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About the Authors

Sovereign Energy Storage

Sovereign Energy provides utilities with intelligent and cost effective solutions for
integrating renewables, improving system reliability and power quality, and lowering
operating costs. Our success will accelerate the adoption and penetration of renewable
energy, while modernizing and improving the stability of the grid.

Visit SES online at http://sovereignstorage.com

About the Clean Coalition

The Clean Coalition is a nonprofit organization whose mission is to accelerate the transition
to renewable energy and a modern grid through technical, policy, and project development
expertise.

The Clean Coalition drives policy innovation to remove barriers to procurement and
interconnection of distributed energy resources (DER)—such as local renewables,
advanced inverters, demand response, and energy storage—and we establish market
mechanisms that realize the full potential of integrating these solutions. The Clean
Coalition also collaborates with utilities and municipalities to create near-term deployment
opportunities that prove the technical and financial viability of local renewables and other
DER.

Visit us online at www.clean-coalition.org.
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Legal Disclaimer

This document was prepared as a result of work sponsored by the California Energy
Commission. It does not necessarily represent the views of the Energy Commission, its
employees, or the State of California. Neither the Commission, the State of California, nor
the Commission’s employees, contractors, or subcontractors makes any warranty, express
or implied, or assumes any legal liability for the information in this document; nor does any
party represent that the use of this information will not infringe upon privately owned
rights. This document has not been approved or disapproved by the Commission, nor has
the Commission passed upon the accuracy of the information in this document.
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I. Summary

Sovereign Energy Storage (SES) evaluated multiple energy storage revenue and dispatch
modeling tools for behind the meter applications in the California market. SES has
experience vetting tools from private companies and public source market tools. SES
selected the Electric Power Research Institute’s (EPRI) Energy Storage Valuation Tool
(ESVT) as the analytical engine to move forward with the Peninsula Advanced Energy
Community (PAEC) initiative for several reasons:

1) ESVT is currently the only open-source, online tool which can be used by all market
participants. A team of experts manages at the Electric Power Research Institute (EPRI)
has been developing the tool in collaboration with a consortium of market participants
to test and validate various functionalities, inputs, and use cases.

2) For energy storage projects to meet acceptable returns, projects will need to be
integrated into wholesale markets. The EPRI tool is capable of evaluating performance
of an energy storage asset in the California Independent System Operator (CAISO)
wholesale market across revenue streams, and can also perform demand charge
management (DCM) for the site.

3) StorageVET is a California Energy Commission funded project/tool. Sovereign has been
involved with the development of the tool for the last two years. The open-source

nature of the tool will allow other potential developers to run scenarios for projects
without having to contract with a private entity.

I1. Alternative Software Packages Considered

The following is a list of public and private modeling tools and key criteria analyed by SES:

Table 1: Dispatch Modeling Tools - Key Criteria Analysis

Provider | Tool Name | Open Source | DCM + DR | + Grid Services | Backup Power
Geli Esyst No Yes No No
Enbala | Symphony No Yes Yes Yes
EPRI StorageVET Yes Yes Yes Yes

II1. Modeled Scenarios and Analysis

The first model runs indicated that the StorageVET tool (the tool) can properly assess a
distribution or transmission (in front of the meter) asset performance in the wholesale
market.
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The analysis was performed using a variety of system sized and stacked use cases in PG&E
service territory:

e 100kW, 400kWh (4hr, C/4)

¢ Demand charge management under PG&E's E-19 tariffs

e Participation in DR programs (Capacity Bidding Program, Bi-lateral DR programs)

e Wholesale Market Participation: Regulation Up/Down, Spin/Non-Spinning Reserve,
Energy

The aforementioned project sizing is the minimum allowed to participate in the CAISO
markets. A 100kW load is a fairly large commercial, or small industrial load. A
100kW /400kWH battery can fit in the footprint of a parking space.

IV. Model Issues and Solutions
During the initial run of tool, Sovereign identified three issues with the results:

1) The tool does not have the correct constraints to properly assess participation of a
behind the meter resource. Specifically, the tool was not correctly calculating
performance of a resource according to the “10 in 10 baseline rule”, which is the
methodology used to settle DR in California.

2) The tool also did not use load on-site as a constraint in its analysis - a DR resource must
be limited by the peak load on-site during an event window.

