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Executive Summary 

Background 
This plan is an update to the City of Anaheim Public Utilities (APU) Department’s 2014 
Energy Storage System Plan (2014 ES Plan), including a revised energy storage (ES) 
procurement target to be achieved by December 31, 2021 and an evaluation of the viability 
and cost-effectiveness of the current ES technologies. As a not-for-profit public agency, APU 
is focused on serving the local community with reliable electric service while maintaining 
affordable rates for its customer-owners; therefore, any investment in energy storage 
resources must be done in a responsible, strategic manner. 
 
In an effort to accommodate intermittent renewable resources such as solar and wind 
generators and maintain the reliability of the bulk electric system, Assembly Bill (AB) 2514 
(Skinner, Chapter 469, Statutes of 2010) was signed into law on September 29, 2010. The 
statute requires all publicly owned utilities (POUs) to conduct an evaluation to determine 
appropriate targets, if any, for each utility to procure viable and cost-effective ES systems 
to be achieved by December 31, 2016, and a second target by December 31, 2021. The bill 
also requires that not less than once every three years (on or before October 1, 2017), the 
governing boards of all POUs shall re-evaluate their determinations of ES procurement 
targets to be achieved by December 31, 2021. 
 
Since 2014, ES adoption has increased significantly with roughly 4 Gigawatts (GW) 
installed by the end of 2016 according to research by Bloomberg New Energy Finance.  As 
such, APU has been monitoring the industry to determine how to incorporate projects into 
its system, without adversely affecting customer rates. Much of the ES development activity 
has been through Investor Owned Utilities (IOU), who have different rate recovery 
mechanisms than POUs; therefore, APU has been evaluating pilot projects to test financial 
viability, as well as public-private partnerships to leverage private investment that takes 
into consideration the rapid speed of technology advancement.  
 
APU’s activities since the 2014 ES procurement targets evaluation, include commissioning 
professional studies by third-party consulting firms (Appendix A: Leidos Study and 
Appendix B: DNV GL Study), conducting site visits to evaluate different ES installations, and 
evaluating different ES projects and pricing proposals. APU also conducted preliminary 
analyses of wholesale electricity market price data to identify potential value streams for 
ES. 

Findings 
The following findings were reached after conducting two professional studies and 
evaluating specific ES projects for use within Anaheim: 
 
1. The procurement target for December 31, 2021 is a 1 megawatt (MW) pilot 

project at Harbor Substation: APU is in the process of planning for a 1 MW ES pilot 
project at its new Harbor Substation (Figure 1), which is located in a strategic load 
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center serving high density developments in the Platinum Triangle, which is generally 
bounded by the 5 and 57 freeways and includes the Angel Stadium and Honda Center 
venues. Harbor Substation is currently being designed, and will include provisions for a 
1 MW ES pilot system that is fully dispatchable and integrated with APU’s other power 
resources. The Harbor Substation installation will allow APU staff to gain first-hand 
experience and validate the conceptual assumptions for future ES deployments, 
whether through APU procurement or by private corporations interconnected to APU’s 
local grid. 
 

 
Figure 1. Harbor Substation Rendering 
 

2. The next procurement target is a 10 MW ES installation at Canyon Power Plant by 
December 31, 2026: Canyon Power Plant (Canyon) is a 200 MW gas-fired peaking 
power plant that provides fast start-up to mitigate ramping when solar generation is 
typically coming off-line (Figure 2).  Anaheim is currently evaluating the most 
appropriate application of ES at Canyon, which may be a stand-alone system, or coupled 
with existing generating facilities in a hybrid manner that combines the speed of 
batteries with the efficiency of gas turbines. As battery ES technologies continue to 
mature and gain higher market share, different applications and control systems will be 
implemented and tested in California, allowing Anaheim to apply the solution best 
suited to its resource needs. With Anaheim’s own testing at Harbor Substation being 
completed, Anaheim expects to have more data and experience on how to optimize the 
operation of ES and demonstrate value to Anaheim customers prior to seeking Anaheim 
City Council approval on future procurements and California Energy Commission (CEC) 
authorization as the Canyon site is within CEC’s jurisdiction. A unique aspect of the 
Canyon Power Plant is that the existing 9-acre parcel has available space that was 
initially intended for future expansion of thermal resources; however, with the 
proliferation of intermittent renewables, APU now anticipates utilizing the available 
space for ES technology. 
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Figure 2. Canyon Power Plant 

 
3. ES may be an area of opportunity for APU: APU is committed to collaborating with 

the California Independent System Operator (CAISO), other State agencies, and utilities 
to preserve and improve the reliability of the electric grid system. APU is also 
committed in its holistic view that the procurement of reliable renewable resources, in 
a balanced manner, will continue to help the CAISO mitigate the need for additional 
flexible ramping capacity, in response to the overabundance and variability of wind and 
solar generation on the grid today. Although there is no immediate need for distribution 
infrastructure services or upgrade deferrals because Anaheim is essentially built-out 
and has a robust undergrounding program, over the next decade, ES may become a 
prominent part of APU’s resource assets. The prominence of ES systems in Anaheim will 
also be dependent on the proliferation of utility-scale renewables as well as customer-
owned distributed energy resources such as behind-the-meter solar and fuel cell 
systems that may require realignment of rate recovery mechanisms for fixed costs, 
adjustment of Time-of-Use (TOU) rates, and implementation of new demand response 
programs.   

