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 v  

Abstract 
This report is a bibliography focused on recent published papers and 
studies on energy storage modeling in electric power planning, 
operations, and markets. Section 10 of the bibliography is the set of 
full references, including web links where available. Sections 2–9 of 
the bibliography organize shortened references into several 
categories, including by domain (transmission-connected, 
distribution-connected, and customer-sited), utility or independent 
system operator (ISO) function, technology type, geographical 
location of the study, and mathematical model types. For 
convenience, every shortened reference is linked internally to the full 
reference. The bibliography is intended to be updated as the 
literature continues to evolve and expand. In its current version, the 
bibliography is focused on stationary storage and primarily of 
transmission-connected and distribution-connected resources. 
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Section 1: Introduction 
This bibliography was developed in support of activities by different 
organizations and initiatives related to operational, planning and economic 
analysis of energy storage technologies.1 Included in the bibliography are research 
papers and other documents that are focused on the modeling of different storage 
technologies, either as stand-alone resources or within a larger electric power 
system. With a few exceptions, the bibliography does not include papers which 
model utility or regional power systems and include storage resources, but do not 
evaluate their operation directly. The bibliography is intended to be updated and 
refined periodically. 

The bibliography is organized as follows. The full list of papers, in alphabetical 
order and including a full citation and web links where available, is found in the 
last section of the paper (Section 10). Following this introduction, the next eight 
sections categorize the papers into several topics. In these sections the citations 
are shortened to reduce space, but can be clicked on to get to the full citation in 
Section 10. In some subsections, there are tables providing summary information 
about details in the papers, including models or tools used. The topic sections are 
as follows: 
 Section 2: literature reviews and other surveys, 

 Section 3: categorization by point of interconnection (transmission-
connected, distribution-connected, customer-sited),  

 Section 4: categorization by electric power organizational function 
(planning/reliability, operations, wholesale markets),  

 Section 5: studies which conduct storage modeling for purposes of policy or 
regulatory development or evaluation (storage mandate, renewable policy 
goals, low carbon futures),  

 Section 6: categorization by storage technology type,  
 Section 7: U.S. studies by geographical region and/or organization 

(utility/ISO/state/national), 
 Section 8: non-U.S. studies by geographical region and/or organization, and 
 Section 9: modeling structure and software tools.  

                                                                 
1 Notably, this includes the Energy Storage Integration Council (ESIC) (www.epri.com/esic), 
other EPRI activities, including development of the StorageVETTM model (www.storagevet.com), 
and the IEEE task force on storage modeling tools. 
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The bibliography focuses on newer types of electrical storage devices which 
charge from an electric power system, such as batteries and flywheels and 
compressed air energy storage (CAES), but includes selected references to 
pumped storage and concentrating solar power with thermal energy storage 
(CSP-TES). Given its long history, pumped storage has a very long set of 
references, which have not been compiled extensively. However, the bibliography 
includes a number of recent papers which utilized advanced modeling tools to 
analyze pumped storage or which model it alongside other storage technologies. 
Similarly, papers modeling CSP-TES, which charges from the solar field but 
provides grid services, may have value to other types of integrated solar with 
storage. 

The bibliography does not include references to other types of energy storage, 
including non-stationary storage (such as electric vehicles), storage systems for 
hydrogen or natural gas, and hydro dam storage. 

Moreover, while many of the references cited include assumptions about current 
and future energy storage technology costs, the bibliography did not include a 
systematic review of such cost forecasts. 

In addition to papers in academic journals and some research studies, a few state 
regulatory orders which are influential in storage valuation have been included, as 
well as some recent utility integrated resource plans which included significant 
storage. However, this bibliography does not include a complete list of such 
documents related to storage. 

While many of the papers included here have been reviewed in the course of 
compiling this survey, others have not. Inclusion in this bibliography does not 
suggest that either models or results have been validated.  

Finally, as noted above, this bibliography is intended to be updated periodically. 
Readers can suggest additional entries or make corrections to existing entries via 
communications with ESIC Working Group 1 or other EPRI staff. 
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Section 2: Literature Reviews and Other 
Surveys 

The following are selected literature reviews and other types of surveys of economic and 
operational modeling of storage. Some of these papers may survey the policy and market 
context for storage modeling but not include mathematical models or results. Note that 
many of the other papers cited in subsequent sections may also have brief literature 
surveys, but are not intended primarily to be surveys. 

Akhil, A.A., et. al., “DOE/EPRI Electricity Storage Handbook in Collaboration 
with NRECA,” 2015.  

Augustine, C. et. al., “Renewable Electricity Futures Study. Volume 2: 
Renewable Electricity Generation and Storage Technologies.” 2012.  

Castillo, A., and D. F. Gayme, “Grid-scale energy storage applications in 
renewable energy integration: A survey,” 2014.  

Center for Energy and Environment (Minnesota), “The Context for Energy 
Storage to Facilitate Renewable Electricity in Minnesota,” 2016. [surveys studies 
of Minnesota and MISO] 

Cole, W., et al., “Optimization and Advanced Control of Thermal Energy 
Storage Systems.” 2012.  

Denholm, P., et al., “Energy Storage for Power Grids and Electric 
Transportation: A Technology Assessment,” 2012.  

Department of Energy (DOE), Electricity Advisory Committee (EAC), “2016 
Storage Plan Assessment: Recommendations for the U.S. Department of 
Energy,” 2016. [includes recommendations for storage modeling improvements] 

Department of Energy (DOE), Electricity Advisory Committee (EAC), “2014 
Storage Plan Assessment.” September 2014. [includes recommendations for storage 
modeling improvements] 

Ecofys, “Energy Storage Opportunities and Challenges: A West Coast 
Perspective White Paper.” 2014.  

 
Click on short reference to 
get to full reference and 
links. 
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Electric Power Research Institute (EPRI), “Energy Storage Valuation in 
California: Policy, Planning and Market Information Relevant to the 
StorageVET™ Model.” 2016. [surveys market rules and data for storage modeling] 

European Commission, Directorate-General for Energy, “The future role and 
challenges of Energy Storage,” DG ENER Working Paper, 2013. 

