-battery/
http://qnovo.com/82-the-cost-components-of-a-battery/
http://www.prnewswire.com/news-releases/electric-vehicles-to-be-35-of-global-new-car-sales-by-2040-300225689.html
http://www.prnewswire.com/news-releases/electric-vehicles-to-be-35-of-global-new-car-sales-by-2040-300225689.html
http://user-3golrxp.cld.bz/Avista-s-2015-Electric-IRP#124
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Figure 13 - Breakeven capital cost of energy storage devices providing only reserves with no capacity value37 

Business Model / Market Risks 

 Although high costs remain one of the main barriers to developing more electric energy 

storage capacity in the industry, the lack of cost recovery mechanisms and lack of a defined 

value proposition of storage is significant as well. Energy storage suffers from an identity crisis 

of being generation and load as well as a transmission and distribution asset. Therefore, it can be 

difficult to determine the proper value of storage. Energy storage has significant value in two 

different environments: energy markets with large differences between on-peak and off-peak 

prices and organized markets with robust ancillary service markets.  

 Energy arbitrage, the process of taking advantage of low energy prices during low 

demand periods and selling at times when prices are high during high demand periods, is one of 

the main drivers of energy storage (mainly pumped hydroelectric storage). Utilities have built 

large pumped hydroelectric storage facilities to take advantage of the differences in on-peak and 

off-peak electricity prices. In recent years, there has been a convergence of on-peak and off-peak 

prices, potentially due to the decline and stabilization of the price of natural gas, making 

traditional energy arbitrage less attractive for energy storage units. For example, Figure 14 shows 

that over the past 16 years, since 2000, there has been a noticeable price convergence between 

on-peak and off-peak prices at PJM’s Western Hub.38 This reduction in the on-peak/off-peak 

pricing gap may discourage utilities from storing energy solely for the purpose of price arbitrage.  

                                                 
37 The Value of Energy Storage for Grid Applications. http://www.nrel.gov/docs/fy13osti/58465.pdf 
38 PJM’s Western Hub is a pricing node in the PJM market made of up nearly 100 pricing points throughout the PJM 

system. It is used by energy traders because it is a very liquid trading point for electricity trades in the Mid-Atlantic 

area in the Eastern United States. 

http://www.nrel.gov/docs/fy13osti/58465.pdf
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Figure 14 - PJM Western Hub Historical Yearly On-Peak/Off-Peak Prices 

In the Western United States, there is only one fully organized wholesale electricity 

market, the California Independent System Operator (“CAISO”), which operates primarily 

within the state of California.39 A major component of most organized wholesale electricity 

markets are ancillary service markets, which are separate markets from the energy markets the 

independent system operator (“ISO”) operates. Ancillary service markets are typically made up 

of generators that are able to rapidly increase and decrease output to meet small variations 

between load and generation. The products obtained in ancillary service markets include: 

Regulation Reserves, Spinning Reserves and Non-Spinning Reserves. Regulation Reserve is 

reserved capacity provided by resources that are running and synchronized with the grid so that 

operating levels can be increased or decreased instantly through Automatic Generation Control 

(“AGC”) in order to balance load and generation quickly. Regulation Reserves are considered 

fast moving resources that are able to respond to control signals within seconds. Spinning 

Reserves are provided by resources that are running with additional available capacity. Spinning 

Reserves are capable of ramping up or down within a few minutes when needed and are able to 

sustain a response over a set period of time. Non-Spinning Reserves are provided by resources 

                                                 
39 Alberta Electric System Operator is the other organized wholesale electricity market within the Western 

Interconnection operating in the Canadian Province of Alberta. 
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that are not necessarily running but can be available within minutes. In ancillary service markets, 

these products are procured in a least-cost manner, using dispatch algorithms to meet the 

reliability requirement set. These organized ancillary service markets send pricing signals to 

resource operators, allowing resource operators to enter and exit the market at certain prices. 

Storage technologies provide significant benefits to ancillary service markets because storage 

technologies, like batteries that can ramp up and down quickly, can provide ancillary services 

and, in some cases, provide better ancillary services than traditional resources like steam or 

combustion turbines. Ancillary service markets monetize the benefits of energy storage devices 

that are not necessarily captured in vertically integrated utility models market rules are not 

necessarily defined. The local utility is required to provide these services, but may do so over a 

small footprint and not at least cost. Organized markets account for all services, including 

ancillary services, when billing load serving entities. 

