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Agenda

• EPRI Energy Storage Activities:

• Q&A

2011 Analytic Tool

Open Distribution Simulator Software (OpenDSS)

Prism 2.0
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EPRI’s Energy Storage Portfolio
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Analytic Tool to Help Utilities
Support Business Case for Energy Storage

Build from 2010 work to develop 
and deliver prototype analytic 
tool to estimate:
- Storage Application Value
- Total Resources Cost 

Recovery Test
- Benefit / Cost
- Utility / Societal 

perspectives
- Case Studies with selected 

utilities and EPRI Smart Grid 
Program

- 2012 Expand Applications  and 
Release  
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Prototype Deliverable in 2011
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2011 Plans will Leverage from Earlier Work
EPRI Energy Storage Valuation Tool V2.0 (2007)

Stakeholder Costs & Benefits Utility Structure Base Case

Present Value $/kW of Dispatch Capacity over Lifecycle of 15 Years 1

Storage Application / Location on Grid

1

Value Inputs
Current Case: 
Manual Entry Base Case High Low

Utility Parameters       

` Saved Utilty Parameters

Row 8 FALSE manually calculate distribution capacity cost? 1

Row 9 FALSE manually calculate transmission capacity cost? 1
Row 10 42.00$         distribution capacity cost ($/kW-year) 38.50 70 0
Row 11 16.50$         transmission capacity cost ($/kW-year) 13.5 30 0

Row 12 54.90$         generation capacity cost ($/kW-year) 60 90 0

Row 13 98                generation cost assignment (hours/yr) 100 500 10

Row 14 0.074$         marginal energy cost (Average $/kWh over year) 0.074 0.120 0.020

Row 15 5.0% marginal system losses during charging 0.04 0.06 0.02
Row 16 8.0% marginal system losses during discharging 0.08 0.12 0.04
Row 17 8.0% Utility WACC 0.08 0.12 0.06
Row 18 2.5% Inflation Rate 0.025 0.05 0.01
Row 19 -$           average fuel cost - CAES only ($/MMBTU) 0 20 3

Customer Parameters       
Row 22 0.058$         off-peak energy (only) retail rate ($/kWh) 0.100 0.25 0.01
Row 23 0.075$         energy (only) retail rate delta (on-peak $/kWh minus off) 0.110 0.25 0

Row 24 0.005$         off-peak delivery retail rate ($/kWh) 0.000 0.25 0
Row 25 0.005$         delivery retail rate delta (on-peak $/kWh minus off) 0.000 0.25 0
Row 26 2.0$             demand charge rate ($/kW-mo) 0 20 0
Row 27 2.00 monthly demand without storage use (kW-mo) 0 5 0

Row 28 20% expected demand charge savings from storage use  (%) 0 0.5 0
Row 29 $ 2.0 reliability value ($/kWh unserved) 3 50 0
Row 30 $ 13.0 additional reliability value ($/outage event) 10 50 0
Row 31 2.0 expected total outage hours per year 2 10 0

Saved Device Parameters Active Number of Cycles Per Year: 160 (Utility Dispatch - Annual optimized cycles/yr) Row 32 3 expected outage events per year 2 10 0

Row 33 8.0% customer discount rate 0.08 0.1 0.06

Utility Customer Total Row 34 utility 1 Balance of plant cost assignment 2

cost benefit cost benefit cost  benefit Row 35 utility 1 Maintenance cost assignment 2

Balance of Plant -$                    -$                 -$                -$              -$                 -$                

Maintenance 289.3$                -$                 -$                -$              289.3$             -$                Storage Device Parameters       

Fuel -$                    -$                 -$                -$              -$                 -$                Saved Device Parameters Saved Device Parameters

Energy 509.8$                1,037.4$          -$                -$              509.8$             1,037.4$         FALSE CAES? FALSE

Dist Capacity -$                    335.7$             -$                -$              -$                 335.7$            TRUE seamless dispatch? TRUE
Tran Capacity -$                    137.4$             -$                -$              -$                 137.4$            Row 41 8.0 charging time (hours) 8 12 2

Gen Capacity -$                    430.7$             -$                -$              -$                 430.7$            Row 42 kW 2 Show device size in? 1
Cust Retail Energy Cost -$                    595.7$             595.7$            -$              -$                 -$                Row 43 4.00 dispatch capacity (kW) 1 4 0.5
Cust Retail Delivery Cost -$                    51.4$               51.4$              -$              -$                 -$                Row 44 6.00 hours of active storage capacity 6 10 1
Cust Retail Energy Value 1,092.9$             -$                 -$                1,092.9$       -$                 -$                Row 45 80% average depth of discharge 100% 100% 50%

Cust Retail Delivery Value 82.2$                  -$                 -$                82.2$            -$                 -$                Row 46 2800 maximum cycles/life 7500 10000 1000
Cust Demand Value 20.5$                  -$                 -$                20.5$            -$                 -$                Row 47 15 maximum life of storage device (years) 15 20 10
Cust Reliability Value -$                    -$                 -$                92.0$            -$                 92.0$              Row 48 365 number of cycles/yr (if manual entry) 365 365 1
Utility Net Benefit 593.5$                -$                 -$                -$              -$                 -$                Row 49 80% device efficiency (kWh out/kWh in) 0.7 1 0.5