Eyer, J., and G. Corey, “Energy Storage for the Electricity Grid: Benefits and 
Market Potential Assessment Guide,” 2010. 

Hoffman, M.G., et al., “Analysis Tools for Sizing and Placement of Energy 
Storage for Grid Applications - A Literature Review,” 2010.  

Sioshansi, R., et. al., “A Comparative Analysis of the Value of Pure and Hybrid 
Electricity Storage,” 2011.  

Xu, B., et al., “A Comparison of Policies on the Participation of Storage in U.S. 
Frequency Regulation Markets,” 2016. 

Zakeri, B., and S. Syri. “Electrical energy storage systems: A comparative life 
cycle cost analysis,” 2015. 

Zucker, A., et. al., “Assessing Storage Value in Electricity Markets: A literature 
review,” 2013.  
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Section 3: Categorization by Point of 
Interconnection 

Storage technologies are often analyzed on the basis of where they are connected: to the 
high-voltage transmission network (also called “the grid”), the distribution network or 
at a customer-site, typically but not always behind-the-meter. The point of connection 
will have an impact on the types of eligible services, whether wholesale market services, 
other grid services, retail rate impacts, islanding or microgrids, or services related to 
avoided investment in transmission and distribution upgrades. 

Transmission-Connected Storage 

This subsection includes papers modeling or analyzing storage primarily providing 
services to the high-voltage transmission system. This is a fairly general category which 
includes many of the papers cited in this bibliography. Generally, transmission-
connected storage can provide wholesale market services, other grid operational and 
reliability services, and contribute to deferral of transmission investment. 

Akhil, A.A. et. al., “DOE/EPRI Electricity Storage Handbook in Collaboration 
with NRECA,” 2015. 

Augustine, C. et. al., “Renewable Electricity Futures Study. Volume 2: 
Renewable Electricity Generation and Storage Technologies,” 2012.  

Benini, M., et al., “Battery energy storage systems for the provision of primary 
and secondary frequency regulation in Italy,” 2016.  

Benitez, L. E. et. al., “The economics of wind power with energy storage,” 2008.  

Bhatnagar, D. and Loose, V., “Evaluating Utility Procured Electric Energy 
Storage Resources: A Perspective for State Electric Utility Regulators,” 2012. 

Bistline, J., “Economic and Technical Challenges of Flexible Operations under 
Large-Scale Variable Renewable Deployment,” 2017.  

Black & Veatch Corporation., “Iowa Stored Energy Plant Economic Feasibility 
Analysis, Final Report.,” 2005. 

Bose, S., et al., “Optimal Placement of Energy Storage in the Grid,” 2012. 

 
Click on short reference to 
get to full reference and 
links. 
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Brown, P. D. et. al., “Optimization of Pumped Storage Capacity in an Isolated 
Power System With Large Renewable Penetration,” 2008. 

Bruninx, K., and E. Delarue, “Improved energy storage system and unit 
commitment scheduling,” 2017. 

Bruninx, K., et al., “Coupling Pumped Hydro Energy Storages with Unit 
Commitment,” 2016. 

Byrne, R.H. and C.A. Silva-Monroy, “Estimating the Maximum Potential 
Revenue for Grid Connected Electricity Storage: Arbitrage and Regulation,” 
2012. 

California ISO (CAISO), “Moorpark Sub-Area Local Capacity Alternative 
Study,” 2017. 

California ISO (CAISO), “Benefits Analysis of Large Energy Storage,” 2017.  

California Public Utilities Commission (CPUC), " Decision 13-10-040, 
Decision adopting energy storage procurement framework and design program," 
2013.  

Carrión, M., et al., “Primary Frequency Response in Capacity Expansion with 
Energy Storage,” IEEE Transactions on Power Systems, 2017.  

Castillo, A. and D.F. Gayme, “Evaluating the Effects of Real Power Losses in 
Optimal Power Flow Based Storage Integration,” 2017. 

Castillo, A., et al., “Lossy DC OPF for Optimizing Congested Grids with 
Renewable Energy and Storage,” 2014. 

Chen. Y., et. al., “Incorporating short-term stored energy resource into Midwest 
ISO energy and ancillary service market,” 2011. 

Cho, K.T. et. al., “Optimization and Analysis of High-Power 
Hydrogen/Bromine-Flow Batteries for Grid-Scale Energy Storage,” 2013.  
Connolly, D. et. al., “Practical Operation Strategies for Pumped Hydroelectric 
Energy Storage (PHES) Utilizing Electricity Price Arbitrage.” 2011. 

Cole, W., et al., “SunShot 2030 for Photovoltaics (PV): Envisioning a Low-Cost 
PV Future.” 2017.  

Cole, W., et al., “2017 Standard Scenarios Report: A U.S. Electricity Sector 
Outlook.” 2017.  

Cole, W., et al., “Utility-Scale Lithium-Ion Storage Cost Projections for Use in 
Capacity Expansion Models,” 2016.  

Culver , W.J., “High-Value Energy Storage for the Grid: A Multi-Dimensional 
Look,” 2010. 
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de Sisternes, F., et al., “The contribution of energy storage to climate change 
mitigation in the electricity sector,” 2016. 

Denholm, P., and T. Mai,“Timescales of Energy Storage Needed for Reducing 
Renewable Energy Curtailment” 2017. 

Denholm, P., et al., “Evaluating the Technical and Economic Performance of 
PV Plus Storage Power Plants” 2017. 

Denholm, P., and R. Margolis “Energy Storage Requirements for Achieving 
50% Solar Photovoltaic Energy Penetration in California” 2016. 

Denholm, P., et al., “The Relative Economic Merits of Storage and Combustion 
Turbines for Meeting Peak Capacity Requirements under Increased Penetration 
of Solar Photovoltaics” 2015. 