 
4. ES may be viable and cost-effective for the provision of ancillary services: Based 

on APU’s analyses, ES currently has a limited effect in its ability to shift energy from one 
time period to another in the CAISO wholesale electricity market. However, APU studied 
the potential for ES to provide ancillary services. The costs of regulation and spinning 
reserves in the CAISO market for APU have increased significantly from 2014 to 2016. 
Regulation-up and regulation-down services cost approximately twice as much from 
2014 to 2016, and spinning reserve cost increased by more than 20%. Since ancillary 
services are much smaller in megawatt volume compared to energy products, current 
battery ES technologies, particularly the Lithium-Ion technology, may be a potentially 
viable and cost-effective means to self-provide ancillary services. The proposed 1 MW 
ES pilot project at Harbor Substation and continued monitoring of ancillary service 
costs will help determine the feasibility of these benefits for future ES projects, and 
whether or not market conditions dictate potential acceleration of upcoming projects. 
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5. APU is also considering other ES project proposals: APU is currently reviewing three 

additional ES project proposals, the Yorba Battery Storage Project, the San Vincente ES 
Facility, and the Hoover Pumped Storage Project. These project proposals are 
intrinsically different in ES technology, application, and ownership structures. The 
project proposals will be evaluated to determine potential benefits to Anaheim 
customers. 

Conclusions 
From the findings above, APU concludes and recommends the following:  
 

1. Adoption of ES procurement targets for December 31, 2021 at 1 MW for the Harbor 
Substation ES pilot project to plan for the 10 MW ES installation at the Canyon 
Power Plant by December 31, 2026; and, 
 

2. Additionally, APU will continue to evaluate ES proposals, including the Yorba 
Battery Storage Project, the San Vincente ES Facility, and the Hoover Pumped 
Storage Project; and, 

 
3. APU will continue to evaluate ES technologies and opportunities by monitoring 

other utility projects and collaborating with various utility industry and public 
agency groups.  
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Section 1:  Introduction 

APU’s development of the 2014 ES Plan was in response to mandates established by AB 
2514, an energy storage bill that was signed into law on September 29, 2010. AB 2514 
requires all utilities statewide, which serve more than 60,000 customers, to analyze and 
adopt policies for the procurement of ES. As a POU with more than 115,000 electric 
customers, APU is required to comply with the bill.   
 
This plan serves as an update to the 2014 ES Plan and provides the findings and 
recommendations from APU’s evaluation efforts related to ES. Specifically, this plan 
discusses the regulatory requirements under AB 2514 and APU’s activities in analyzing the 
viability and cost-effectiveness of current ES technologies.  

Requirements of Assembly Bill 2514:  Energy Storage Systems 
AB 2514 seeks to ensure that the State’s electricity system, including the grid and 
electricity market itself, are structured to support ES such that multiple benefits can be 
realized to the extent they exist. To achieve the goal of integrating ES into the existing 
electric grid, AB 2514 laid out a process and timeline for the evaluation and 
implementation of ES and the associated policies, as well as defining energy storage for 
purposes of the bill’s implementation. Specifically, the bill directed the California Public 
Utilities Commission (CPUC) to hold proceedings for all IOUs and required the governing 
boards of all POUs to conduct an evaluation to determine appropriate targets, if any, for 
each utility to procure viable and cost-effective ES systems.1   

Applicable Energy Storage Systems 

AB 2514 defines characteristics and purposes that must be met by an ES system for it to be 
considered a valid ES use under the bill. As a not-for-profit public agency, APU is required 
by its City Charter to recover its direct costs from ratepayers, and as such, significant 
investments in ES technologies require sufficient due diligence to quantify and 
demonstrate value to customers and avoid the potential for stranded investments. With the 
accelerated deployment of ES projects since 2014 and technological advancement in the 
industry, APU is proceeding with testing, analysis, and planning for ES as part of its 
transformation of power resources to clean, sustainable resources. 
 
In addition to being viable and cost-effective, the ES systems must perform at least one of 
the following functions2: 
 

 Use mechanical, chemical, or thermal processes to store energy that was generated 
at one time for use at a later time. 

 Store thermal energy for direct use for heating or cooling at a later time in a manner 
that avoids the need to use electricity at that later time. 

                                                        
1 Section 2836.6 of AB 2514, Skinner, Energy Storage Systems. 
2 Section 2835(a)(4) of AB 2514. 
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 Use mechanical, chemical, or thermal processes to store energy generated from 
renewable resources for use at a later time. 

 Use mechanical, chemical, or thermal processes to store energy generated from 
mechanical processes that would otherwise be wasted for delivery at a later time. 

 
It further requires that the ES system accomplish one or more of the following purposes3: 
 

 Reduce emissions of greenhouse gases (GHG),  
 Reduce demand for peak electrical generation,  
 Defer or substitute for an investment in generation, transmission or distribution 

assets, or  
 Improve the reliable operation of the electrical transmission or distribution grid. 

 
Overarching these specific requirements is the intent of the bill outlined in the findings and 
declarations.  ES systems are expected to:4 
 

 Integrate intermittent generation from eligible renewable energy resources into the 
reliable operation of the electric system. 

 Allow intermittent generation from eligible renewable energy resources to operate 
at or near full capacity. 

 Reduce the need for new fossil-fuel powered peaking generation facilities by using 
stored electricity to meet peak demand. 

 Reduce purchases of electricity generation sources with higher emissions of 
greenhouse gases. 

 Eliminate or reduce transmission and distribution losses, including increased losses 
during periods of congestion on the grid. 

 Reduce the demand for electricity during peak periods and achieve permanent load-
shifting by using thermal storage to meet air-conditioning needs. 

 Avoid or delay investments in distribution system upgrades. 
 Use energy storage systems to provide the ancillary services otherwise provided by 

fossil-fueled generating facilities. 

Timing Requirements 

AB 2514 included deadlines to ensure that utilities undertake the efforts envisioned by the 
bill, and that the processes and results are made available to the public in a manner as 
transparent as possible.  The following milestones have been reached, and the remaining 
deadlines are applicable to APU5: 
 

1. In April 2012, the Anaheim City Council initiated a process to determine an 
appropriate target, if any, for APU to procure viable and cost-effective energy 
storage at the recommendation of the Anaheim Public Utilities Board.  As part of the 

                                                        
3 Section 2835(3) of AB 2514. 
4 Paraphrased from Section 1 of AB 2514. 
5 Paraphrased from AB 2514. 
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process, APU considered a variety of possible policies to encourage the cost-
effective deployment of energy storage systems, including refinement of existing 
procurement methods to properly value energy storage systems. 