 Market structure can impact the development and deployment of electric energy storage, 

but the lack of organized markets in the West can be a significant barrier in a different way. 

Because there is only one organized market in the Western U.S., a more economical solution 

initially to integrating variable load and generation may be by expanding the organized market 

throughout the West rather than building new energy storage resources. Initially, electric energy 

storage may not be a necessary tool to integrate variable resources because the market footprint 

will expand, but eventually this expansion may lead to more storage development because 

market rules may more favorably compensate storage in a competitive market. Currently the 

CAISO is expanding its Energy Imbalance Market (“EIM”) to diversify real-time loads and 

resources across a much larger footprint. The EIM is an advanced real-time market that, as of 

October 2016, expands across four additional utilities in seven states, plus the CAISO in 

California. The EIM enables grid operators to access a more diversified resource mix and avoid 

the need to curtail excess generation, especially from renewable sources. In a smaller market or 

utility, storage technologies may be more valuable due to the lack of resources and regional 

diversity. However, because the cost of building new energy storage facilities can be high, a 

more economical solution for some utilities may be to join a broader, more diversified market. 

 Energy storage resources blur the line between transmission assets and generation assets, 

which can result in conflicts of interest between the merchant and reliability sides of the 

wholesale electric business. Transmission asset holders are generally prohibited from 

participating in wholesale and ancillary service markets in order to maintain independence 

between the reliability and market-side of the electricity business. Transmission providers 

recover costs through regulated cost-of-service-based transmission rates. Wholesale generation 

on the other hand is deregulated and receives market-based rates. Many times a storage device 

may be considered an option to defer or avoid a transmission investment in traditional wires 

infrastructure. In many cases, there is debate around cost-of-service-based rates vs market-based 

rates for storage. This is because storage facilities may provide additional services, rather than 
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just transmission investment deferral, and may be able to receive revenue in other ways. In a 

recent example, FERC accepted a proposal to use electric storage resources as transmission 

assets when used for voltage support or thermal overload protection, but raised the issue of cross-

subsidization if a storage device is to be used in multiple applications (like bidding into 

wholesale electricity markets) and still receive rate-based cost recovery as a transmission asset.40  

FERC has recently opened a docket and hosted a technical conference to discuss the use of 

energy storage resources as transmission assets, compensated through transmission rates, as well 

as compensation for the other support services that storage devices can provide to the electric 

grid.41 The work done at FERC is expected to clarify rate-based and market compensation 

opportunities for storage devices in organized wholesale markets. 

Ancillary service markets (markets for services like frequency regulation, reserves, and 

black start) are expected to grow from $31.88 million in 2015 to $2,917 million in 2024.42 This 

expected growth is driven by the need to integrate variable energy resources like wind and solar 

in order to comply with renewable portfolio standards. Rules in organized markets (as well as 

creative agreements in bilateral markets) are continuously evolving to better define the types of 

services the electric grid needs to incorporate and support variable resources, and storage 

resources will continue to play a role. 

Technology Risks 

 Inherent technology risks also present challenges to the development and deployment of 

energy storage. Although storage technologies have been available for decades, recent advances 

in the technologies and the increased prevalence of storage, highlights concerns related to the 

risk of developing additional storage capacity. These risks include things like safety concerns, 

environmental concerns, the lifetime and lifecycle of the resource, and more. The risks are 

intrinsically different for pumped hydroelectric storage and lithium-ion batteries. 

 One significant technology risk is the lifetime and build timelines for storage resources. 

Most utility projects are typically very long-term projects that must last decades in order to 

recoup investment costs over a long period of time. Build timelines, including the design, 

permitting, construction, commissioning, etc., can take years to complete and storage devices are 

no different. Pumped storage projects are typically very large and have build timelines that can 

take up to 20-25 years to complete. This is driven by the siting and permitting process, which can 

                                                 
40 Order on Petition for Declaratory Order – Western Grid Development, LLC, FERC Order 130, Docket No. EL10-

19-000, Issued January 21, 2010, https://www.ferc.gov/whats-new/comm-meet/2010/012110/E-6.pdf  
41 Utilization in the Organized Markets of Electric Storage Resources as Transmission Assets Compensated Through 

Transmission Rates, for Grid Support Services Compensated in Other Ways, and for Multiple Services, FERC 

Docket No. AD16-25-000, November 9, 2016, https://www.ferc.gov/CalendarFiles/20161109074818-

