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QuESt Valuation

Estimates value for a given energy storage system. Uses historical data and a
given market structure to determine the maximum amount of revenue that
the energy storage device could have generated by providing multiple services
(e.g., ancillary services, arbitrage).

QuESt Data Manager

—

[ 3]
QuEStBTM Get started

Copyright 2018 National Technology & Engineering Solutions of Sandia, LLC (NTESS). Under the terms of Contract DE-NA0003525 with @ ENERGY N" g‘,ﬂi
ccarlty Adminisirsiton

NTESS, the U.S. Government retains certain rights in this software. Nationat Nuclear Securt -

Open source, Python-based energy storage analysis software application suite

Developed as a graphical user interface (GUI) for the optimization modeling capabilities of Sandia’s energy storage
analytics group

Version 1.0 publicly released in September 2018

Version |.l available on GitHub; Version |.2 coming soon
github.com/rconcep/snl-quest or sandia.gov/ess
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Why QuESt?

For energy storage project stakeholders

Accessible and easy-to-use software tool for energy storage valuation and related
applications

For engineers/developers
Open source software project
GUI design, application design, Pyomo optimization modeling
Pyomo models and other optimization code can be adjusted to fit specific needs

It’s free
Written in Python; no software licenses required

Current application list

QuESt Data Manager - Manages acquisition of ISO market data, US utility rate data,
commercial and residential load profiles, etc.

QuESt Valuation - Estimate potential revenue generated by energy storage systems
providing multiple services in the electricity markets of ISOs/RTOs.

QuESt BTM* - Estimate the cost savings for time-of-use/net energy metering
customers using behind-the-meter energy storage systems.

* For v1.2 release
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ome about settings

< D Data Manager

Download data for QuESt applications.

@ Internet connectivity is required to download data.

ISO/RTO Market and Operations

Utility Rate Structures

Commercial/Residential Building Load Profiles

Photovoltaic Power Profiles

We use publicly available APIs, posted market data, and crowd-sourced data.

LMPs, frequency regulation performance/capacity clearing prices, etc. posted by
ISOs/RTOs

U.S. utility rate structures sourced and validated by OpenEl.org

Commercial and residential hourly load profiles for all TMY3 (typical meteorological
year) locations in the U.S. by OpenEl.org

Hourly photovoltaic power profiles by PVWatts



5 | QUESt Data Manager __ |
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LMPs, frequency regulation

performance/capacity

Download ISO/RTO market and operations data. clearing prices etc posted by
, L]

ISOs/RTOs ]

Use operator-provided APIs,
some requiring a short

Enter ISO-NE ISO Express credentials. © Specify the range of months. Pricing node ID and/‘or types of nodes registration for an API key
Username |rconcep@sandia.gov Start: 4006
reoncepesandag | e | ISONE, PJM
b

Password End: 2018 Internal Hub Zones

{ Q Data Manager: ISO/RTO Market and Operations Data home about settings

SPP PIM NYISO MISO

ISO-NE

Use web crawling libraries
like BeautifulSoup to parse
marketplace data portals to

% find data files
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QuESt

¢ Q Data Manager: Utility Rate Structure Data

- o X

home about settings

Search for a utility rate structure.

pacific

Select a utility.

Filter by name

PUD No 2 of Pacific County
PacifiCorp
PacifiCorp
PacifiCorp
PacifiCorp
PacifiCorp
PacifiCorp

Sierra Pacific Power Co

_ by zip by state (abbr.)

Select a rate structure.

e-tou option b

E-TOU Option B - Residential Time of Use Service (All Baseline Regions) (Effective Date : 03/23/2016)

E-TOU Option B - Residential Time of Use Service (All Baseline Regions) (Effective Date : 12/30/2016)

OpenEl.org, maintained by
NREL, hosts a database for
U.S. utility rates

Time-of-use energy rate
schedules

Peak demand and flat
demand rate schedules
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QuESt Data Manager

QuESt

¢ D Data Manager: Utility Rate Structure Data
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Continue

OpenEl.org, maintained by
NREL, hosts a database for
U.S. utility rates

Time-of-use energy rate
schedules

Peak demand and flat
demand rate schedules
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QuESt

¢ O Data Manager: Hourly Commercial Load Profiles

- o X

home about settings

Download hourly load data by location and building type.

