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Panel Questions
 

• What are the costs estimates for the increased use of 
energy storage? 

• How can the benefits of energy storage best be quantified? 
• What revenue mechanisms are available to ensure energy 

storage plays the appropriate role in the California grid of 
the future? 

• What will be the specific economics and cost-benefit data 
that needs to be developed to support the implementation 
of the Assembly 8ill2514 Energy Storage development, 
demonstration, and deployment plan activities? 
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EPRI Research: See: EPRI 1020676 
Applications, Benefits and Costs of Energy Storage Systems 
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Electric Energy Storage Technology Options 
A Primer on Applications, Costs & Benefils 
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EPRI Ref. Designs: Bulk Storage Options for Renewable 
Integration 
Storage System Characteristics and Costs - 2010 Findings 
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Business Case Analysis of Applications
 

Benefit Analysis: Total Recovery Cost Method 
Sum of Value Streams: Capacity, CapEx Deferral, Regulation, etc... 
Calculate Present Value of Value Streams (PV) 
10% Discount Rate 
Present Value of Benefits =Proxy for Total Installed Cost which can be 
justified for rate base 
Value =Present Value of Benefits I kWh delivered from storage asset 
expressed as $/kWh ($ I kW-h) 

Life Cycle Analysis: Cost per kWh Delivered 
Capital Cost; Discount Rate 
Efficiency (ac I ac) 
Cost of off-peak power 
O&M 
Life: years 
kWh I Cycle and total cycles over life ( depth of discharge, begin or end of 
life considerations) 
Life Cycle Cost expressed as $/kWh delivered 

I. ,uppon BUSln••• Case I _ mCTllIC POWER 
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5 ISO Regions Studied 
--

Benefit 

PV$lkW-h PV$IkW 

Valu.Chaln Target High Target High 

End User 1 Power Quality 19 96 571 2,854 

2 Power Reliability 47 234 537 2,686 

3 Retail TOU Energy Charges 377 1,887 543 2,714 

4 Retail Demand Charges 142 708 459 2,297 

Distribution 5 Voltage Support 9 45 24 119 

6 Defer Distribution Investment 157 783 298 1,491 

7 Distribution Losses 3 15 5 23 

Transmlulon 8 VAR Support 4 22 17 83 

9 Transmission Congestion 38 191 368 1,838 

10 Transmission Access Charges 134 670 229 1,145 

11 Defer Transmission Investment 414 2,068 1,074 5,372 

, Sywatem 12 Local Capacity 350 1,750 670 3,350 
I 
I 13 System Capacity 44 220 121 605 

14 Renewable Energy Integration 104 520 311 1,555 

180'..111. 15 Fast Regulation (1 hr) 1,152 1,705 1,152 1,705 

. 16 Regulation (1 hr) 514 761 514 761 

17 RegUlation (15 min) 4,084 6,845 1,021 1,711 

18 Spinning Reserves 80 400 110 550 

19 Non-Spinning Reserves 6 30 16 80 

20 Black Start 28 140 54 270 

21 Price Arbitrage 67 335 100 500 
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Modeling Benefits - Approach 
Total Resource Cost Test (TRC)1 

• "Bottom's Up"- Application-based value analysis across five (5) ISO regions 

• "Stacked" benefits aggregate multiple stakeholders 

• Target (50th percentile) and High (95th percentile) values defined 

• Compare against total cost of ownership for energy storage system 
i II 

Case 1: Transportable Storage for T&D Case 2: Transportable Storage for T&D 
Support  Support • 

Traditional Utility Perspective Multiple Stakeholder and Locational Benefits 
5 i i 5 I I 

- 41 

I _)~'.-(_.~'11 

I _J~":'t_lr~1I1 

I I • RegulationS! 4 I I' --::~-~-- :::E• System Capacity III.". 
~ 
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:;, 

3 I I I • Local Capacity 2 3 ~ -I .VAR Support III 'iijCIS .DeferTrans.lnl.estment>:: 2 ~ System Cost Range I 
D Distribution Losses III - 2r:: 

Q) DVARSupport~ III Q)! 1 r - _."."." •... ,. I DDeter Dist.lnvestment 0:1 I D Distribution Losses 0. 

• Voltage Support • Defer Dist. Inl.estment o I ' I I I 0 

50th I 95th 50th 95th• Power Reliability III I I • Voltage Support 

Target I High Target High
 

Value Percentile Value Percentile
 

1. TRC is Proxy for maximum allowable installed capital cost of energy storage system t=~f211 ELECTRIC POWER 
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Summary of Application Value Analysis 
tal Resource Cost Test (TRC) 

Res. Backup
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-, I 

Caveat: Energy storage systems to address 

each application will vary in cost, depending on 

size, location, and system power-to-energy ratio. 