Final%20Agenda.pdf  
42 Energy Storage for the Grid and Ancillary Services, Navigant Research, 2016, 

https://www.navigantresearch.com/research/energy-storage-for-the-grid-and-ancillary-services  

https://www.ferc.gov/whats-new/comm-meet/2010/012110/E-6.pdf
https://www.ferc.gov/CalendarFiles/20161109074818-Final%20Agenda.pdf
https://www.ferc.gov/CalendarFiles/20161109074818-Final%20Agenda.pdf
https://www.navigantresearch.com/research/energy-storage-for-the-grid-and-ancillary-services
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take up to 10-15 years to complete. Developers may not be willing to risk pursuing a long-term 

project that may not be necessary down the road. After siting and permitting, construction can 

take an additional seven years to complete. Pumped storage projects do typically have long 

lifetimes that can last more than 30 years. In fact, many pumped storage projects in the U.S. are 

nearing the end of their 40-year licenses and, in many cases, are likely to be re-licensed.  

 Li-Ion batteries, on the other hand, have significantly shorter development and project 

lifetimes. A conservative estimate for the project development of a battery for grid services is 

approximately four years from conception to operation. Data availability from utilities can be a 

limiting factor for developer, but recent advances in battery manufacturing, driven primarily 

through the transportation sector, and a well-defined need for energy storage has led to faster 

deployment.43 The lifetime of a Li-Ion battery is typically only 5 to 15 years, due to material 

degradation. Therefore, the time period for developers to recoup their investment costs are 

significantly shorter and may discourage further development. A set of project timelines for 

storage technologies, including pumped hydroelectric (“PH”), CAES, batteries, and flywheels, is 

captured in Figure 15. 

 

Figure 15 - Typical Project Timelines44 

                                                 
43 In 2016, the California Public Utility Commission approved contracts for more than 50 MW worth of energy 

storage from Li-Ion batteries to help ensure reliability in Southern California during a natural gas storage facility 

outage at Aliso Canyon. The utilities fast tracked projects to ensure their deployment within a year. 

https://www.greentechmedia.com/articles/read/california-utilities-are-fast-tracking-battery-projects-to-manage-aliso-

can  
44 DOE/EPRI Electricity Storage Handbook in Collaboration with NRECA, Sandia National Laboratories, January 

2015, http://prod.sandia.gov/techlib/access-control.cgi/2015/151002.pdf 

https://www.greentechmedia.com/articles/read/california-utilities-are-fast-tracking-battery-projects-to-manage-aliso-can
https://www.greentechmedia.com/articles/read/california-utilities-are-fast-tracking-battery-projects-to-manage-aliso-can
http://prod.sandia.gov/techlib/access-control.cgi/2015/151002.pdf
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Modeling Challenges 

Current modeling methodologies have a difficult time properly capturing the benefits and 

usage of energy storage and tend to undervalue electric energy storage resources. Electric energy 

storage is difficult to model because: the facilities, such as batteries, act both like load and 

generation; they can ramp very quickly even switching between charging and discharging 

multiple times within an hour; they are limited in the amount they can discharge over time; and 

they require time to recharge. Current modeling approaches are analytical, but tend to fall short 

holistically. In analytic modeling, the approach is to consider each component of the system and 

its contribution individually, and then assemble the whole system based on the individual parts; 

representing a bottom up approach. A holistic approach looks at the big picture and is necessary 

because it goes beyond current utility modeling practices by identifying and quantifying benefits. 

However, to properly model storage technologies, detailed time-series simulations at fine time 

resolutions are necessary. Hourly modeling, in many cases, is not enough to capture all of the 

benefits of storage. 

Electric energy storage modeling is challenging because of the fundamental difference in 

the operational characteristics of one-way power flow of traditional generation resources and the 

two-way power flow of energy storage resources. Because of the two-way flow and inherent 

losses, total generation increases but shifts to lower cost generation. Storage represents a 

complex modeling problem. The source of energy used to charge a storage facility can be 

unknown. The charge can be provided by a single source, like co-locating a wind generator with 

a storage facility, or the storage device can be a stand-alone system that charges using power 

anywhere on the grid. Small energy storage devices can be interconnected almost anywhere on 

the grid, and can be deployed for a variety of different reasons, like for the deferral of 

transmission or distribution investment or for energy backup. Storage devices like batteries are 

extremely fast and responsive resources. Proper modeling of resources that can change output 

instantaneously requires high computational bandwidth and it is difficult to model both the 

technical performance and the financial performance of the device. Adding to this complexity, 

fast moving energy storage can provide multiple grid services, like frequency regulation and 

voltage stability, at the same time, and the hierarchy of services may be different for each storage 

resource modeled. 