2. In August 2014, the Anaheim City Council determined, consistent with APU’s 
evaluation, that the adoption of procurement targets for ES systems for either 
December 31, 2016 or December 31, 2021 was not appropriate due to lack of cost-
effective ES system options. APU submitted its Energy Storage Resolution No. 2014-
146, Staff Report, and the 2014 ES Plan to the CEC. All filed documents were 
published on the CEC website at 
http://www.energy.ca.gov/assessments/ab2514_reports/City_of_Anaheim/. 

3. In November 2016, APU filed its 2016 Compliance Report to the CEC, stating that 
consistent with the 2014 ES procurement targets determination, it has not made 
any new ES commitments to date. This report was also published on the 
abovementioned CEC website.  

4. Once every three years (on or before October 1, 2017), the Anaheim City Council is 
required to reevaluate the determinations made by the previous processes.   

5. APU is required to report to the CEC regarding any energy storage system 
procurement targets and policies adopted by the Anaheim City Council during the 
initial and subsequent evaluations. 

6. By January 1, 2022, APU is required to submit a report to the CEC demonstrating 
that it complied with the ES System procurement targets or ES system procurement 
policies adopted by the Anaheim City Council.  The report, with confidential 
information redacted, shall be made available to the public by the CEC and/or APU 
on their respective websites. 

 
APU continues to evaluate advances in ES technologies and closely monitors other utilities’ 
investments in ES systems. APU also participates in the Southern California Public Power 
Authority’s (SCPPA) Energy Storage and Renewable Working Groups to actively review 
new and existing technologies for any joint ES pilot project opportunity, and evaluates 
proposals in SCPPA’s annual solicitation for new resources. The next sections discuss APU’s 
activities since the 2014 ES procurement targets evaluation and APU’s ES strategic plan. 

http://www.energy.ca.gov/assessments/ab2514_reports/City_of_Anaheim/
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Section 2:  Outlook for Energy Storage in Anaheim 

This section reviews the current ES status in Anaheim and the changes since the 2014 ES 
procurement targets evaluation. Additionally, it discusses the outlook for ES in Anaheim.      

Current ES Systems Operating in Anaheim 
In the 2014 ES Plan, APU discussed and provided an overview of the exiting ES systems 
operating in the City of Anaheim, of which there were over 3 MW (3,150.20 kW) of Thermal 
Energy Storage (TES) systems installed. These TES systems chill water or generate ice at 
night when electricity demand is typically lower and then use the chilled water or ice to 
cool the air during the day. Given then proliferation of utility scale solar generation in 
California, the effectiveness of TES is not the same as initially intended.  By shifting air-
conditioning load from the afternoon to early morning hours, TES does not necessarily help 
to store the oversupply of solar energy now on-line within the CAISO control area, 
especially in the Spring when there is an overabundance of solar and hydro generation.  
 
Table 1 below shows current ES projects installed in Anaheim.   
 

Table 1:  ES Systems Operating in the City of Anaheim 

Project Date Operational On-Peak kW Shifted 

Small Scale Systems   
Fire Station #8 2004 6.70 
Customer Sited Systems 2007 125.11 
Customer Sited Systems 2008 93.41 
Customer Sited Systems 2009 26.82 
Canyon Power Plant 2012 23.16 

Total of Small Scale System  275.20 
 

Large Scale Systems   
Customer Sited Systems 2011 2,356.00 
Anaheim West Tower 1992 519.00 

Total of Large Scale Systems  2,875.00 
 

Total Installed kW of Energy Storage  3,150.20 

Changes since the 2014 ES Procurement Targets Evaluation 
There have been several changes since 2014 resulting in factors influencing the outlook for 
ES in Anaheim: 

 Technology – Costs of ES systems, especially Lithium-Ion batteries, have come 
down. The battery storage market is becoming more competitive, resulting in the 
rapid technological advancement and also bankruptcies of several emerging 
technology startups. Figures 3-5 illustrate the projected cost reductions for different 
ES technologies.6 

                                                        
6 Det Norske Veritas and Germanischer Lloyd (DNV GL), ES Study for NCPA and SCPPA, May 2017.  
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Figure 3: Energy Storage Equipment Cost Trends
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Figure 4: Power Conversion Equipement Cost Trends
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 Grid condition – California has significantly more renewable energy resources each 
year. As Table 2 below indicates, the CAISO’s solar energy production peaks have 
doubled in less than three years. These solar resources are intermittent in nature 
and cease output around late afternoon to early evening, contributing to the low net 
minimum load conditions. To balance energy supply and demand on the grid, the 
CAISO needs fast response resources to accommodate the steep ramp in demand in 
the late afternoon hours. 

 

Table 2:  CAISO Solar Energy Production Peaks7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
7 California Independent System Operator, CEO Reports, website, http://www.caiso.com, July 11, 2017.  
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Figure 5: Power Control Cost Trends

Date Time Peak Production MW 

4/21/2017 12:08 PM 9,868 

3/2/2017 10:07 AM 9,066 

9/14/2016 12:06 PM 8,545 

8/9/2016 12:29 PM 8,375 

5/11/2016 12:33 PM 7,755 

3/16/2016 11:11 AM 6,835 

9/17/2015 2:01 PM 6,506 

8/21/2015 12:23 PM 6,446 

7/13/2015 1:28 PM 6,299 

4/28/2015 1:27 PM 6,038 

3/6/2015 10:19 AM 5,812 

9/29/2014 2:18 PM 4,903 

http://www.caiso.com/
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 Aliso Canyon gas storage facility leak – Southern California Gas Company’s 
underground gas storage facility in Los Angeles had a leak in 2015, resulting in 
continued electrical reliability risks in the Los Angeles area basin.  

 Legislation and public opinion – Senate Bill 350 requires more renewable energy 
resources, which elevates attention on topics such as energy storage, distributed 
generation, and demand response. Based on APU’s recent Integrated Resources Plan 
Customer Survey, customers in general are supportive of renewable resources, and 
about one-third of large business customers with interruptible on-site power 
generation would support incentivized demand response programs. However, 
customers are concerned about future rate impacts resulting from additional 
mandates.     