I 

Value: $/kWh of usable energy storage 
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Summary of Application Value Analysis 
Total Resource Cost Test (TRC) 

.Targeted Value 

DHigh Value 

Caveat: Energy storage systems to address 

each application will vary in cost, depending on 

size, location, and system power-to-energy ratio. 

Frequency 

Regulation 
$0 $1,000 $2.000 $3.000 $4.000 $5.000 $6.000 $7,000 $8,000 

Value: $/kWh of usable energy storage 
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Summary of Application Value Analysis 
Total Resource Cost Test (TRC) 

.Targeted Value 

IIHighValue 

Caveat: Energy storage systems to address 

each application will vary in cost, depending on 

Best economics for near-term utility-scale storage 

Frequency 

Regulation 
$1,000 $2.000 $3.000 $4.000 $5.000 $6.000 $7,000$0 $8,000 

Value: $/kWh of usable energy storage 
*Values calculated from customer perspective.
 

TOU rates and demand charge savings represent loss of utility revenue t=~1211 ElECTRIC POWER
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Energy Storage Valuation Tool 2011 (V3.0)
 
Based on Analytica software platform 

• EPRI Storage Program Goals for 2011 :
 

- Deliver User-friendly, robust platform for future enhancements
 

- Enable deep understanding of 2010 energy storage value analysis and
 
embedded assumptions 

- Ability to tailor site-specific analysis on any utility system 

- Cost / benefit analysis 

- Transparent assumptions and analysis for future public stakeholder use 

EPRI Energy Storage Valuation Tool 
Sc.....a.o-o-~.
.,-. [iiiCi!f~ 

{'-tf! re-lil --- -I 
u.r..r.a-. I ...UNT.........,3
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Levelized Cost of Delivered Energy for Energy 
Storage Technologies 
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Application, Whole Sale Energy Services 
Value based on Benefit Revenue Mechanisms 
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Application, Whole Sale Energy Services
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Application: Wholesale Services 
15 Min. Regulation 
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Economic and Societal value of Storage for Wind 
Integration,Benefits, and Revenue Streams 
Simulations of Storage Systems in EReOT, PJM and NYISO 

I 

PJM & Eastern InterconnectEReOT NYISO 

mmodltVPrlcea 

Win, 

Transmlsal 

lona: 18 GW Wind Ad : 12.8GW I WI ow 
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Conduct Simulations of Storage Portfolios in CA 
Example: Assess R&D of Energy Storage Portfolios 

[) 
.-

DIstributed Battery 

o 
$ $ 1200-$1500/kW 

1 o1 

$ 1200-$15001 kW 

The study objective was to understand and estimate the role and impacts of various energy storage 
options under the assumed wind penetration and grid network configuration 

* A non-fuel CABS cycle was also analyzed t=pl2ll ELECTRIC POWER-= RESEARCH INSTITUT£
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Example Regional Case Study -ERGOT 2015 
Results are dependent on Location, Commodity Prices, Generation 
Mix, Wind Penetration and Grid Topology 

Internal Rate of Return & BIC Ratio vs. Capital Cost
 

Capital Cost ($/kW) 
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Example Regional Case Study -ERCOT 2015 
Results are dependent on Location, Commodity Prices, Generation 
Mix, Wind Penetration and Grid Topology 

Present Value & Societal Benefit 
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Recommendations: Conduct Detailed Statewide 
M"odeling and Simulations to Assess Economic Value 
and Imeact of Enerax S,torage O~tions 

• Criteria for evaluating the efficacy of th~ storage should 
be based on 
- System Benefits/Costs, 
- Producers and consumers benefits, 
- Societal benefits, Congestion mitigation, GHG impact, 
- Congestion management,
 
- Operational impact on other generators
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Recommendations for CA 
Top Down and Bottom Up Market Assessments Needed 

Energy Storage to SUIm0rt Wind Integration ( Top Down 1 
• Conduct Integrated California Market and Grid Simulations ( Supply, T&D, 

Demand) under RPS to better define the Role, Location, Optimal Mix of 
Storage Options which can contribute to CA Policy Goals; 

• Use above Analytics to establish a Road Map and Application / Solution (s) 
for CA which are cost effective and achieve desired impacts; 

• Define Functional Requirements and Technically Specify Storage Solutions / 
Requirements 

Energy Storage to SUIm0rt Load Serving Entities and Communities 
• LSE's near and long-term planning to investigate use of storage as part of 

Smart Grid; Distribution infrastructure support; end-use peak mgt. 
• Distribution and Smart Grid Planning Efforts 
• Analysis to assess impacts and operational value 
• Analysis of benefits and costs to support business case 
• Policy to accommodate cost recovery and alternative business models 
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Together...Shaping the Future of Electricity
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