Denholm, P., et. al., “Value of CSP with Thermal Energy Storage in the 
Western United States.” 2014. 

Denholm, P. et. al., “Analysis of Concentrating Solar Power with Thermal 
Energy Storage in a California 33% Renewable Scenario,” 2013. 

Denholm, P. et. al., “Value of Energy Storage for Grid Applications,” 2013. 

Denholm, P., et. al., “Impact of Wind and Solar on the Value of Energy 
Storage,” 2013. 

Denholm, P., and M. Hummon,. “Simulating the Value of Concentrating Solar 
Power with Thermal Energy Storage in a Production Cost Model.” 2012. 

Denholm, P. et. al., “Energy Storage for Power Grids and Electric 
Transportation: A Technology Assessment,” 2012. 

Denholm, P., “Energy Storage to Reduce Renewable Energy Curtailment,” 
2012. 

Denholm, P., and S. Ong, “Thermal Energy Storage as an Enabling Technology 
for Renewable Energy”. 2012. 

Denholm, P., et. al., “Decarbonizing the Electric Sector: Combining Renewable 
and Nuclear Energy using Thermal Storage,” 2012.  

Denholm, P., and M. Mehos, “Enabling Greater Penetration of Solar Power via 
the Use of Thermal Energy Storage” 2011. 

Denholm, P., and M. Hand, “Grid Flexibility and Storage Required to Achieve 
Very High Penetration of Variable Renewable Electricity,” 2011. 

Denholm, P., “Enabling Technologies for High Penetration of Wind and Solar 
Energy,” 2011. 

 
Click on short reference to 
get to full reference and 
links. 
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Denholm, P. et. al., “Role of Energy Storage with Renewable Electricity 
Generation,” 2010. 

Denholm, P., and R. Sioshansi, “The value of compressed air energy storage with 
wind in transmission-constrained electric power systems,” 2009. 

Denholm, P., and R.M. Margolis, “Evaluating the Limits of Solar Photovoltaics 
(PV) in Electric Power Systems Utilizing Energy Storage and Other Enabling 
Technologies.” 2007. 

Department of Energy (DOE), “Hydropower Vision: A New Chapter for 
America’s 1st Renewable Electricity Source.” 2016. [Includes pumped storage] 

Ding, H. et. al., “Stochastic Optimization of the Daily Operation of Wind Farm 
and Pumped-Hydro- Storage Plant.” 2012. 

DNV-GL, "Energy Storage Cost‐effectiveness Methodology and Results," 2013. 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Dvorkin, Y., et al., “Ensuring Profitability of Energy Storage,” 2017. 

Dvorkin, Y., et al., “Co-planning of Investments in Transmission and Merchant 
Energy Storage,” 2017. 

Dvorkin, Y., “Can Merchant Demand Response Affect Investments in Merchant 
Energy Storage?” 2017.  

Eichman, J. et. al., “Operational Benefits of Meeting California’s Energy Storage 
Targets,” 2015. 

Ela, E. et. al., “Role of Pumped Storage Hydro Resources in Electricity Markets 
and System Operation,” 2013. 

Electric Power Research Institute (EPRI), “Energy Storage Valuation in 
California: Policy, Planning and Market Information Relevant to the 
StorageVET™ Model,” 2016. 

Electric Power Research Institute (EPRI), “Cost-Effectiveness of Energy 
Storage in California: Application of the Energy Storage Valuation Tool to 
Inform the California Public Utility Commission Proceeding,” 2013. 

Electric Power Research Institute (EPRI), “Quantifying the Value of 
Hydropower in the Electric Grid: Final Report, 2013.  

Exarchakos, L. et. al., Modelling electricity storage systems management under 
the influence of demand-side management programmes,” 2009. 
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Eyer, J. and Corey, G., “Energy Storage for the Electricity Grid: Benefits and 
Market Potential Assessment Guide,” 2010. 

Fattori, F., et al., “High Solar Photovoltaic Penetration in the Absence of 
Substantial Wind Capacity: Storage Requirements and Effects on Capacity 
Adequacy,” 2017. 

Feldman, D., et al., “Exploring the Potential Competitiveness of Utility-Scale 
Photovoltaics plus Batteries with Concentrating Solar Power, 2015-2030,” 2016. 

Fernandez-Blanco, R., et al., “Optimal Energy Storage Siting and Sizing: A 
WECC Case Study,” 2017. 

Fertig, E., and Apt, J. “Economics of compressed air energy storage to integrate 
wind power: A case study in ERCOT,” 2011. 

Figueiredo, F.C. et. al., “The Economics of Energy Storage in 14 Deregulated 
Power Markets.” 2006. 

Garcia-Gonzalez, J. et. al., “Stochastic Joint Optimization of Wind Generation 
and Pumped-Storage Units in an Electricity Market,” 2008. 

Gayme, D. F., and U. Topcu, “Optimal Power Flow with Large-Scale Energy 
Storage Integration,” 2013. 

Gayme, D. F., and U. Topcu, “Optimal Power Flow with Distributed Energy 
Storage Dynamics,” 2011. 

Gevorgian, V. and Corbus, D. “Ramping Performance Analysis of the Kahuku 
Wind-Energy Battery Storage System,” 2013. 

Graves, F. et. al., “Opportunities for electricity storage in deregulating markets,” 
1999. 

Hale, E., et al., “Capturing the Impact of Storage and Other Flexible 
Technologies on Electric System Planning,” 2016. 

Hawaiian Electric Companies, PSIP Update Report: December 2016, 2016.  

Hennessy, T. and Kuntz, M., "The multiple benefits of integrating electricity 
storage with wind energy," 2005 

Hessami, M. A., and Bowly, D. R., “Economic feasibility and optimisation of an 
energy storage system for Portland Wind Farm (Victoria, Australia),” 2011. 

Hoffman, M.G., et al., “Analysis Tools for Sizing and Placement of Energy 
Storage for Grid Applications - A Literature Review,” 2010.  