3) The tool could not assess the capability of a behind the meter resource to participate in
Regulation Up/Down in the CAISO market, which is the highest value revenue stream
after Demand Charge Management and Demand Response.

After significant correspondence with EPRI, the bugs in the tool were corrected, allowing
SES to complete the dispatch model analysis.
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V. Screenshots of StorageVET Tool

The below screenshots walk the user through the technical inputs and revenue
assumptions, as well as the revenue and battery cycling results produced by the tool.

Figure 1: Screenshot - Technology Inputs for Battery Energy Storage

ELECTRIC POWER - = .
ErP2l | e Storage Value Estimation Tool: StorageVET™ V1.0 CLOSE MODEL | SAVE  RELEASE 3.0.0.34¢
About/Help T Quick Start T Project Specs T General Settings T Transmission T Distribution T Customer T Financials T Results T Data/Scenarios T Need to Redefine
Storage Parameters T Solar Photovoltaic
Technology Technology P Input -2
| Select Technology Type Battery / Flywheel - | User can input most and fii i that ize the system.
Charge Capaci 2000 [4]
| Technology Parameter Input Sub Table l | 5 — pamym
Discharge Capacity [kW] 2000
| Fuel Price (S / MMBTU)_Edit Table ) | Enbay Sitrage Gapecily; ] 4000
Upper Limit, Operational SOC [%)] 09
| Inverter Apparent power (kVA), 120 | Lower Limit, Operational SOC [%] 0.1
= Charge Efficiency [%] 1
| Power Quality Service Selection Checkbox(0) | Discharge Efficiency [%] 0.83
= Charge Ratio [%]
Cycle Life _ Heat Rate [BTU / kih]
| Ignore cycles shallower than (% DoD) 0.01 | Self-Discharge Rate [% / hr] 0
Max Charge Ramp [KW / min]
| Cycles vs. Depth of Discharge Edit Table ! I Max Discharge Ramp (kW / min]
- . P-Min Charge [kW]
o 9
| Calendar Life Degradation (%lyr) 1% I P-Min Discharge (kW]
Apply Default Val ional ; L 2
pply Default Values (optional) Costs of Battery Replacement ($/kWWh) 250
| Select Default Configuration | Lithium lon 2MW / 2Hr H | Capital Costs ($) 0
- Capital Costs (§/kW) 1200 |_|
| View Default Parameter Values Calc I | Capital Costs (§/kWh) o
| View Default Fuel Prices Calc I l l Appl... ‘ ‘F’ifd:pe'fing Expe"sig‘tvy'yr) ZS =

The tool allows for detailed inputs on project size (kW/kWh), efficiency, charging capacity,
capital cost, and operations and maintenance (0&M) costs.
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Figure 2: Screenshot - Revenue “Service” Inputs for Battery Energy Storage

ELECTRIC POWER
RESEARCH INSTITUTE

=2l

Storage Value Estimation Tool: StorageVET™ V1.0

CLOSE MODEL | SAVE  RELEASE 3.0.0.34c

About/Help T Quick Start T Project Specs T General Settings T Transmission T Distribution T Customer T Financials T Results T Data/Scenarios T Need to Redefine

Service Selection

Constraints Configuration Simulation Settings

Grid Location

Select Services -3

Select Location

Distribution System

Select services. Only shows options that are

with ly d control

actor, and technology.

Control Actor

Resource Adequacy Capacity (RA)

‘ Select Primary Control Actor

Day Ahead Energy Time Shift

Real Time Energy Time Shift

Grid Services Selection

Frequency Regulation

’ Select Services

[ Sub Table

Spinning Reserve

Non-Spinning Reserve

Market Service Territory

Regulation Energy Management (REM)

l Select Market Service Territory

[caiso

Flexible Ramping

Deferral

o o o Y Y X X e N )

Reactive Power Support/Voltage Control/Power Quality
Retail Demand Charge Reduction

Retail Energy Time Shift

Backup Power

Demand Response Program Participation

The tool allows for the simultaneous evaluation of multiple use cases and revenue stream;
the model optimizes for the highest value dispatch for each interval.