The challenge of linking all of the modeling tools at a system planner’s disposal is a 

major barrier to improved modeling of electric energy storage devices and further deployment. 

Production cost modeling, which typically provides security constrained economic dispatch of 

the system on an hourly basis over a year, needs to be linked with power flow and dynamic 

stability models in order to analyze single critical hours of the year. This should also be linked 

with resource expansion modeling and analysis to determine what types of investments must be 

completed to alleviate future problems on the grid. 
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It is difficult to link all the modeling tools into a collective power system analysis and, 

therefore, it remains a significant barrier to incorporating electric energy storage systems into the 

current and future power systems. The lack of accurate data inputs, especially of current energy 

storage technology costs and performance operations, makes modeling assumptions more 

challenging to develop and less accurate. Challenges also occur between modeling within the 

storage technology class. An example of such a challenge is pumped hydroelectric storage 

discharges and transitions between charging and discharging slower than a battery storage 

facility. This means that modeling of one storage technology cannot be easily substituted for 

another technology.  

Holistic methodologies to storage valuation do exist, but are not widely used because 

utilities tend to rely on off-the-shelf commercial software tools. The U.S. Department of Energy 

(“DOE”), working in collaboration with the Electric Power Research Institute (“EPRI”), 

developed a handbook that lays out the steps system planners can take to complete a holistic 

analytical analysis and incorporate electric energy storage into the system.45 The handbook is 

summarized in Appendix I. As technology and modeling improves, some of the barriers 

associated with modeling will diminish. 

Regulatory and Policy Barriers 

Without new policies, or changes to existing policies, the development and deployment 

of energy storage will not continue at the rate necessary to optimize the use of this resource. 

Policy barriers can simply be a lack of policies encouraging the use of new technologies (like 

energy storage) to fix emerging problems (like increased variable resources). Or policy barriers 

can be old regulations that do not necessarily capture the complex attributes of energy storage or 

cumbersome regulations that are not coordinated throughout the system. 

Some regulatory and policy barriers to electric energy storage exist in the Western 

Interconnection due to a lack of coordination among different states and regulatory bodies. The 

Western Interconnection is a large interconnection bulk electric system that traverses state and 

international lines. Therefore, coordinating policy across states and provinces in the West is 

important to be able to access the most cost effective storage resources. For example, a potential 

pumped hydroelectric site may be available in a neighboring state, but sluggish and 

uncoordinated processes in separate states may slow the entire regulatory process for new 

storage facilities. Additionally, some states may encourage more energy storage, leading to rapid 

adoption in that state but not in others. A first adopter state may expend all of its economical 

storage resources and developers may not be able to expand into neighboring states. 

California leads the way in the West with regard to policies that encourage energy storage 

deployment. California also benefits from the independent system operator and organized 

                                                 
45 DOE/EPRI Electricity Storage Handbook in Collaboration with NRECA. Sandia National Laboratories, January 

2015, http://prod.sandia.gov/techlib/access-control.cgi/2015/151002.pdf 

http://prod.sandia.gov/techlib/access-control.cgi/2015/151002.pdf
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wholesale electricity markets, operated by the California ISO that sends economic signals to 

third-party developers and promoting state policy incentives.  

According to the Center for New Energy Economy’s (“CNEE”) State Policy Opportunity 

Tracker (“SPOT”), California currently receives the highest marks for “policy opportunities 

[that] take advantage of the growing technological advances and declining costs within the 

energy storage sector”.46 The 2010 California Assembly Bill 2514 directed the California Public 

Utilities Commission (“CPUC”) to open a proceeding to determine procurement targets for cost-

effective energy storage. The CPUC adopted a 1.325 GW target for electric energy storage by 

state investor owned utilities by 2020.47 The California ISO recently implemented a Flexible 

Ramping Product into its wholesale electricity market that will compensate generation resources 

that are able to respond quickly to real-time conditions. This is expected to incentivize the 

development of fast moving storage (and other fast responding resources) and to improve 

reliability and control variability.48 

Other States in the West have adopted some policies that encourage the deployment of 

electric energy storage. Oregon has implemented a mandate requiring its investor owned utilities 

to have at least one electric energy storage system, sized 5 MWh or larger by 2020.49 

Additionally, the state of Washington recently passed a bill setting aside $44 million in grant 

money to be directed toward renewable advancement and technologies, specifically energy 

storage.50 Although some states have storage technology mandates or economic incentives, other 

states lack similar policies, which can be a barrier to further development throughout the 

industry. 