Outlook for ES in Anaheim 
APU is committed to collaborating with the CAISO, other State agencies, and utilities to 
preserve and improve the reliability of the electric grid system. Historically, APU has 
recognized the need for non-intermittent and reliable renewable resources and invested in 
baseload renewable resources such as biomass & waste (including landfill gas) and 
geothermal, which constitute more than 50% of APU’s renewable power mix.8 To ensure 
minimal impact to the grid, APU has also carefully chosen renewable wind resources from 
diverse geographic regions with complimentary energy production profiles. For example, 
APU’s wind resources in Wyoming on average generate renewable energy at different 
times, and seasons, than when APU’s wind resources in Palm Springs, CA are generating. 
APU has pursued a holistic strategy of procuring reliable renewable resources in a balanced 
manner that has helped the CAISO to mitigate the need for additional flexible ramping 
capacity in response to the variability of wind and solar generation. 
 
ES may be an area of opportunity for APU to continue its strategic plan for a balanced, 
sustainable, cost-effective supply portfolio. Although there does not appear to be an 
immediate need for distribution infrastructure services or upgrade deferrals, over the next 
decade, ES may become a prominent part of APU’s resource mix to mitigate renewable 
intermittency and address ancillary services requirements. As such, APU is planning to test 
ES at Harbor Substation and has the available space at Canyon Power Plant. Concurrently, 
APU will continue evaluating different ES technologies and ownership structures that 
provide the most value to customers.  
 

                                                        
8 California Energy Commission, Utility Annual Power Content Labels for 2015, website, 
http://www.energy.ca.gov/pcl/labels/2015_labels/Anaheim.pdf, May 15, 2017. 

http://www.energy.ca.gov/pcl/labels/2015_labels/Anaheim.pdf
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Section 3:  Energy Storage Deployment Plan 

As mentioned, APU plans to implement a near-term plan to install and test a 1 MW ES pilot 
at the proposed Harbor Substation by December 31, 2021. By integrating the ES system 
into APU’s power supply portfolio, it will provide the opportunity to test dispatch 
capabilities to address CAISO market opportunities as intermittent resources continue to 
proliferate in California. 
 
A future ES installation is earmarked at the Canyon Power Plant, which is a 200 MW facility 
located on a 9 acre site in an industrial area in Anaheim with no residential areas nearby. It 
provides electricity to meet Anaheim’s peak demand, enhance system reliability, and 
reduce APU’s reliance on out-of-state resources. The Canyon Power Plant has available 
space to support ES resources with the optionality of a hybrid system combined with gas 
turbine technology, or stand-alone batteries. 
 
The following section outlines APU’s internal analyses and external professional studies, 
together with its strategic plan for the development of 10 MW ES at the Canyon Power 
Plant by December 31, 2026.    

Potential ES Applications 
To determine the appropriate application for ES at the Canyon Power Plant, APU 
researched the viability and cost-effectiveness of utilizing the ES as different products in 
the CAISO wholesale electricity market.  

Energy Time-Shift 

The first type of product is energy. The ES system would be utilized to perform energy 
time-shift, which means shifting energy from one time period to another in the market. It 
would allow APU to react to price signals from the wholesale market by charging the ES 
system during low-priced hours and then quickly reacting to high energy prices by 
discharging during high-priced hours.  
 
In 2016, APU engaged Leidos, a global consulting firm that specializes in energy solutions 
and utility planning, to assess the potential for various distributed generation technologies, 
including ES systems, to be installed at the Canyon Power Plant (see Appendix A).  Leidos 
employed a three-step approach: site evaluation, technology prioritization, and business 
case assessment. Leidos identified that there is sufficient space at the Canyon Power Plant 
for a 12,500 kW / 50,000 kWh capacity battery ES system at an estimated installed capital 
cost of $38,363,000. While technically feasible, current market prices do not support the 
business case, as Leidos concluded that bidding into the CAISO energy market would 
produce a negative net present value (NPV) for the project lifetime.  Based on the analysis, 
APU concluded that ES advancement needs to continue to lower capital costs and CAISO 
market conditions need to support ES systems in order to justify investment in large scale 
systems in Anaheim.  
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APU conducted an additional analysis of how the ES would react to price signals if it were 
bid into the CAISO wholesale market for energy based on the 2015 and 2016 real time 
market prices:  
 

Table 3:  Real Time Market Price Analysis 

 
 

Although there appears to be some opportunities for electric energy time-shift, these 
prices do not present cost-effective uses for energy bids, based on the  Lithium-Ion 
battery industry cost trend in 2015 (levelized cost $321 to $658 per MWh) and 2016 
(levelized cost $285 to $581 per MWh) for the peaker plant replacement use case.9 APU 
expects the cost will continue to drop in the coming years, and approach cost 
effectiveness.     

 

 

                                                        
9 Greentech Media, Storage Costs Come Down Across Technologies and Applications According to Lazard Report, website, 
https://www.greentechmedia.com/articles/read/energy-storage-costs-lcos-lazard-lithium-ion-flow-batteries, December 19, 2016. 
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 $(165.42)  $(99.84)  $(34.26)  $31.32  $96.90  $162.48  $228.07 $ 228.07 +

F I G U R E  6 :  F R E Q U E N C Y  O F  2 0 1 5  F I V E - M I N U T E  E N E R G Y  P R I C E S

 2015 2016 

Average of the five-minute real time prices per MW $31.32 $29.33 

Percentage of the five-minute intervals that are below the annual 
average price (meaning that the ES could potentially charge during 
these intervals) 

68% 73% 

Average price per MW of intervals that are below the annual 
average price 

$19.92 $17.17 

Percentage of the five-minute intervals that are above the annual 
average price (meaning that the ES could potentially discharge 
during these intervals) 