ELECTRIC POWER
RESEARCH INSTITUTE

=PRI

Figure 3: Screenshot - Revenue by Service

Storage Value Estimation Tool: StorageVET™ V1.0

CLOSE MODEL | SAVE  RELEASE 3.0.0.34c

About/Help T Quick Start T Project Specs T General Settings T Transmission T Distribution T Customer T Financials T Results T Data/Scenarios T Need to Redefine
Dispatch and Operational Results | DeferralResus | CustomerSitelmpacts | StateofHeah |  Sewiceand ConstaintConfils | Financil Results
Service R S all] 4
Storage Activity L)
I I SER = | = = ] | Show y of from services.
ay Ahead Energy Dis| el esul
y rgy Dispal PO Vearsl 2016 |v|
| Real Time Energy Dispatch Report | Result | lM"""‘—U
— L —r
| Combined Energy Dispatch (kw)__ Cale ] | Day Ahead Energy I Real Time Energy I Reg Up [ Reg Down | Spinning Reserve | Non-Spinning Reserve | RA Totals
JAN $706 $21  $9.552 $5,461 $231 $3 s2510| s1844
I Ancillary Service Report |_Resutt ] I FEB $315 $41 ST.714 54,662 $320 sS4 $2040|  $1501
MAR $1,001 «ulb $7,955 $4,748 $38 s2 s2080| s1599
| Storage Activity Summary |_Result | APR $1,626 «ulb  $6,873 $3,172 556 s7 52080 | 1379
MAY $1,112 «ulb $6,773 $6,823 s77 s s3ze0| s18.07
I State of Charge History ©-1__cale_J | JUN $19 stie $6.797 $4,580 $145 $17 so|  ste7
JuL $-770 $2  $10798 $4,338 $102 $22 so|  s152
Monthly Revenue AUG $154 $94  $6,836 $3,876 $50 s2 so|  stiof
| T i Result | SEP $570 $208 53,986 $3,922 $125 s2 so|  ssod
ocT $109 $157 9,050 $3759 $47 so  $4560| s17.64
oad NOV $775 «ulb $7,224 $3,964 $135 so  $3650| 1574
DEC $69 S0 $7.643 $5,319 25 s3 $4020| s17.0d
| Net Load (w)__cale ) | Totals $5,675 5636 591201 554625 $1,45 $73 524220 s177.7]
<] I
< >

The model provides best-in-class detail into the revenue generated by service by month.
This table provides the critical financial information to determine project economics.
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Figure 4: Screenshot - Storage Activity Summary

ELECTRIC POWER A & )
EP2l | ialihe: Storage Value Estimation Tool: StorageVET™ V1.0 CLOSE WODEL | SV RELEASE 3.00.34¢
About/Help T Quick Start T Project Specs. T General Settings T Transmission T Distribution T Customer T Financials T Results T Data/Scenarios T Need to Redefine
Dispatch and Operational Results T Deferral Results T Customer Site Impacts T State of Health T Service and Constraint Conflicts T Financial Results
st Activity S Al 52
Storage Activity shr:)rage ctivity Summary
ow bi! i providing sel d services.
| Day Ahead Energy Dispatch Report Result l | Day of Year | = |'|
| Real Time Energy Dispatch Report | Result I | Wonth | oo |'|
Years | 2016 I i |
[ Combined Energy Dispatch (kW) Calc I l Ancillary Service [ Reg Up ‘.|
Day of Month [ 1 ‘v |
Ancillary Service Report Result I _
| Lo ! P w Daily Dispatch Index x
<
| Storage Activity Summary Result l I Slomgeenortindex M
Day ahead energy dispatch [Real-llmeenergy dispatch ‘Anclllary services | SOC
| state of Charge History ©-n_caie J ||| oom — s 2| oassld
01:00 65.54 «nully 2 04728
Monthly Revenue 02:00 65.54 «nulb 2 04592
03:00 -235.2 «nulby 2442 0.508 [
Service Revenue Summal Calc |
| : kot ki ;‘] 04:00 65.54 «nully 2 04%4
05:00 65.54 «nulby 2 04808
Load 06:00 65.54 «nulby 2 04672
| et (kw)j__Cale ] I 07:00 1294 «nully -22746-016  0.1136
08:00 65.54 «nully 2 0.1[v]

The tool produces dispatch by service, in hourly increments, allowing the developer to see
how the battery is dispatched, and for which service. The model does this while imposing
State of Charge restrictions (also noted).