Jorgenson, J. et. al., “Estimating the Value of Utility-Scale Solar Technologies in 
California Under a 40% Renewable Portfolio Standard,” 2014. 
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Kanakasabapathy, P. and Shanti Swarup, K. “Bidding Strategy for Pumped-
Storage Plant in Pool-Based Electricity Market,” 2010. 

Kazemi, M., et al., “Operation Scheduling of Battery Storage Systems in Joint 
Energy and Ancillary Services Markets,” 2017.  

Kazemi M., and H. Zareipour, “Long-term Scheduling of Battery Storage 
Systems in Energy and Regulation Markets Considering Battery’s Lifespan,” 
2017.  

Keles, D. et. al., “Compressed-air energy storage power plant investments under 
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Section 5: Categorization by Research 
that Incorporates Policy Goals 

This section includes papers and other documents related to existing or planned policies 
which incorporate storage. This can include policies specifically targeted at storage or 
which includes storage along with other technologies (such as some renewable portfolio 
standards). The section also includes papers which model storage value against scenarios 
which include other clean energy policies, such as renewable portfolio standards. 
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Section 6: Categorization by Technology 
This section organizes references by energy storage technologies modeled.  
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Tuohy, A., and M. O’Malley., “Impact of Pumped Storage on Power Systems 
with Increasing Wind Penetration,” 2009. 

Tuohy, A., and M. O’Malley., “Pumped storage in systems with very high wind 
penetration,” 2011. 

Ward, M., " Resource Commitment and Dispatch in the PJM Wholesale 
Electricity Market," 2011. 

Zhang, N. et. al., “Planning Pumped Storage Capacity for Wind Power 
Integration,” 2013. 
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Section 7: Categorization by Geography 
and Organization – United 
States 

This section organizes studies of the United States by geographical region as well as by 
states and ISOs/RTOs. 

National Studies 

Akhil, A.A. et. al., “DOE/EPRI Electricity Storage Handbook in Collaboration 
with NRECA,” 2015. 

Augustine, C. et. al., “Renewable Electricity Futures Study.Volume 2: Renewable 
Electricity Generation and Storage Technologies,” 2012. 

Cole, W., et al., “SunShot 2030 for Photovoltaics (PV): Envisioning a Low-Cost 
PV Future.” 2017.  

Cole, W., et al., “2017 Standard Scenarios Report: A U.S. Electricity Sector 
Outlook.” 2017.  

Cole, W., et al., “Utility-Scale Lithium-Ion Storage Cost Projections for Use in 
Capacity Expansion Models,” 2016. 

Department of Energy (DOE), “Hydropower Vision: A New Chapter for 
America’s 1st Renewable Electricity Source.” 2016. 

Department of Energy (DOE), Electricity Advisory Committee (EAC), "2014 
Storage Plan Assessment," 2014.  

Hale, E., et al., “Capturing the Impact of Storage and Other Flexible 
Technologies on Electric System Planning,” 2016. 

Kintner-Meyer, M., et al., “National Assessment of Energy Storage for Grid 
Balancing and Arbitrage: Phase II: WECC, ERCOT, EIC, Volume 1: 
Technical Analysis,” 2013. 

Koritarov, V., et al., “Modeling and Analysis of Value of Advanced Pumped 
Storage Hydropower in the United States,” 2014.  
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Sioshansi, R., et. al., “Dynamic Programming Approach to Estimate the 
Capacity Value of Energy Storage. IEEE Transactions on Power Systems,” 
2014. 

Arizona 

Arizona Public Service (APS), 2017 Integrated Resource Plan, 2017. 

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 

Tucson Electric Power Company (TEP), 2017 Integrated Resource Plan, 2017. 

 [see other Arizona utility IRPs in same docket] 

California State 

California Public Utilities Commission (CPUC), "Decision 13-10-040, Decision 
adopting energy storage procurement framework and design program," 2013. 

DNV-GL, "Energy Storage Cost‐effectiveness Methodology and Results," 2013. 

Denholm, P., et al., “Evaluating the Technical and Economic Performance of 
PV Plus Storage Power Plants” 2017. 

Denholm, P., and R. Margolis “Energy Storage Requirements for Achieving 
50% Solar Photovoltaic Energy Penetration in California” 2016. 

Denholm, P. et. al., “Analysis of Concentrating Solar Power with Thermal 
Energy Storage in a California 33% Renewable Scenario,” 2013. 

Denholm, P. and M. Mehos, “Enabling Greater Penetration of Solar Power via 
the Use of Thermal Energy Storage” 2011. 

Edmunds, T. et. al., “The Value of Energy Storage and Demand Response for 
Renewable Integration in California,” 2017.  

Eichman, J. et. al., “Operational Benefits of Meeting California’s Energy Storage 
Targets,” 2015.  

Electric Power Research Institute (EPRI), “Energy Storage Valuation in 
California: Policy, Planning and Market Information Relevant to the 
StorageVET™ Model,” 2016. 

Electric Power Research Institute (EPRI), “Cost-Effectiveness of Energy 
Storage in California: Application of the Energy Storage Valuation Tool to 
Inform the California Public Utility Commission Proceeding,” 2013. 

Jorgenson, J. et. al., “Estimating the Value of Utility-Scale Solar Technologies in 
California Under a 40% Renewable Portfolio Standard,” 2014. 
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Koritarov, V., et al., “Modeling and Analysis of Value of Advanced Pumped 
Storage Hydropower in the United States,” 2014.  

Madaeni, S. H. et. al., “How Thermal Energy Storage Enhances the Economic 
Viability of Concentrating Solar Power,” 2012. 

Mathias, J., et al., “Bulk Energy Storage in California.” 2016. 

Mills, A., and R. Wiser, "Strategies for Mitigating the Reduction in Economic 
Value of Variable Generation with Increasing Penetration Levels," 2014.   