32% 27% 

Average price per MW of intervals that are above the annual 
average price 

$56.09 $62.15 

https://www.greentechmedia.com/articles/read/energy-storage-costs-lcos-lazard-lithium-ion-flow-batteries
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Ancillary Services 

APU subsequently researched the potential in utilizing the ES for ancillary services 
products by conducting an analysis on the products that APU regularly procures from the 
CAISO wholesale market, as depicted in Tables 4, 5, and 6 below. The costs of these 
ancillary services products increased significantly in 2016. Regulation-up and regulation-
down services cost approximately twice as much from 2014 to 2016, and spinning reserve 
cost increased by more than 20%. Since ancillary services are much smaller in megawatt 
(MW) volume compared to energy products, ES may become a viable source of ancillary 
services for APU over the next decade if the trend of price increase continues. Table 7 
shows APU’s actual cost of ancillary services per MWh of load for the past three fiscal years 
and the forecast cost for the next decade. APU will use this data to analyze the cost-
effectiveness of utilizing ES for ancillary services as it installs and tests the 1 MW ES system 
at Harbor Substation. 
 

Table 4:  Recent Costs of Regulation Up 
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F I G U R E  7 :  F R E Q U E N C Y  O F  2 0 1 6  F I V E - M I N U T E  E N E R G Y  P R I C E S

Regulation Up 

Year MW Amount $/MW 

2014 32,732 $211,308 $6.46 

2015 33,092 $187,889 $5.68 

2016 38,893 $427,961 $11.00 
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Table 5:  Recent Costs of Regulation Down 

 
 
 
 
 
 

 

Table 6:  Recent Costs of Spinning 

 
 
 
 

 
 

 

Table 7:  Cost of Ancillary Services 

 
 

Potential ES Technologies 
To determine the appropriate technology for ES at the Canyon Power Plant, APU engaged 
Det Norske Veritas and Germanischer Lloyd (DNV GL) to review the current ES 
technologies and market trends. DNV GL is a company that provides advisory services in 
energy efficiency, renewable integration, clean conventional power generation, renewable 
plant operations improvement services, transmission and distribution grids, energy 
storage, measurements and cyber security.   
 

Regulation Down 

Year MW Amount $/MW 

2014 31,309 $122,476 $3.91 

2015 31,152 $97,224 $3.12 

2016 39,319 $344,351 $8.76 

Spinning 

Year MW Amount $/MW 

2014 73,906 $366,017 $4.95 

2015 38,723 $168,417 $4.35 

2016 39,039 $236,031 $6.05 

Total Cost of Spinning, Non Spinning, Regulation Up, and Regulation Down 

Fiscal Year Amount Total Load (MWh) $/MWh of Load 

Actual 

2014/2015 $579,174 2,500,131 $0.23 

2015/2016 $982,240 2,500,977 $0.39 

2016/2017 $940,007 2,427,397 $0.39 

Forecast 

2017/2018 $967,643 2,436,192 $0.40 

2018/2019 $996,092 2,429,453 $0.41 

2019/2020 $1,025,377 2,419,882 $0.42 

2020/2021 $1,055,523 2,409,527 $0.44 

2021/2022 $1,086,555 2,398,922 $0.45 

2022/2023 $1,118,500 2,388,276 $0.47 

2023/2024 $1,151,384 2,377,588 $0.48 

2024/2025 $1,185,235 2,366,900 $0.50 

2025/2026 $1,220,081 2,364,318 $0.52 

2026/2027 $1,255,951 2,370,229 $0.53 
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This DNV GL study (Appendix B), completed in May 2017, is a joint effort with other 
member Publicly Owned Utilities from the Northern California Power Agency (NCPA) and 
the SCPPA. The study had two parallel tracks. In the first track, DNV GL reviewed seven 
current ES technologies in the areas of characteristics, capabilities, applications and cost-
effectiveness. In the second track, DNV GL evaluated the process and rationale used by the 
CPUC for determining and adopting ES procurement targets and the related efforts by the 
three major IOUs (SCE, PG&E and SDG&E). 
 
DNV GL reviewed and rated several current and commercially available ES technologies, 
and the detailed descriptions are in Appendix B:  

 Lithium-Ion – utilizes the exchange of Lithium ions between electrodes to charge 
and discharge the battery; is well suited for fast-response applications like 
frequency regulation, frequency response, and short-term (30-minutes or less) 
spinning reserve applications; most popular chemistries are listed below. 
o Lithium Nickel Cobalt Manganese Oxide Battery (NCM) 
o Lithium Iron Phosphate Battery (LFP) 
o Lithium Titanate Battery (LTO) 

 Vanadium Redox Flow Battery – also called Vanadium flow batteries; are based on 
the redox reaction between the two electrolytes in the system; can serve both long 
and short durations, but is more costly and still maturing. 

 Flywheel Energy Storage – stores energy as the rotational kinetic energy of a 
spinning mass (the rotor); most useful and cost effective for very short duration 
plus high power applications. 

 Compressed Air Energy Storage – stores electricity by compressing air into a 
reservoir and generates electricity by expanding the compressed air in a gas 
turbine; the compressed air is stored in a suitable geological formation such as salt 
domes, aquifers or depleted gas fields; is designed for to support extremely long 
duration energy applications. 

 Thermal Energy Storage (ice-based technologies) – entails freezing water, or a 
water-based solution, at night to support space cooling during the day; application 
is exclusively space cooling and the associated load shifting. 

 
Out of the ES technologies reviewed, DNV GL rated Lithium-Ion family of batteries most 
well-rounded in terms of providing fast-response applications. Lithium-Ion technologies 
have reduced in price and improved in operation. The next highest rated ES technology is 
Vanadium Redox batteries (VRB). APU found VRB to be costly and physically space-
consuming in its 2014 ES Plan, and these two findings continue to be supported by the DNV 
GL study.  
 