VI. EPRI ESVT Tool Manual (Overview)

The EPRI’s StorageVET tool is free for all users, however, a registration and confirmation
process is required to gain access to the tool. Once registered, login information is emailed
to the user.

After registering to use the tool, follow the below steps to utilize the ESVT for BTM energy
storage dispatch and revenue modeling:

1. Loginto ESVT:
a. http://www.storagevet.com/storageVet/client/AnalyticaCloudPlayer.aspx

2. Go to Project Specs:
a. Select Technology Type: Battery/Flywheel

b. Select Sub-Table: (the following items are variables that are inputted by the
user for the project):
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Charge Capacity [k\W] 100
Discharge Capacity [kW] 100
Energy Storage Capacity [kWh) 400
Upper Limit, Operational SOC [%)] 1
Lower Limit, Operational SOC [%) 0.1
Charge Efficiency [%] 1
Discharge Efficiency [%] 0.9
Charge Ratio [%)]

Heat Rate [BTU / kWh]

Self-Discharge Rate [% / hr] 0

Max Charge Ramp [kW / min]
Max Discharge Ramp [kW / min]
P-Min Charge [k\W]

P-Min Discharge [k\W]

Housekeeping Power [KW] 0
Costs of Battery Replacement ($/kWh) 200
Capital Costs ($) 500K
Capital Costs ($/kW) 1200
Capital Costs ($/kWh) 0
Fixed Operating Expenses (3 / kW-yr) 20

3. Go to General Settings, and make the following selections:
a. Grid Location: Customer Side of Meter
b. Control Actor: Customer
c. Grid Services Selection:
i. Retail Demand Charge Reduction
ii. Demand Response Program Participation
iii. Both

4. Go to Customer
a. To select customer load, you must go to ‘Import Data’ tab and import a load
profile to be used in the analysis. In this case, Sovereign uploaded the load
profile of a food distribution center in San Jose, CA.
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‘ Select Site Load

| Alex Load (1-hour)

-]

‘ Base Year 2016 - ‘ ‘ Annual Growth Rate 0.0% ‘
‘ DataMode | Single Selection [~] ‘ ‘ Display (kW) Cale | ‘
Retail Tariff

‘ Select Retail Tarift I PG&E E-19 TOU Secondary Non-PDP, (3/1 - 9/30) 2016

[ |

‘ Data Mode I Single Selection

|-‘ ‘ ‘ Base Year

‘ Annual Growth, Energy Rate

0.0% ‘ ‘ Annual Growth, Demand Charge

i

0.0% ‘

Workday Type by Calendar

Calc I ‘

‘ Applied Peak Schedule

Calc

Retail Energy Price

(s/Wn)_Cale_]

Applied Demand Charges: Facilities Related

) _cale )

Applied Demand Charges: by Period Type

(sw)_calc ]

Facilities Related Demand Charge by Calendar

($/kW/month)|  Calc I

Peak Sensitive Retall Demand Charges by Calendar

($/kwW)|  Calc I

U

5. Go to Results Tab

a. Run all results to get dispatch, state of charge, and revenue results based on
the inputs (Project Specs, Step 2) and customer Load Profile (Step 4).

Storage Activity

‘ Day Ahead Energy Dispatch Report E ‘
‘ Real Time Energy Dispatch Report E ‘
‘ Combined Energy Dispatch (kw)__calc_] ‘
‘ Ancillary Service Report E ‘
‘ Storage Activity Summary E ‘
‘ State of Charge History ©-1)__cale_] ‘

Monthly Revenue

‘ Service Revenue Summary

Result

U

Load

‘ Net Load

(kw)__cale ] ‘
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lllustrative Example: Food Distribution Company on PG&E E-19 Tariff

SES ran multiple cases for a 100kW, 400kWh battery system at a food distribution center in
San Jose California, under the PG&E’s E-19 Tariff. The analysis focused on three use case
types:

1. Performing demand charge management (DCM) only (behind the meter only)

2. Performing demand response (DR) only (behind the meter only)

3. Optimization of demand charge management (DCM) and demand response (DR)
(behind the meter and in front of the meter)

4. Performing CAISO wholesale market revenue streams, no DCM or DR, (behind the
meter and in front of the meter)

Note: StorageVET does not currently optimize Demand Charge Management (DCM) with
wholesale market revenue. This functionality will be added in subsequent versions of the tool.
The combination of wholesale and DCM + DR revenue will give a potential owner/equity
investor in the project a more complete view of the project.