Solomon, A. A., et al., “Investigating the Impact of Wind–Solar 
Complementarities on Energy Storage Requirement and the Corresponding 
Supply Reliability Criteria.” 2016. 

Solomon, A. A., et al., “The Role of Large-Scale Energy Storage Design and 
Dispatch in the Power Grid: A Study of Very High Grid Penetration of Variable 
Renewable Resources,” 2014. 

California ISO (CAISO) 

California ISO (CAISO), “Moorpark Sub-Area Local Capacity Alternative 
Study,” 2017. 

California ISO (CAISO), “Benefits Analysis of Large Energy Storage,” 2017.  

California Public Utilities Commission (CPUC), California Energy Commission 
(CEC) and California ISO (CAISO), "Energy Storage Roadmap," 2014. 

Denholm, P., and R. Margolis “Energy Storage Requirements for Achieving 
50% Solar Photovoltaic Energy Penetration in California” 2016. 

Denholm, P., and R. Sioshansi, “The value of compressed air energy storage with 
wind in transmission-constrained electric power systems,” 2009. 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Edmunds, T., “The Value of Energy Storage and Demand Response for 
Renewable Integration in California,” 2017.  

Eichman, J. et. al., “Operational Benefits of Meeting California’s Energy Storage 
Targets,” 2015.  

Electric Power Research Institute (EPRI), “Energy Storage Valuation in 
California: Policy, Planning and Market Information Relevant to the 
StorageVET™ Model,” 2016. 

Electric Power Research Institute (EPRI), “Cost-Effectiveness of Energy 
Storage in California,” 2013. 
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Krishnamurthy D., et al., “Energy Storage Arbitrage Under Day-Ahead and 
Real-Time Price Uncertainty,” 2017. 

Madaeni, S. H., et al., “Estimating the Capacity Value of Concentrating Solar 
Power Plants with Thermal Energy Storage: A Case Study of the Southwestern 
United States,” 2013. 

Madaeni, S. H., et al., “How Thermal Energy Storage Enhances the Economic 
Viability of Concentrating Solar Power,” 2012. 

Mathias, J., et al., “Bulk Energy Storage in California.” 2016. 

Pacific Gas and Electric Company (PG&E), "EPIC Final Report - EPIC 
Project 1.01, Energy Storage End Uses: Energy Storage for Market Operations," 
2016. 

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 

Hawaii 

Hawaiian Electric Companies, “PSIP Update Report: December 2016,” Vol. 1-
4, 2016.  

Ellison, J. et. al., “Maui Energy Storage Study,” 2012.  

Gevorgian, V. and Corbus, D., “Ramping Performance Analysis of the Kahuku 
Wind-Energy Battery Storage System,” 2013. 

Iowa 

Black & Veatch Corporation., “Iowa Stored Energy Plant Economic Feasibility 
Analysis, Final Report,” 2005. 

ISO-New England (ISO-NE) 

Xu, B., et al., “Factoring the Cycle Aging Cost of Batteries Participating in 
Electricity Markets,” accepted 2017, forthcoming.  

New Mexico 

New Mexico Renewable Energy Storage Task Force, “Final Report,” 2013.  

Madaeni, S. H., et al., “Estimating the Capacity Value of Concentrating Solar 
Power Plants with Thermal Energy Storage: A Case Study of the Southwestern 
United States,” 2013. 

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 
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New York ISO (NYISO) 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Kazemi, M., et al., “Operation Scheduling of Battery Storage Systems in Joint 
Energy and Ancillary Services Markets,” 2017. 

Kazemi M., and H. Zareipour, “Long-term Scheduling of Battery Storage 
Systems in Energy and Regulation Markets Considering Battery’s Lifespan,” 
2017. 

Walawalkar, R. et. al., “Economics of Electric Energy Storage for Energy 
Arbitrage and Regulation in New York,” 2007. 

New York State  

New York State Energy Research and Development Authority (NYSERDA), 
“Clean Energy Fund Investment Plan: Energy Storage Chapter,” 2017.  

New York State Energy Research and Development Authority (NYSERDA), 
“Guide to Estimating Benefits and Market Potential for Electricity Storage in 
New York (With Emphasis on New York City),” 2007.  

Phelps, J.,”NYSERDA Energy Storage and NY-BEST Program: Market 
Characterization and Assessment”, 2017.   

Massachusetts  

Massachusetts Department of Energy Resources (DOER), "State of Charge: 
Massachusetts Energy Storage Initiative Study," 2016. 

Midcontinent ISO (MISO) 

Center for Energy and Environment (Minnesota), “The Context for Energy 
Storage to Facilitate Renewable Electricity in Minnesota,” 2016.  

Chen. Y. et. al., “Incorporating short-term stored energy resource into Midwest 
ISO energy and ancillary service market,” 2011. 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Midcontinent Independent System Operator (MISO), Energy Storage Study, 
MISO, Policy Studies, 2014.  

Rastler, D., “MISO Energy Storage Study Phase 1 Report,” 2011. 
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Sakti A., et al., “Enhanced representations of lithium-ion batteries in power 
systems models and their effect on the valuation of energy arbitrage applications,” 
2017.  

University of Minnesota's Energy Transition Lab, et al., “Modernizing 
Minnesota’s Grid: An Economic Analysis of Energy Storage Opportunities,” 
2017. 

Minnesota 

University of Minnesota's Energy Transition Lab, et al., “Modernizing 
Minnesota’s Grid: An Economic Analysis of Energy Storage Opportunities,” 
2017. 

Center for Energy and Environment (Minnesota), “The Context for Energy 
Storage to Facilitate Renewable Electricity in Minnesota,” 2016.  

Minnesota Department Of Commerce/Minnesota Legislative Energy 
Commission, Minnesota’s 2025 Energy Action Plan, 2016. 

PJM RTO 

Denholm, P., and T. Mai, “Timescales of Energy Storage Needed for Reducing 
Renewable Energy Curtailment,” 2017. 