Utilities have also explored options with energy storage development through their 

integrated resource plans (“IRP”). For example, starting in 2012, PacifiCorp’s IRP processes 

have evaluated energy storage options to be used to help integrate variable energy resources 

within its system.51 Although storage options may not be adopted initially for a multitude of 

                                                 
46 State Policy Opportunity Tracker (SPOT), Center For New Energy Economy, Updated March 2016, 

http://spotforcleanenergy.org/policy/energy-storage-standard/  
47 Issue Brief: A Survey of State Policies to Support Utility-Scale and Distributed-Energy Storage, NREL, August 

2014, http://www.nrel.gov/docs/fy14osti/62726.pdf  
48 Order on Tariff Revision at the California ISO Approving Flexible Ramping Product, FERC, September 26, 2016, 

Docket ER16-2023-000, 

https://www.caiso.com/Documents/Sep26_2016_OrderAcceptingFlexibleRampingProductTariffAmendment_ER16-

2023.pdf 
49 Oregon’s First Step Towards Utilities Acquiring Energy Storage, MicroGrid Knowledge, November 26, 2015, 

https://microgridknowledge.com/oregons-first-step-toward-utilities-acquiring-energy-storage/ 
50 State Energy Storage Legislation: A Look Back at 2015, CleanEnergyGroup, January 4, 2016, 

http://www.cleanegroup.org/state-energy-storage-legislation-a-look-back-at-2015/  
51 Energy Storage Screening Study For Integrating Variable Energy Resources within the PacifiCorp System, 

prepared by HDR Engineering, Inc., December 2011, 

https://www.pacificpower.net/content/dam/pacificorp/doc/Energy_Sources/Integrated_Resource_Plan/2013IRP/Rep

ort_Energy-Storage-Screening-Study2012.pdf  

http://spotforcleanenergy.org/policy/energy-storage-standard/
http://www.nrel.gov/docs/fy14osti/62726.pdf
https://www.caiso.com/Documents/Sep26_2016_OrderAcceptingFlexibleRampingProductTariffAmendment_ER16-2023.pdf
https://www.caiso.com/Documents/Sep26_2016_OrderAcceptingFlexibleRampingProductTariffAmendment_ER16-2023.pdf
https://microgridknowledge.com/oregons-first-step-toward-utilities-acquiring-energy-storage/
http://www.cleanegroup.org/state-energy-storage-legislation-a-look-back-at-2015/
https://www.pacificpower.net/content/dam/pacificorp/doc/Energy_Sources/Integrated_Resource_Plan/2013IRP/Report_Energy-Storage-Screening-Study2012.pdf
https://www.pacificpower.net/content/dam/pacificorp/doc/Energy_Sources/Integrated_Resource_Plan/2013IRP/Report_Energy-Storage-Screening-Study2012.pdf
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reasons, the IRP requirement to study, but not necessarily adopt storage options, will likely 

reduce barriers to further energy storage deployment.  

Some federal initiatives have also helped aid in the further deployment of electric energy 

storage. In 2011, FERC passed Order 755 (Pay for Performance), addressing compensation for 

frequency regulation in wholesale power markets, which incentivizes performance and accuracy 

of response and provides higher compensation to those resources that can more accurately 

respond to a regulation signal.52 FERC Order 755 only applies to organized wholesale electricity 

markets under FERC’s jurisdiction and, therefore. Bilateral markets are not required to adopt the 

Pay for Performance methodology outlined within the order. FERC Order 784 promotes 

competition by allowing third-party energy storage suppliers to participate in organized 

wholesale ancillary services markets.53 FERC Orders 755 and 784 have had a large impact on 

electric energy storage installations in energy markets like the CAISO and PJM, but FERC 

recently started looking at its market regulations to identify other barriers to electric energy 

storage deployment. Barriers that FERC is looking to address include: compensating energy 

storage resources that provide services like a transmission or distribution asset, such as upgrade 

deferral; concerns with cross-subsidization or double dipping; compensation for resources that 

can provide multiple grid support services; and the value of resources that can provide both 

wholesale and retail services at the same time.54 Some of these issues were discussed more in-

depth in the Business Model / Market Risks section of the paper. Finding solutions to these 

challenging barriers may result in further deployment of electric energy storage on the system 

and may lead to more efficiency in wholesale electricity markets. 

