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, | Techno-economic Analysis of Energy Storage

* Identify revenue streams: what are the
possible services/applications that an
ESS can provide?

* Select the right ES technology to
provide those services.

* Ewvaluate the overall economic gain
otven the limits in performance of the
selected storage technology.

* Optimally size ESS.




QuESt - Overview
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Quest

New or returning user?

Take a quick tour

QuESt Valuation
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QuESt Performance could have generated by
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QUEStBTM QUESt Equity

Copyright 2018 National Technology & Engineering Solutions of Sandia, LLC (NTESS). Under the terms of Contract DE-NA0003525 with
NTESS, the U.S. Government retains certain rights in this software.
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Estimates value for an energy storage system providing
ISO/RTO services. Uses historical data to determine the
maximum amount of revenue that the energy storage system

stacking multiple services/value

streams (e.g., ancillary services, energy arbitrage). This
retrospective analysis estimates value from future cash flows.

Get started

Version 1.6 available on GitHub: https://github.com/snl-quest/snl-quest
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Decide what type of
analysis to do.

«ISO/RTO value
stacking => QUESt
Valuation

«Behind-the-meter
applications => QuESt

BTM

Grab the appropriate

data from QuESt Data
Manager.

«ISO/RTO market data
«Utility rate structure
*PV profile

eLoad profile

Select the appropriate

application from the
first step.

«Set up the analysis
and run it

«View and process

results

» Developed for
user experience

« No hassle
installation

Application/GUI

« For power users

« Use for Python
scripting

» More capabilities

API/Library
(coming soon)

Current (v1.6): Alpha Release:

"QuESt Data Manager *  QuESt Equity
=QuESt Valuation

"QuESt BTM

"(QuESt Tech Selection

"QuESt Performance



Energy Storage Technology Selection

ES technologies currently in the database:

* Pumped hydro storage (PHS) * Flow battery - Iron (FBFe)
« Compressed air energy storage Flow battery - Zinc bromide

Goal: given a set of user selections, perform an

. el ] . . . (CAES) (FBZnBr)
initial screening to identify and rank feasible  Sodium (Na) « Nickel (Ni)
energy storage technologies for a given project. - Zinc (Zn) - Lithium-ion - Energy (LiE)

* Flywheel - Long duration (FWLD) -« Lithium-ion - Power (LiP)
* Flywheel - Short duration (FWSD) « Lead (Pb)
* Flow battery - Vanadium (FBV)  Lead carbon (Pb(Q)

User inputs: Filtfer out ES techs that are pot Score each feasibl.e ES tech
« Grid location su1t.able for the selected grid based on the following factors:
« Application(s) lggatlon and/_or c!o not mget the * Application requirements Output: ranked
. System size (power) minimum appllcgtlon requ1remfents * Location requirements feasible ES techs
« Discharge duration (discharge duration, response time, * Cost
electric output) » Technology readiness level

The tfinal score for each ES tech is given as
the weighted geometric mean of the four
individual scores, so that the user can assign
higher weights to the factors that they
consider more relevant to the intended
applications.



QuESt - Technology Selection

Energy storage technologies feasibility

The plot below indicates whether each energy storage technology is a feasible option for your project.

Application Summary of user selections:
Gridlocation  requirements Fesible? Grid location  BTM: commercial/industrial
Application  Retail TOU energy charges
System size 100 kW

M Quest
Compressed-air energy storage
about se ) Flow battery - Iron
Flaw battery - Zine bromide

Discharge duration 4 hrs

Flywheel - Long duration

Zine

Welcome to the energy storage technology selection wizard! P ————
Lead-acid
This wizard will guide you through the process of identifying feasible energy storage technologies for a given project. Based on ‘::::“_'f"“
user inputs and pre-loaded databases that contain parameters to characterize multiple energy storage technologies and their grid Lithiumion m,..‘..n...'.pn....

applications, this tool identifies which storage technologies do not satisfy the minimum application requirements (such as Lithiumn-ion nickel-manganese-cobalt [ IS A

discharge duration and response time). Then, the remaining feasible technologies are ranked to indicate their compatibility to the Nickel

desired project. Pmpet e o S A [

Vanadium redox flow

The flowchart below depicts an overview of the steps performed during the energy storage technology selection analysis.

Scoring: for each ES tech vs. application pw

2 ES techs that are not aslgn a score for each of the following factors:
| 1=t filter: remove ES techs that are not | suitable for the selected J . Scoring: compute combined feasibility score
suitable for the selected grid location (based du esponse « Location considering the previous factors
mmmﬂ i - Cost e S
. o level
ESsustinciogie | : Ranking of feasible energy storage technologies
‘m mumm;mm m The plot below depicts the feasibility score of each energy storage technology for your project; higher scores indicate a better match between a technology
AN i N and the requirements of your project. The Adjustments box allows users to modify some settings used for computing the total feasibility scores.
Summary of user selections:
Application Location Cost Maturlty Total Grid location  BTM: commercial/industrial
Application  Retail TOU energy charges
Sadium System size 100 kW
Lithium-jon iron phosphate - — — S MmN | Discharge duration 4 hrs
Lithium-ion  — — — — —
Lithium-on nickel-manganese-coball M. —— — — —
Get started Lead-ncid . e——— | —— S — Adjustments
Lead-carbon I —— — —— —
Vanadium redox fow I — — — — Weights for each category:

Flaw battery - Iron — — — — Application: 1.00 Location: 1.00
Flow battery - Zine bromide . — — — — — —_—

Fine  m— - —— . — Cost: 1.00 Maturity: 1.00
P . | AT Y

Nickel  — — e — —
Pumped hydro storige I — o _
Compresei ey sorope — — N san
Flywheel - Long duration — — —
Flywheel - Short duration pests =cores
L T e N A




. | Energy Storage Valuation — Market Problem

Given an energy storage device, an electricity market with a certain
payment structure, and market data, how would the device maximize

the revenue generated and provide value?

maxz: (Ai(qid —0eql) + g AT + 8T, + qr (AT — 5g"d,1i)) e—Ri

L arbitrage regulation up regulation down
subject to:
Siet = NsSi +1cq] — qf + 18741 — 87 g
0< Si <3S

qt +qf +q+q*<Q

* Other constraints, such as requiring the final SoC to equal the initial
SoC or reserving energy capacity for resiliency applications can be set.
* Varies based on market and available value streams



QuESt - Valuation Application

[ auest

Wizard

Select a market area to place the energy storage device in.

o X

home

settings

Different market areas can have different market structures, resulting in

various opportunities for generating revenue.

—1s

New England ERCOT PIM
New York 1SO
\ PJM
nterconnection
NYISO ISONE
California
150
Electric Reliability
Council of Texas CAISO

IRC

Previous

MISO

QuESt - o x

home about settings

Describe the type of energy storage device to be used.

Energy storage devices come in many forms and technologies. In this application, they are mainly modeled according to
their power and energy ratings. Select an energy storage device template and/or customize your own.

_ ANt SRt

Li-Iron Phosphate Battery

Flywheel Vanadium Redox Flow Battery

self-discharge efficiency (%/h) Li-ion Battery

. 100.0
Modeled after the Notrees Battery Storage Project in western
I 90.0 ‘ TX.

energy capacity (MWh) o 24.0

\i‘

round trip efficiency (%)

power rating (MW)

—o

i quest = X

4 O Wizard home  about settings

Here's how the device generated revenue each month. Reports

Revenue was generated based on participation in the selected revenue streams. The gross revenue generated over
the evaluation period was $3,064,793.94. The gross revenue from arbitrage was -$526,420.06, an overall deficit.
This implies participation in arbitrage was solely for the purpose of having capacity to offer regulation up services.

Revenue (by month)
Revenue (by stream)
Participation (total)

Participation (by month)

$372,795

U arbitrage
. regulation

u]:_D[WF]ﬂWE

-$81,578
Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec

Generate report




. | Energy Storage Valuation - BTM Problem

Given an energy storage device, a utility tariff structure, how would |

the device minimize the electricity bills for the customers?

min{Cg + Cy + CH '}

s.t. enerqy storage and inverter constraints

Cg is the energy charge of period m

Cp is the demand charge of period m

Cx (£ 0) is the net metering charge of period m.

Oversized
Inverter

) 7
Allowable PF Range

Q



QuESt - BTM Application

Specify the energy storage system parameters.

energy The maximum amount of energy that the
capacity ESS can store. kwn
wer rati The maximum rate that at which the ESS can ’20—| KW
I Quest — O X% power rating charge or discharge energy.
¢ [‘l Time-of-Use Cost Savings home about settings transformer The maximum amount of power that can be W‘ KW
rating exchanged.
Select a rate stru ctu re. self-discharge  The percentage of stored energy that the ESS 100 %ih
efficiency retains on an hourly basis.
‘Fitterby name Energy 000102 03040506 0708 0910 11 12 13 14 15 16 17 1819 20 21 2223 Demand 000102 0304 05060708 0910 11 12 13 14 15 16 17 1819 20 212223 . o . X -
Jan Jan round trip e percentage of energy charged that the
85
Feb Feb efficiency ESS actually retains. \—I %
0129 Mar war
A Al
0206 B somssonmon M:rv W oo M:L minimum The minimum ESS state of charge as a o %
0213 B soommanan lun state of charge percentage of energy capacity.
0321-nyseg (R — -
Aug Aug . .
0325-pepco-general-service W soosouuawn  Sep Sep maimum The maximum ESS state of charge as a %
PNM oct oct state of charge percentage of energy capacity.
Nov Nov
e-tou-option-b bee bee initial state of The percentage of energy capacity that the %
example charge ESS begins with.
nyseg-tou-residential
nyseg-tou-residential-nem1 Jan Jan
Feb Feb
paloalto Mar Mar
Apr Apr
W sonssemrawn  May W soonw May
mE W om0 b
| TV g . . " .
W soomessuamn Sep . Here's the total bill with and without energy storage for each month. Reports
oct Oct The total bill is the sum of demand charges, energy charges, and net metering charges or credits. It looks like the ESS Total bill
Nov Nov was able to decrease the total charges over the year by $1,712.70.
Dac Dac Total bill comparison
Demand charge comparison
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Energy charge comparison
Flat demand rate [$/kw] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - .
comparison
Peak demand min. [kW] D Peak demand max. [kW] Net metering type Energy sell price [$/kWh]
Peak demand comparison