DNV GL noted that TES, despite its application being limited to exclusively space cooling, is 
cost competitive for facilities or utilities who host facilities. As indicated in its 2014 ES Plan, 
APU has successfully used or assisted customers to use TES to shift demand to off-peak 
hours at several sites throughout the City of Anaheim. TES has recently become available to 
residential customers, and SCPPA has a contract with the manufacturer, Ice Energy, for a 
pilot project. While the technology has proven results from commercial and industrial 
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customers in the past before the CAISO’s “duck curve” became problematic, APU does not 
deem it beneficial for its residential customers at this time due to its physical equipment 
size as well as the diminishing effectiveness of TES, as described previously. APU continues 
to follow the technological advancement in TES and the evolution of on-peak and off-peak 
periods from CAISO’s duck curve and may consider TES again if it becomes viable. 
 
Although the associated costs are still relatively high ($325-$850 per kWh for equipment 
costs depending on battery chemistry type), at this time, Lithium-Ion batteries appear to be 
the best choice for ES technology at the Canyon Power Plant. 

Potential ES Configurations  
The ES system at the Canyon Power Plant could have two potential configurations: hybrid 
battery ES or stand-alone battery ES. APU is still evaluating these two configurations based 
on testing, case studies, and proposal evaluations.    

Hybrid Battery ES 

General Electric has recently developed a new technology of hybrid modification (LM6000 
Hybrid Enhanced Gas Turbine System or EGT™10) that adds battery storage to suitable 
power plants to provide additional spinning, regulation-up, and regulation-down reserves 
in addition to the previously capable non-spinning capacity. This technology combines a 
combustion gas turbine with an integrated battery storage component operated by a 
proprietary software system. With a hybrid battery configuration, APU could offer, or self-
provide, spinning and non-spinning reserves into the CAISO wholesale market. These 
products reserve capacity that can be dispatched to ensure that the regional electric grid 
has sufficient electricity to serve load.   
 
The Canyon Power Plant is a 200 MW plant consisting of four General Electric LM6000 
combustion turbines, which regularly provide flexible ramping capacity to the CAISO. The 
Canyon Power Plant is potentially suitable for the abovementioned hybrid modification of 
10 MW battery storage system. APU is closely following the application of this new 
technology as they are deployed in southern California.   
 
The first project is the Stanton Energy Reliability Center project, developed by Wellhead 
Electric Company and awaiting CEC approval. This project, a proposed 98 MW facility in 
Orange County, California, utilizing the abovementioned technology, will provide 
generation for local reliability in SCE’s West Los Angeles Basin Subarea.11 Project 
construction is anticipated to begin late 2018 with full-scale commercial operation in 2019.  
 
The second project is SCE’s Center Power Plant in Norwalk, California. The Center Power 
Plant is a 50MW General Electric LM6000 combustion turbine that was modified to 
integrate a battery storage system from GE as a storage solution to SCE’s 2016 Aliso 
                                                        
10 General Electric, Power Generation, Gas Turbine Upgrades, LM6000 Hybrid EGT™, website,  
https://powergen.gepower.com/services/upgrade-and-life-extension/gas-turbine-upgrades/gas-turbine-upgrades-catalog/hybrid-
egt.html, April 12, 2017.  
11 California Energy Commission, Stanton Reliability Energy Center, website, http://www.energy.ca.gov/sitingcases/stanton, April 10, 
2017.  

https://powergen.gepower.com/services/upgrade-and-life-extension/gas-turbine-upgrades/gas-turbine-upgrades-catalog/hybrid-egt.html
https://powergen.gepower.com/services/upgrade-and-life-extension/gas-turbine-upgrades/gas-turbine-upgrades-catalog/hybrid-egt.html
http://www.energy.ca.gov/sitingcases/stanton
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Canyon Energy Storage Request for Offers.12 In April 2017, APU staff toured the Center 
Power Plant and its new 10 MW/4.3 MWh Lithium-Ion battery storage system to learn 
about the upgraded hybrid battery/turbine controls and the emission control system. 

Stand-Alone Battery ES 

The other potential ES configuration is the more common, containerized and stand-alone 
battery ES. To understand the current commercially available products, APU reviewed the 
responses to the Request for Information (RFI) on Energy Storage Technologies, issued by 
SCPPA on behalf of its member utilities on February 23, 2017 (see Appendix C). The RFI 
had a total of 14 responses, varying in ES technologies and proposals. Out of the 14 
responses, APU found seven responses to be potentially suitable. These seven responses 
are battery storage technologies, including Lithium-Ion, Sodium Sulfur, and Vanadium 
Redox at various MW and duration capabilities, and their physical footprints may be 
appropriate for the reserved ES space in the planned Harbor Substation. APU in currently 
reviewing these seven responses and qualifications more in detail to determine the next 
steps for the pilot project.  

Harbor Substation ES Pilot Project 
In order to test APU’s assumptions on installing ES at the Canyon Power Plant and gain 
first-hand experience on operating a battery ES system, APU has a pilot proposal to install a 
small 1MW ES system at the planned Harbor Substation in 2019. The Harbor Substation 
provides much needed operational flexibility, and will primarily serve the Platinum 
Triangle, a new development area in the City of Anaheim for residential, retail, restaurant, 
and office developments. Once complete, the substation will provide enough additional 
capacity to serve 15,000 customers. The electrical plot plan of Harbor Substation reserves a 
30-by-50-foot space for ES. Based on the recent advancement in battery ES technologies, 
APU anticipates installing a 1 MW battery storage at the reserved space.  
 
This pilot project will allow APU to:   

 Fully evaluate the cost-effectiveness and viability of ES for energy time-shift and the 
self-provision of ancillary services; 

 Gain first-hand experience with the operating characteristics of the selected 
technology; and 

 Evaluate the feasibility of expanded uses such as backup resource adequacy 
capacity.      

 
APU’s focus has been, and will continue to be, delivering high quality service at reasonable 
rates in order to benefit its customers. To the extent that ES can be integrated seamlessly in 
a viable and cost-effective manner, APU will look for those opportunities. The discussions 
above demonstrate APU’s continued commitment toward responsible resource 
procurement, which provides benefits that can ultimately be conveyed to Anaheim 
customer-owners.  