Denholm, P., and R. Sioshansi, “The value of compressed air energy storage with 
wind in transmission-constrained electric power systems,” 2009. 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Salles, M. B. C., et al., “Potential Arbitrage Revenue of Energy Storage Systems 
in PJM during 2014,” 2015. 

Sioshansi, R., et. al., "A Comparative Analysis of the Value of Pure and Hybrid 
Electricity Storage," 2011.  

Sioshansi, R. et. al., “Estimating the Value of Electricity Storage in PJM: 
Arbitrage and Some Welfare Effects,” 2009. 

Ward, M., "Resource Commitment and Dispatch in the PJM Wholesale 
Electricity Market," 2011.  

Xi, X., and R. Sioshansi, "A Dynamic Programming Model of Energy Storage 
and Transformer Deployments to Relieve Distribution Constraints," 2016.  

Xi, X., et. al., "A Stochastic Dynamic Programming Model for Co-optimization 
of Distributed Energy Storage," 2014. 
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ERCOT (Texas) 

Chang, J. et al., "The Value of Distributed Electricity Storage in Texas: Proposed 
Policy for Enabling Grid-Integrated Storage Investments," 2015.  

de Sisternes, F., et al., “The contribution of energy storage to climate change 
mitigation in the electricity sector,” 2016. 

Denholm, P. et. al., “Decarbonizing the Electric Sector: Combining Renewable 
and Nuclear Energy using Thermal Storage,” 2012.  

Denholm, P. and Hand, M., “Grid Flexibility and Storage Required to Achieve 
Very High Penetration of Variable Renewable Electricity,” 2011. 

Denholm, P., and R. Sioshansi, “The value of compressed air energy storage with 
wind in transmission-constrained electric power systems,” 2009. 

Fertig, E., and Apt, J., “Economics of compressed air energy storage to integrate 
wind power: A case study in ERCOT,” 2011. 

Kintner-Meyer, M., et al., “National Assessment of Energy Storage for Grid 
Balancing and Arbitrage: Phase II: WECC, ERCOT, EIC, Volume 1: 
Technical Analysis,” 2013. 

Liu, Y., et al., “Multistage Stochastic Investment Planning with Multiscale 
Representation of Uncertainties and Decisions,” forthcoming. 

Sioshansi, R., “Emissions Impacts of Wind and Energy Storage in a Market 
Environment,” 2011.  

Sioshansi, R., “Increasing the Value of Wind with Energy Storage,” 2011.  

Sioshansi, R., “Welfare Impacts of Electricity Storage and the Implications of 
Ownership Structure,” 2010. 

Sioshansi, R., and P. Denholm, “Benefits of Colocating Concentrating Solar 
Power and Wind,” 2013.  

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 

Western Electric Coordinating Council (WECC) 

Denholm, P. et. al., “Analysis of Concentrating Solar Power with Thermal 
Energy Storage in a California 33% Renewable Scenario,” 2013. [California study 
using WECC model] 

Ecofys, “Energy Storage Opportunities and Challenges: A West Coast 
Perspective White Paper.” 2014.  
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Eichman, J. et. al., “Operational Benefits of Meeting California’s Energy Storage 
Targets,” 2015. [California study using WECC model] 

Fernandez-Blanco, R., et al., “Optimal Energy Storage Siting and Sizing: A 
WECC Case Study,” 2017. 

Jorgenson, J. et al., “Estimating the Value of Utility-Scale Solar Technologies in 
California Under a 40% Renewable Portfolio Standard,” 2014. [California study 
using WECC model] 

Kintner-Meyer, M., et al., “National Assessment of Energy Storage for Grid 
Balancing and Arbitrage: Phase II: WECC, ERCOT, EIC, Volume 1: 
Technical Analysis,” 2013. 

Kintner-Meyer, M.C.W., et al., “National Assessment of Energy Storage for 
Grid Balancing and Arbitrage: Phase 1, WECC,” 2012. 

Koritarov, V., et al., “Modeling and Analysis of Value of Advanced Pumped 
Storage Hydropower in the United States,” 2014.  

Koritarov, V. et. al., "Modeling and Simulation of Advanced Pumped - Storage 
Hydropower Technologies and their Contributions to the Power System," 2013. 

Oikonomou, K., et al., “Energy Storage in the Western Interconnection: Current 
Adoption, Trends and Modeling Challenges,” 2017. 

Individual Utilities 

California ISO (CAISO), “Moorpark Sub-Area Local Capacity Alternative 
Study,” 2017. (Southern California Edison) 

Denholm, P., et al., “The Relative Economic Merits of Storage and Combustion 
Turbines for Meeting Peak Capacity Requirements under Increased Penetration 
of Solar Photovoltaics” 2015. 

Denholm, P., et. al., “Impact of Wind and Solar on the Value of Energy 
Storage,” 2013. 

Denholm, P., et. al., “The Value of Energy Storage for Grid Applications,” 2013. 

Madaeni, S. H., et al., “Estimating the Capacity Value of Concentrating Solar 
Power Plants with Thermal Energy Storage: A Case Study of the Southwestern 
United States,” 2013. 

Madaeni, S. H., et al., “How Thermal Energy Storage Enhances the Economic 
Viability of Concentrating Solar Power,” 2012. 

Nourai A., “Installation of the First Distributed Energy Storage System (DESS) 
at American Electric Power (AEP),” 2007. 
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Rittershausen, J., and McDonagh, M., “Moving Energy Storage from Concept 
to Reality: Southern California Edison’s Approach to Evaluating Energy 
Storage” 2010. 

Wu, D., et al.. “Assessment of Energy Storage Alternatives in the Puget Sound 
Energy System, Volume 2: Energy Storage Evaluation Tool,” 2013.  
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Section 8: Categorization by Geography 
and Organization – English 
Language Non-U.S. Studies 

Australia 

Hessami, M.A., and D. R. Bowly, “Economic feasibility and optimisation of an 
energy storage system for Portland Wind Farm (Victoria, Australia),” 2011. 