. without ES
: I I I I I I
0
Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec




o Given a Peaker loading profile, what are the optimal
QuESt Equity sizes of PV and storag§ or 1-to-1 replacement o% that
plant? What are the health and environmental benefits:

Inputs
Welcome to the es+pv powerplant repalcement wizard!
This wizard will guide you through the process of determining the size and power of energy storage and PV needed to ® POWCI‘plant Data Flle
replace the operation of a given peaker plant. The program then calculates how the reduction in pollution would
concretely benefit the health of disadvantaged communities and people with low incomes .
* Battery and Analysis Parameters
Start |

* Dispatch Type Assumption
Outputs

*  Minimum capital cost solution(s)

*  Health Benefits

¢ Distributional Impacts

Start Select a Power Choose Analysis Choose Confirm Inputs Run o i
Plant Parameters Dispatch Type P Optimization u. p.u .
-Minimum cost
Power plant data -Discount rate -Flexible Dispatch For each replacement replacement solution(s)
files are constructed -Value per ton of CO2 or factor: Find minimum -Health benefits (map)
in the Data Manager -ES and PV cost -Fixed Dispatch total cost of ES+PV to Distributi | it
and imported here -RTE replace operation of the -bistributional equity
for use -Replacement Factor(s) selected power plant
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Run performance simulations.

Select an input file Select weather file

1ZoneUncontrolled_wESS_hvactemplate_ptacexp2.idf
tainer_wESS_ptac.it

oE+ .idf
«Weather file

*Charge/discharge
profile

Given a charge/discharge profile of a BESS, how much

(@11 Y ol Vs o1 g 0 s V- 11 LL Bl cnetgy is needed to run the HVAC that maintain system

temperature within its operating range? How does this
affect expected performance and location?

(il

n
B e ™ e e )
Select salved models ta plot.

Valuatic 202212:46:53 "
Select battery profile e

Plot/Redraw

Simulation Run simulation

parameters

«Battery parameters
*HVAC setpoints
e|nsulation

*HVAC consumption

«Battery
consumption

«System Efficiency
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Example — QuESt Valuation and QuESt Performance

Select a market area to place the energy storage device in.

Different market areas can have different market structures, resulting in various

Example: 1 M\X/’ 1MWh Ll—iOIl opportunities for generating revenue.

BESS located in NYC

Prerequisites:
*NYISO NYC zone prices
*NYC weather data

QE-|—



13 | Example — QuESt Valuation and QuESt Performance

Run multiple valuations with one click. Run multiple valuations with one click
Select a pricing node. Select months to evaluate. power rating (MW) & nitisl state of charge ( minimum state of charge

“ n

. Click the Parameters tab. Change the energy ca{)acity to 1 MWh and the

. Click on the Batch Runs Button -> select NYISO from the pull ower rating to 1 MW, Change the minimum'state of charge to 5% and
) 4 down options -> select N.Y.C. from the node options -> Bl Bie' maximuin state of charge to 95%.
. Navigate to the QUESt Valuation tool. arbitrage from the pull down options -> select all months of

the year. . Once everything looks correct, click Go! Once the simulations are

finished, navigate back to the home page.

{ Elecericity ($MWh)

State of Clarge (MWh)

VAN -

Energy Changed Discharged (MWE)

- ) Price of ity (SMWE)
B il

|
. T T 1 A
| l.“l‘,""‘,hll"_:‘\-"l‘"m‘}h'l‘Jlrl"_«JIL“J‘JJ‘-IUII‘}JlIP ' U'LJ#.;J‘JUJ‘,J-JU‘IJJ'U'J




14 | Example — QuESt Valuation and QuESt Performance

Run performance simulations.

Quest ey

QuESt Performance

@keiiercy NS

Enter the Per ulln:ln(.e Simulations option. Select PTAC

from the HVAC options. Select the provided input file .
describing a BES na sh1p?1n% container. Select NY from

the locatjon dropdo ect the weather file

downloaded rewously Select the Valuation run from the

Profile dropdown. Select the months available.

. Navigate to th ESt Perf tool. .
ayieateliod R L Click the Parameters tab. Leave the default
parameters as is, click the Ready Button.

Encrgy Consumption

il

Mo

Seleet solved madels to plot.
¢ or

Hourly HVAC Power Consumption

kb

Hourly Battery Power Consumption

container_wSS._ptac d | nyc2

Il |“ | | | | | I‘ |

Select solved models to plot.

Run performance simulations.

. The selections made will be displa
everything looks correct, press Go!

Monthly Efficiency

% 0% 0% 79.0% B00% TASNw W% 792

¥ ¢
Mourh

Yed. If
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