  

                                                 
52 FERC Order 755 – Frequency Regulation Compensation in the Organized Wholesale Power Markets, FERC, 

October 20, 2011, Docket No. RM11-7-000 and AD10-11-000, https://www.ferc.gov/whats-new/comm-

meet/2011/102011/E-28.pdf  
53 FERC Order 784 – Third Party Provision of Ancillary Services; Accounting and Financial Reporting for New 

Electric Storage Technologies, FERC, July 18, 2013, Docket No. RM11-24-000 and AD11-13-000, 

https://www.ferc.gov/whats-new/comm-meet/2013/071813/E-22.pdf  
54 Utilization in the Organized Markets of Electric Storage Resources as Transmission Assets Compensated Through 

Transmission Rates, for Grid Support Services Compensated in Other Ways, and for Multiple Services, FERC 

Docket No. AD16-25-000, November 9, 2016, https://www.ferc.gov/CalendarFiles/20161109074818-

Final%20Agenda.pdf 

https://www.ferc.gov/whats-new/comm-meet/2011/102011/E-28.pdf
https://www.ferc.gov/whats-new/comm-meet/2011/102011/E-28.pdf
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Conclusion 

 There is an electric energy storage renaissance occurring in the electric utility industry 

throughout the Western Interconnection and the entire U.S. This resurgence is being driven 

primarily through the need for efficient and reliable ways to integrate variable renewable energy 

resources into the grid. Although there is a recent increase in the implementation of electric 

energy storage for the grid, barriers to deployment still remain. These barriers continue to be 

high due to technology and development costs, the lack of wholesale markets with market rules 

incentivizing services that storage devices can provide, technology development risks, modeling 

challenges, and the lack of policy incentives and coordination of policy across state lines. If 

some of these barriers are removed, the advancement of electric energy storage deployment is 

likely to accelerate. 
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Appendix I 

Steps for Energy Storage Modeling 

The U.S. Department of Energy (“DOE”), working in collaboration with the Electric 

Power Research Institute (“EPRI”), developed a handbook that lays out the steps system planners 

can take to complete a holistic analytical analysis and incorporate electric energy storage into the 

system.55  

Step I: The first step laid out in the DOE/EPRI handbook suggests that system planners 

complete a resource portfolio planning simulation. This simulation would include analysis of 

specific resources available considering operational constraints, such as the geographical 

location of a project and possible reliability implications like frequency or voltage stability. The 

simulation then optimizes the list of available resources based on financial feasibility.  

Step II: The next step suggests that system planners conduct production cost modeling to 

complete a security constrained economic dispatch of the system’s generation and load 

resources. Production cost modeling is used to identify the most effective resources available to 

meet demand and has typically been conducted over an hourly time-series. However, with 

increasing complexity and variability in the electric industry, more granular time-series analysis, 

for example five-minute resolution, is likely necessary to more accurately evaluate the more 

variable system. An important aspect of production cost modeling is access to accurate and 

detailed system data, including generator, load, storage specific costs, and operations data, etc. 

Production cost models fall short of identifying long-run costs and benefits such as added 

capacity, because these models only address short-run marginal costs. Production cost models 

are good at capturing the value of energy produced by generators on the system, but are less able 

to accurately capture the value of some ancillary services and, therefore, these models may 

undervalue storage technologies. 

Step III: The next step suggests that system planners conduct a power flow or stability 

analysis to evaluate “what if” scenarios for system operations. To conduct this analysis, the 

system is modeled at a single point in time when the system is stressed, such as during a hot 

summer day with high loads. Contingency analysis is conducted by then tripping large 

contingencies like a transmission line, generator, or large block of load offline in order to 

determine whether the system is still able to operate by making sure there is still good power 

quality and ensuring that deviations like significant voltage and frequency excursions do not 

occur. Even more so than in production cost modeling, accurate data of each model component 

on the system is vital. As technology and modeling practices continue to improve, more dynamic 

                                                 
55 DOE/EPRI Electricity Storage Handbook in Collaboration with NRECA. Sandia National Laboratories, January 

2015, http://prod.sandia.gov/techlib/access-control.cgi/2015/151002.pdf 
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models can be used to analyze system conditions on the millisecond timeframe and to improve 

system planners’ understanding of the load and resources on the system and how storage 

technologies can help. 

 