Case 1: Demand Charge Management Only

In the DCM-only case, the battery is dispatching 10 - 20 times per month to lower peak

demand charges. The battery would be otherwise available to provide DR and participate
in the wholesale market.

State of Charge History (0 - 1)
Show history of storage state of charge.

=

Day of Month | 5

|
Simulation Years | 2016 |

Horizontal Axis: | Daily Dispatch Index

-]
Key: | Month |~

-1_

0.9 - \

U_?-u = = = = = = = = = = e -] -] -] L] -] L] -3 L] -3 ‘_m
I s e e e s S S e S T L

0.5 1 . . . . . . . . . . . 3
0.4 1
0.3 1
0.2 1
0.1 1

State of Charge History (0
1)

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Daily Dispatch Index
Month

& JAN  ® FEB MAR AFR ¢ MAY JUN JUL AUG % SEF < OCT NOWV DEC

The graph indicates that demand charge management requires dispatch almost daily every

month to successfully lower the peak demand charges at the facility. This would result in
100 - 300 cycles annually.
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Case 2: Demand Response Only
In the Demand Response Only case, the battery is discharging 2 - 4 times per month in the

summer months when called upon by the ISO or DR provider to perform. The battery
would be otherwise available to provide DCM and participate in the wholesale market.

=

State of Charge History (0 - 1)
Show history of storage state of charge.

Day of Month | 8

Simulation Years | 2016

Horizontal Axis: | Daily Dispatoh Index

Key: | Month -
14
(=]
= Ug -
>
o 0.8
S
% 07
s 0.6
E FI 0.5
i 0.4
= 0.3+
% 0.2 1
& 0.1 7
00:00 02:00 04:00 06G:00 08:00 10:00 12:00 1400 16:00 18:00 20:00 22:00
Daily Dispatch Index
Month
# JAN  # FEB MAR APR 25 MAY JUN JUL AUG < SEP = OCT NV DEC

The graph indicates that the storage resource is sitting idle most the hours, and is available
to dispatch to provide service to the wholesale market, increasing revenue. This use case
would result in 20 - 50 total cycles annually. Each demand response program has different
specifications; California typically requires 4 hours of continuous discharge energy to
comply with capacity obligations.

Case 3: Demand Charge Management and Demand Response
In the DCM + DR case, the battery is performing DCM with the full kW capacity (100kW),

and reserving a small portion of the capacity to perform DR. In this case, 30% of the battery
inverter capacity (30kW) is reserved for DR.
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State of Charge History (0 - 1)
Show history of storage state of charge.
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This use case in a battery system that has a more complex charge discharge cycle of 150 -
200 cycles per year, but many of the cycles will be below 100% depth of discharge.

Case 4: Wholesale Market Participation Only
In the wholesale market participation case, the battery is charging and discharging daily to
perform the highest value service to the grid. In this case, the battery is performing its RA

(Resource Adequacy) capacity obligation daily, and is performing frequency regulation
during all other hours.
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In the wholesale market participation case, the battery is cycling every day at different
depths of discharge according to the highest value use case which can be performed in any
given hour. It is following multiple signals and has a daily schedule which it can depart
from if a higher value use case presents itself.

VII. Conclusion

The dispatch model results were able to validate SES’s initial assumptions around financial
viability of various use cases in the CAISO market. Demand charge management on its own
is a high value use case that can support battery storage (if SGIP is obtained). However, it is
also very risky to perform because the battery control system has to forecast individual site
load.

The subsequent iteration of the ESVT tool will optimize across all revenue streams (DCM,
DR, Wholesale Market), and as participation rules continue to evolve the EPRI team will
accept feedback in order to ensure that the ESVT tool can conform to performance
requirements of each application. Given that the participation rules will continue to evolve,
SES will provide feedback on an ongoing basis to the EPRI team. SES’s feedback will further
ensure that the ESVT tool will be able to adapt to application performance requirements.
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