Canada 

Chitsaz, H., et al., “Electricity price forecasting for operational scheduling of 
behind-the-meter storage systems,” 2017. [Ontario market] 

Nasrolahpour, E., et al., “A bilevel model for participation of a storage system in 
energy and reserve markets,” 2017. [Alberta market] 

Nasrolahpour, E., et al., “Impacts of ramping inflexibility of conventional 
generators on strategic operation of energy storage facilities,” 2016. [Alberta 
market] 

Nasrolahpour, E., et al., “Bidding strategy for an energy storage facility,” 2016. 
[Alberta market] 

Nasrolahpour, E., et al., “Strategic sizing of energy storage facilities in electricity 
markets,” 2016. [Alberta market] 

Pearre, N. S. and L. G. Swan., “Renewable electricity and energy storage to 
permit retirement of coal-fired generators in Nova Scotia,” 2013.  

Shafiee, S., et al., “Economic Assessment of a Price-Maker Energy Storage 
Facility in the Alberta Electricity Market,” 2016. 

Zamani-Dehkordi, P., et al., “Price impact assessment for large-scale merchant 
energy storage facilities,” 2017.  [Alberta market] 
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Denmark 

Salgi, G. and Lund, H., “System behaviour of compressed-air energy-storage in 
Denmark with a high penetration of renewable energy sources,” 2008. 

European Commission 

European Commission, Directorate-General for Energy, “The future role and 
challenges of Energy Storage,” DG ENER Working Paper, 2013. 

France 

He, X. et. al., “Coupling electricity storage with electricity markets: a welfare 
analysis in the French market,” 2012.  

He, X. et. al., “Compressed Air Energy Storage multi-stream value assessment 
on the French energy market,” 2011.  

Germany 

Schill, W.P. and Kemfert, C., “Modeling strategic electricity storage: The Case 
of Pumped Hydro Storage in Germany,” 2011. 

Steffen, B., “Prospects for pumped-hydro storage in Germany,” 2012. 

Zucker A. and Hinchliffe T., "Optimum sizing of PV-attached electricity storage 
according to power market signals - A case study for Germany and Italy," 2014. 

Italy 

Benini, M., et al., “Battery energy storage systems for the provision of primary 
and secondary frequency regulation in Italy,” 2016.  

Fattori, F., et al., “High Solar Photovoltaic Penetration in the Absence of 
Substantial Wind Capacity: Storage Requirements and Effects on Capacity 
Adequacy,” 2017.  

Palone, F., et al., “Commissioning and testing of the first Lithium-Titanate 
BESS for the Italian transmission grid,” 2015. 

Zucker A. and Hinchliffe T., "Optimum sizing of PV-attached electricity storage 
according to power market signals - A case study for Germany and Italy," 2014. 

Japan 

Esteban, M. et. al., “Estimation of the energy storage requirement of a future 
100% renewable energy system in Japan,” 2012.  
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Spain 

Rangoni, B. et. al., “A contribution on electricity storage: The case of hydro-
pumped storage appraisal and commissioning in Italy and Spain,” 2012. 

United Kingdom 

Strbac, G., et al., “Opportunities for Energy Storage: Assessing Whole-System 
Economic Benefits of Energy Storage in Future Electricity Systems,” 2017.  

Strbac, G., et. al., "Strategic Assessment of the Role and Value of Energy 
Storage Systems in the UK Low Carbon Energy Future," 2012. 
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Section 9: Categorization by Model Type 
This section organizes the bibliography by analytical model type, and also indicates 
which types of storage technologies are modeled. In several sections, a table indicates 
which modeling tool was used. While there are many papers describing the various 
model structures identified here, only a few are focused particularly on storage modeling 
applications. 

Tool Surveys 

Hoffman, M.G., et al., “Analysis Tools for Sizing and Placement of Energy 
Storage for Grid Applications - A Literature Review,” 2010.  

Navigant Consulting, “Survey of Modeling Capabilities and Needs for the 
Stationary Energy Storage Industry,” May 2014.  

Zucker, A., et. al., “Assessing Storage Value in Electricity Markets: A literature 
review,” 2013. 

Storage Technology/Price-Taker Model – Deterministic 

A common model structure is called an “engineering model” of an energy storage system, 
or a “price-taker” model because it uses fixed market prices as inputs to conduct revenue 
maximization. The more sophisticated version of these models conduct dynamic 
optimization using a linear program or mixed integer program. The table below lists 
selected models used in the papers cited. 

Denholm, P., et al., “Evaluating the Technical and Economic Performance of 
PV Plus Storage Power Plants” 2017. 

Denholm, P., et. al., “Impact of Wind and Solar on the Value of Energy 
Storage,” 2013. 

Denholm, P., et. al., “The Value of Energy Storage for Grid Applications,” 2013. 

Denholm, P., and R. Sioshansi, “The value of compressed air energy storage with 
wind in transmission-constrained electric power systems,” 2009. 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  
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Eichman, J., et. al., “Operational Benefits of Meeting California’s Energy 
Storage Targets,” 2015. 

Electric Power Research Institute (EPRI), “Energy Storage Valuation in 
California: Policy, Planning and Market Information Relevant to the 
StorageVET™ Model,” 2016. 

Electric Power Research Institute (EPRI), “Cost-Effectiveness of Energy 
Storage in California,” 2013.  

Fatouros, P., et al., “Stochastic Dual Dynamic Programming for Operation of 
DER Aggregators under Multidimensional Uncertainty,” in press. 

Koritarov, V., et al., “Modeling and Analysis of Value of Advanced Pumped 
Storage Hydropower in the United States,” 2014.  

Madaeni, S. H., et al., “Estimating the Capacity Value of Concentrating Solar 
Power Plants with Thermal Energy Storage: A Case Study of the Southwestern 
United States,” 2013. 