                                                        
12 Southern California Edison, Battery Storage Fact Sheet, website, 
http://newsroom.edison.com/internal_redirect/cms.ipressroom.com.s3.amazonaws.com/166/files/20171/BattStorFactSheet-
R5_withTESLA.pdf, April 10, 2017.   

http://newsroom.edison.com/internal_redirect/cms.ipressroom.com.s3.amazonaws.com/166/files/20171/BattStorFactSheet-R5_withTESLA.pdf
http://newsroom.edison.com/internal_redirect/cms.ipressroom.com.s3.amazonaws.com/166/files/20171/BattStorFactSheet-R5_withTESLA.pdf
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Section 4:  Other Energy Storage Considerations 

As indicated in the 2014 ES Plan, the functions and services provided by ES technologies 
need to be considered on a case-by-case basis. Deployment of ES systems would be highly 
situational and need to be evaluated at the time that a project is needed and proposed. 
Specific requirements such as location, intended use, duration of charge and discharge, 
number of cycles, availability of the ES system, and secondary functions need to be 
carefully considered. In addition to planning for ES installation at the Canyon Power Plant 
and the ES pilot project at the Harbor Substation, APU is currently evaluating other 
potential ES projects.  

Yorba Battery Storage Project 
APU is exploring opportunities for collaboration with third parties in or adjacent to the 
Yorba substation in which APU could gain experience in the operation of a 2.5 MW to 3.75 
MW Lithium-Ion battery system in the CAISO wholesale electricity market.  The project 
would be capable of charging and discharging around-the-clock and can be controlled and 
monitored remotely as needed to offer a variety of services such as scheduled dispatch, 
voltage control, frequency response, and peak management. As a public agency, APU will 
likely need to develop the supporting rules to allow third parties to connect to Anaheim’s 
local grid, or develop an agreement to enable third parties with equal, non-discriminatory 
access to install ES systems. In either case, APU will seek review and recommendation by 
the Anaheim Public Utilities Board prior to seeking approval from the Anaheim City 
Council.  

San Vicente ES Facility 
The San Vicente Energy Storage Facility13 is a joint proposed project owned by the San 
Diego County Water Authority and City of San Diego. The plan is to construct a closed-loop 
pumped hydro storage project at San Vicente Reservoir in Lakeside, California with an 
estimated online date of 2025. The proposed 500MW and 8 hours of storage capacity can 
be utilized to arbitrage power supplies (for integrating large new supplies of wind and 
solar electricity) and offer ancillary services. The project owners have received a 
preliminary permit from the Federal Energy Regulatory Commission (FERC), and they have 
also filed a joint Preliminary Application Document and a Notice of Intent with FERC. These 
documents are indicative precursors to a formal FERC license application. APU is currently 
collaborating with other public utilities through SCPPA to assess how this project, as a large 
pumped hydro storage facility, may be useful to balance the growing renewable generation 
resources that are required to meet the state requirements. 

  

                                                        
13 San Diego County Water Authority, San Vicente Energy Storage Facility Study, website, http://www.sdcwa.org/san-vicente-energy-
storage-facility-study, April 12, 2017. 

http://www.sdcwa.org/san-vicente-energy-storage-facility-study
http://www.sdcwa.org/san-vicente-energy-storage-facility-study
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Hoover Pumped Storage Project 
Hoover Dam is APU’s large hydroelectric energy resource and contributes 40 MW (or 5%) 
to APU’s power supply. The Hoover pumped storage project is a proposal to install 
pump/piping to transport water from Lake Mohave to a higher elevation at Lake Mead. The 
proposed projects leverage the existing generating facilities at Hoover Dam, which are used 
for power generation when the stored energy is needed. Currently the proposal is in its 
early conceptual stage, and the Los Angeles Department of Water and Power is leading the 
efforts related to project feasibility study and cost estimates. APU is collaborating with 
other public utilities through SCPPA to follow the development of this project. 
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Section 5:  Findings and Conclusions 

AB2514 requires APU to determine appropriate targets, if any, to procure viable and cost-
effective energy storage. The bill also requires that on or before October 1, 2017, the 
governing boards of all POUs shall re-evaluate their determinations of ES procurement 
targets to be achieved by December 31, 2021. 
 
APU has re-evaluated its transmission, distribution, and customer resources. APU also 
reviewed the current technological services, availability, and costs for ES systems. Based on 
the professional studies and project evaluations, APU found that: 
 

1. The procurement target for December 31, 2021 is a 1 MW pilot project at 
Harbor Substation: APU is in the process of planning for a 1 MW ES pilot project at 
its new Harbor Substation, which is located in a strategic load center serving high 
density developments in the Platinum Triangle, which is generally bounded by the 5 
and 57 freeways and includes the Angel Stadium and Honda Center venues. Harbor 
Substation is currently being designed, and will include provisions for a 1 MW ES 
pilot system that is fully dispatchable and integrated with APU’s other power 
resources. The Harbor Substation installation will allow APU staff to gain first-hand 
experience and validate the conceptual assumptions for future ES deployments, 
whether through APU procurement or by private corporations interconnected to 
APU’s local grid. 
 

2. The next procurement target is a 10 MW ES installation at Canyon Power Plant 
by December 31, 2026: Canyon Power Plant (Canyon) is a 200 MW gas-fired 
peaking power plant that provides fast start-up to mitigate ramping when solar 
generation is typically coming off-line. Anaheim is currently evaluating the most 
appropriate application of ES at Canyon, which may be a stand-alone system, or 
coupled with existing generating facilities in a hybrid manner that combines the 
speed of batteries with the efficiency of gas turbines.  As battery ES technologies 
continue to mature and gain higher market share, different applications and control 
systems will be implemented and tested in California, allowing Anaheim to apply the 
solution best suited to its resource needs. With Anaheim’s own testing at Harbor 
Substation being completed, Anaheim expects to have more data and experience on 
how to optimize the operation of ES and demonstrate value to Anaheim customers 
prior to seeking Anaheim City Council approval on future procurements and 
California Energy Commission (CEC) authorization as the Canyon site is within 
CEC’s jurisdiction. A unique aspect of the Canyon Power Plant is that the existing 9-
acre parcel has available space that was initially intended for future expansion of 
thermal resources; however, with the proliferation of intermittent renewables, APU 
now anticipates utilizing the available space for ES technology.  
 