Cust Net Benefit -$                    -$                 640.5$            -$              -$                 -$                Row 50 0.03$           variable O&M cost ($/kWh of energy out) 0 0.1 0
Max Storage Price Point -$                    -$                 -$                -$              1,234.0$          -$                Row 51 5.0$             fixed O&M cost ($/kW-year) 4 5 3

Row 52 -$           lifecycle BOP cost ($/kW of dispatch capacity) 0 300 0
Unit of Measurement Row 53 20 life of BOP (years) 20 20 1

Row 54 3412 heat rate - CAES only (Btu/kWh out) 3412 10000 3412

Dispatch Control Parameters

Cycles/Year Row 56 3 Utility Control or Fixed Dispatch Pattern 3
Active Selection: 160

Single Year Optimized: 160 Row 58 Utility Dispatch Function Includes:

Lifecylce Utility Optimized: 40 Row 59 TRUE Wholesale Energy Costs/Benefits TRUE

Lifecycle Total Optimized 40 Row 60 TRUE Generation Capacity TRUE
Row 61 TRUE Transmission Capacity TRUE
Row 62 TRUE Distribution Capacity TRUE

Utility Dispatch - Annual optimized cycles/yr

Set to Base Case
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Present Value $/kW of Dispatch Capacity over Lifecycle of 15 Years

Utility
Customer with 
Storage Device

Total

Energy

Generation Capacity

Transmission Capacity

Distribution Capacity

Vertically Integrated Utility

Seamless Dispatch

Make Current Case 
New Base Case

Run Sensitivities

Utility

Utility

CAES-type device

Case D7: Demonstration Scenario I 

Case U7: Demonstration Scenario I

Kilowatts

Use Slider bar for Distribution Capacity Cost

Use Slider bar for Transmission Capacity Cost

• ESVT V2.0 (2007) 

•Estimated Locational Value of Storage – MS Excel Platform

•Pre-loaded utility and storage assumptions with flexibility to change

•Benefit analysis and dispatch model (inconsistent with 2010 approach)

Assumptions
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2011 Tool will include Improved  Dispatch
Model

• “Dual-Mode” Dispatch Model

– Fulfill T&D objective of peak demand management while maximizing
revenues

– “Capacity Mode”: Keep battery full during 500 hours of highest demand

– “Dispatch Mode”: Maximize revenues by providing Frequency Regulation
 

S
ys

te
m

 L
o

a
d

 (
M

W
)

Hours of the Year

Capacity Mode: Battery kept 
full for peak shaving & 
voltage support

Dispatch Mode: Battery free 
to participate in energy and 
AS markets.
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Analytics to Support Business Case
Energy Storage Valuation Tool 2011 (V3.0)

• Goal: Develop Prototype Tool in 2011 and Conduct Case Studies

– User-friendly, robust platform for future enhancements

– Enable deep understanding of  energy storage value analysis & assumptions

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

– Cost / benefit analysis

– Transparent assumptions and analysis for future public stakeholder use
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Energy Storage Valuation Tool 2011 (V3.0)
Based on Analytica software platform

Screenshots of Analytica Tool Substation Grid Support
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Features of Energy Storage Evaluation Tool

• Transparency: Visual influence diagrams 
make models easier to create, 
communicate, and maintain.

• Flexibility: Intelligent Arrays™ make it 
easier to start simple, and extend to multi-
dimensional models (data cubes)

• Risk analysis: Integrated Monte Carlo 
simulation enables fast  evaluation of risk 
and uncertainty

• Scalability: Hierarchical modules, 
Intelligent Arrays, and compact code let 
you easily manage and run models much 
larger than is practical with spreadsheets. 
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Modeling Distribution Feeders for Stoage Apps
Advanced Simulation Platform – OpenDSS

• Open source of EPRI’s Distribution 
System Simulator
– developed in 1997
– open sourced Nov 2008

• OpenDSS designed from the 
beginning to capture 
– Time-specific benefits and
– Location-specific benefits 

• Differentiating features
– full multiphase model
– numerous solution modes
– “dynamic” power flow 
– system controls 
– flexible load models

• Needed for analysis of
– DG/renewables
– energy efficiency
– PHEV/EV
– non-typical loadshapes
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Use of  OpenDSS to Assess the Operational 
Value of Energy Storage to Smart Grid

Approach

• Use OpenDSS to model grid support applications

– DESS system testing/evaluation to refine storage 
controllers & modes

– Develop adoptive dispatch mechanisms of 
managing storage

• Conduct case studies and evaluation of 
distribution system integrated w/PV and storage 
(residential and commercial systems)

– AEP-CES (part of Smart Grid demo activity)

– Progress Energy (PV & Storage)

– SDG&E (PV & Storage)

• Quantify operational value of storage and DG in 
smart grid

– Location Value

– How Much Storage?

– Impacts

84 Storage Elements

25 kW each

Time-triggerred Load Following
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Questions & Discussion