Madaeni, S. H., et al., “How Thermal Energy Storage Enhances the Economic 
Viability of Concentrating Solar Power,” 2012. 
Sakti A., et al., “Enhanced representations of lithium-ion batteries in power 
systems models and their effect on the valuation of energy arbitrage applications,” 
2017.  

Salles, M. B. C., et al., “Potential Arbitrage Revenue of Energy Storage Systems 
in PJM during 2014,” 2015. 

Sioshansi, R., and P. Denholm, “Benefits of Colocating Concentrating Solar 
Power and Wind,” 2013.  

Sioshansi, R., et. al., "A Comparative Analysis of the Value of Pure and Hybrid 
Electricity Storage," 2011.  

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 

Sioshansi, R. et. al., “Estimating the Value of Electricity Storage in PJM: 
Arbitrage and Some Welfare Effects.” 2009. 

Strbac, G., et al., “Opportunities for Energy Storage: Assessing Whole-System 
Economic Benefits of Energy Storage in Future Electricity Systems,” 2017.  

University of Minnesota's Energy Transition Lab, et al., “Modernizing 
Minnesota’s Grid: An Economic Analysis of Energy Storage Opportunities,” 
2017. 
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Wu, D., et al.. “Assessment of Energy Storage Alternatives in the Puget Sound 
Energy System, Volume 2: Energy Storage Evaluation Tool,” 2013.  

Xu, B., et al., “Factoring the Cycle Aging Cost of Batteries Participating in 
Electricity Markets,” accepted 2017, forthcoming. 

Table 9–1 
Selected storage papers using price-taker models and specific tools 

Study Price-Taker Tool 

Eichman et al., 2015 NREL model 

EPRI, 2013 EPRI Energy Storage Valuation Tool (ESVT) 

Massachusetts DOER, 2016 EPRI ESVT 

University of Minnesota et al., 2017 EPRI ESVT 

Storage Technology/Price-Taker Model – With Uncertainty 

Drury, E., et al., “Value of Compressed Air Energy Storage in Energy and 
Reserve Markets,” 2011.  

Kazemi, M., et al., “Operation Scheduling of Battery Storage Systems in Joint 
Energy and Ancillary Services Markets,” 2017.  

Kazemi, M., and H. Zareipour, “Long-term Scheduling of Battery Storage 
Systems in Energy and Regulation Markets Considering Battery’s Lifespan,” 
2017. 

Krishnamurthy, D., et al., “Energy Storage Arbitrage Under Day-Ahead and 
Real-Time Price Uncertainty,” 2017. 

Madaeni, S. H., et al., “How Thermal Energy Storage Enhances the Economic 
Viability of Concentrating Solar Power,” 2012. 

Shafiee, S., et al., “Considering Thermodynamic Characteristics of a CAES 
Facility in Self-scheduling in Energy and Reserve Markets,” 2017. 

Sioshansi, R., and P. Denholm, “The Value of Concentrating Solar Power and 
Thermal Energy Storage,” 2010. 

Sioshansi, R. et. al., “Estimating the Value of Electricity Storage in PJM: 
Arbitrage and Some Welfare Effects.” 2009. 

Xi, X., and R. Sioshansi, "A Dynamic Programming Model of Energy Storage 
and Transformer Deployments to Relieve Distribution Constraints," 2016.  

Xi, X., et. al., "A Stochastic Dynamic Programming Model for Co-optimization 
of Distributed Energy Storage," 2014. 
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Wang Y., et al., “Stochastic coordinated operation of wind-battery energy storage 
system considering battery degradation,” 2016. 

Wankmüller F., et al., “Impact of Battery Degradation on Energy Arbitrage 
Revenue of Grid-level Energy Storage,” 2017. 

Production Cost – Deterministic 

The most common power system models used for economic and operational analysis of 
storage are production cost models. These types of models have been in use for many 
years in utility and regional planning functions as well as for price forecasting. The 
table below lists selected models used in the papers cited. 

California ISO (CAISO), “Benefits Analysis of Large Energy Storage,” 2017.  

Denholm, P., et al., “Evaluating the Technical and Economic Performance of 
PV Plus Storage Power Plants” 2017. 

Denholm, P., et al., “The Relative Economic Merits of Storage and Combustion 
Turbines for Meeting Peak Capacity Requirements under Increased Penetration 
of Solar Photovoltaics” 2015. 

Denholm, P. et. al., “Analysis of Concentrating Solar Power with Thermal 
Energy Storage in a California 33% Renewable Scenario,” 2013. 

Denholm, P. et. al., “Value of CSP with Thermal Energy Storage in the Western 
United States,” 2014.   

Denholm, P. and M. Hummon, “Simulating the Value of Concentrating Solar 
Power with Thermal Energy Storage in a Production Cost Model,” 2012. 

DNV-GL, "Energy Storage Cost‐effectiveness Methodology and Results," 2013. 

Eichman, J. et. al., “Operational Benefits of Meeting California’s Energy Storage 
Targets,” 2015.  

Jorgenson, J. et. al., “Estimating the Value of Utility-Scale Solar Technologies in 
California Under a 40% Renewable Portfolio Standard,” 2014. 

Kintner-Meyer, M., et al., “National Assessment of Energy Storage for Grid 
Balancing and Arbitrage: Phase II: WECC, ERCOT, EIC, Volume 1: 
Technical Analysis,” 2013. 

Kintner-Meyer, M.C.W., et al., “National Assessment of Energy Storage for 
Grid Balancing and Arbitrage: Phase 1, WECC,” 2012. 

Koritarov, V., et al., “Modeling and Analysis of Value of Advanced Pumped 
Storage Hydropower in the United States,” 2014.  
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Koritarov, V. et. al., "Modeling and Simulation of Advanced Pumped - Storage 
Hydropower Technologies and their Contributions to the Power System," 2013. 

Massachusetts Department of Energy Resources (DOER), "State of Charge: 
Massachusetts Energy Storage Initiative Study," 2016. 

University of Minnesota's Energy Transition Lab, et al., “Modernizing 
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