3. ES may be an area of opportunity for APU: APU is committed to collaborating 
with the California Independent System Operator (CAISO), other State agencies, and 
utilities to preserve and improve the reliability of the electric grid system. APU is 
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also committed in its holistic view that the procurement of reliable renewable 
resources, in a balanced manner, will continue to help the CAISO mitigate the need 
for additional flexible ramping capacity, in response to the overabundance and 
variability of wind and solar generation on the grid today. Although there is no 
immediate need for distribution infrastructure services or upgrade deferrals 
because Anaheim is essentially built-out and has a robust undergrounding program, 
over the next decade, ES may become a prominent part of APU’s resource assets. 
The prominence of ES systems in Anaheim will also be dependent on the 
proliferation of utility-scale renewables as well as customer-owned distributed 
energy resources such as behind-the-meter solar and fuel cell systems that may 
require realignment of rate recovery mechanisms for fixed costs, adjustment of 
Time-of-Use (TOU) rates, and implementation of new demand response programs. 
 

4. ES may be viable and cost-effective for the provision of ancillary services: 
Based on APU’s analyses, ES currently has a limited effect in its ability to shift 
energy from one time period to another in the CAISO wholesale electricity market. 
However, APU studied the potential for ES to provide ancillary services. The costs of 
regulation and spinning reserves in the CAISO market for APU have increased 
significantly from 2014 to 2016. Regulation-up and regulation-down services cost 
approximately twice as much from 2014 to 2016, and spinning reserve cost 
increased by more than 20%. Since ancillary services are much smaller in megawatt 
volume compared to energy products, current battery ES technologies, particularly 
the Lithium-Ion technology, may be a potentially viable and cost-effective means to 
self-provide ancillary services. The proposed 1 MW ES pilot project at Harbor 
Substation and continued monitoring of ancillary service costs will help determine 
the feasibility of these benefits for future ES projects, and whether or not market 
conditions dictate potential acceleration of upcoming projects. 
 

5. APU is also considering other ES project proposals: APU is currently reviewing 
three additional ES project proposals, the Yorba Battery Storage Project, the San 
Vincente ES Facility, and the Hoover Pumped Storage Project. These project 
proposals are intrinsically different in ES technology, application, and ownership 
structures. The project proposals will be evaluated to determine potential benefits 
to Anaheim customers.           
 

From the findings above, APU concludes and recommends the following:  
 

1. Adoption of ES procurement targets for December 31, 2021 at 1 MW for the Harbor 
Substation ES pilot project to plan for the 10 MW ES installation at the Canyon 
Power Plant by December 31, 2026; and, 
 

2. Additionally, APU will continue to evaluate ES proposals, including the Yorba 
Battery Storage Project, the San Vincente ES Facility, and the Hoover Pumped 
Storage Project; and, 
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3. APU will continue to evaluate ES technologies and opportunities by monitoring 
other utility projects and collaborating with various utility industry and public 
agency groups.  
 

APU’s focus has been, and will continue to be, delivering high quality service at reasonable 
rates in order to benefit its customers. To the extent that ES can be integrated seamlessly in 
a viable and cost-effective manner, APU will look for those opportunities. The discussions 
in this Updated Energy Storage System Plan demonstrate APU’s continued commitment 
toward responsible resource procurement, which provides benefits beyond APU’s 
distribution system. 
 
As energy and environmental policies drive electric grid changes by bringing more 
intermittent renewable energy resources on line, the potential benefits of ES becomes 
more apparent. ES can offer potential solutions by enabling renewables integration, gird 
optimization, and GHG reduction. APU’s ES procurement targets will help the CAISO and 
other State agencies address new operational challenges to ensure a reliable and efficient 
electric grid for the foreseeable future.     
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Appendix A: Leidos Study 
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Appendix B: DNV GL Study 

 



  

Page | 44 

 
 

 



  

Page | 45 

 



  

Page | 46 

 



  

Page | 47 

 



  

Page | 48 

 



  

Page | 49 

 



  

Page | 50 

 



  

Page | 51 

 



  

Page | 52 

 



  

Page | 53 

 



  

Page | 54 

 



  

Page | 55 

 



  

Page | 56 

 
 



  

Page | 57 

 
 



  

Page | 58 

 



  

Page | 59 

 
 



  

Page | 60 

 
 



  

Page | 61 

 
 



  

Page | 62 

 
 



  

Page | 63 

 



  

Page | 64 

 
 



  

Page | 65 

 
 



  

Page | 66 

 
 



  

Page | 67 

 
 



  

Page | 68 

 
 



  

Page | 69 

 



  

Page | 70 

 
 



  

Page | 71 

 
 



  

Page | 72 

 



  

Page | 73 

 
 



  

Page | 74 

 
 



  

Page | 75 

 
 



  

Page | 76 

 
 



  

Page | 77 

 
 
 
 
 
 



  

Page | 78 

 
 



  

Page | 79 

 
 



  

Page | 80 

 



  

Page | 81 

 
 



  

Page | 82 

 
 



  

Page | 83 

 
 



  

Page | 84 

 
 



  

Page | 85 

 



  

Page | 86 

 
 



  

Page | 87 

 
 



  

Page | 88 

 
 



  

Page | 89 

 
 



  

Page | 90 

 
 



  

Page | 91 

 
 



  

Page | 92 

 
 



  

Page | 93 

 
 



  

Page | 94 

 



  

Page | 95 

 
 



  

Page | 96 

 
 



  

Page | 97 

 
 



  

Page | 98 

 
 
 
 



  

Page | 99 

Appendix C: SCPPA RFI on Energy Storage Technologies 
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