Filter by name
M
MN
MO
MS
MT
NC
ND
NE
NH
NJ

NV

| Filter by name

Carlsbad Cavern City Air Terminal

Clayton Muni AP
Clovis Muni AWOS
Clovis-Cannon AFB
Deming Muni AP

Farmington-Four Corners Rgnl AP

Gallup-Sen Clarke Field

Holloman AFB
Las Cruces IntL AP

Roswell Industrial Air Park

Ruidoso-Sierra Blanca Rgnl AP

mrbka Ca Cavmea A

Aiwni AD

Filter by name

NEIDWELAl EEUITILEINEWLZUUS
RefBldgMediumOfficeNew2004
RefBldgMidriseApartmentNew2004
RefBldgOutPatientNew2004
RefBldgPrimarySchoolNew2004

RefBldgSecondarySchoolNew2004
RefBldgSmallHotelNew2004
RefBldgSmallOfficeNew2004
RefBldgStand-aloneRetailNew2004
RefBldgStripMallNew2004
RefBldgSuperMarketNew2004
RefBldgWarehouseNew2004

Save

https://openei.org/datasets/dataset/commercial-and-residential-
hourly-load-profiles-for-all-tmy3-locations-in-the-united-states

OpentEl.org also hosts
simulated hourly load profiles
for TMY3 (typical
meteorological year)
Residential (base, low, high)

Commercial (16 reference
building types by DOE)
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QuESt

{ D Data Manager: Photovoltaic Power Profiles

- o X

home about settings

Search for a photovoltaic power profile.

vsan_fran_SkVV

latitude

longitude

system
capacity

losses

tilt angle

azimuth angle

The latitude of the site in the range (-90, 90). \37.78 ‘ deg

The longitude of the site in the range (-180, ]
180). -122.42 deg

The nameplate capacity of the photovoltaic

B | kw
system. [

The total system losses, including all

14
sources, in the range (-5, 99). ’

The tilt angle of the PV surface.

The azimuth angle of the PV surface.

https://pvwatts.nrel.gov/version_6.php

PVWatts by NREL

Uses data from the National
Solar Radiation Database and a
solar panel system model to
simulate hourly power output
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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 (Az(q? —Neql ) + T AT + 8744 + gl (A4 - 5{d,1i)) e—Ri

L arbitrage regulation up regulation down
subject to:
Sit1 = NsS; + 1cql — qf +1.67%q1* — 6T%q™  state of charge definition
0<s; < S state of charge limits
qlgi L LG qird <0 power/energy charged limits

Other constraints, such as requiring the final SoC to equal the initial SoC or reserving energy
capacity for resiliency applications can be set.

Byrne, Raymond H., et al. "Energy management and optimization methods for
grid energy storage systems.” IEEE Access 6 (2018): 13231-13260.
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{ Q Wizard home about settings

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

Different market areas can have different market structures, resulting in
various opportunities for generating revenue.

—_—

New England PIM MISO

\ N
B 150
i \ 7oy PIM
— Interconnection
Southwest |
Power Pool, p
Power ool ISONE
California N
150 S

Electric Reliability
Council of Texas

Previous

Market area
Revenue streams
Historical dataset to study

Energy storage model
parameters
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[ quest - o p 4

{ D Wizard 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.

_ Advanced Lead-acid Battery Flywheel Vanadium Redox Flow Battery

Li-lron Phosphate Battery

self-discharge efficiency (%/h) ’100.0 | Li-ion Battery

Modeled after the Notrees Battery Storage Project in western
>

round trip efficiency (%) . ’90.0 '

energy capacity (MWh) . ’24.0

power rating (MW) . 36.0 '

Previous

Market area
Revenue streams
Historical dataset to study

Energy storage model
parameters
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[ quest - o p 4

Revenue by month

¢ O wizard home about settings

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

Revenue was generated based on participation in the selected revenue streams. The gross revenue generated over Revenue (by month)
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. AL e Freq Uency Of pa I‘t]C]pat]OH ]n
Poticistionialsd each available revenue
Participation (by month) Stream

$372,795

arbitrage
. regulation I
0

-$81,578

Jan Generate report
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A collection of applications for behind-the-meter energy storage.
The first application will be estimating cost savings for time-of-use
and net energy metering customers.

Incorporate specific utility rate structures (energy TOU schedule and rates, etc.)
Use location-specific simulated load and photovoltaic power data

Nguyen, T., and R. Byrne. "Maximizing the cost-savings for time-of-use and net-metering customers
using behind-the-meter energy storage systems.” Proceedings of the 2017 North American Power
Symposium (NAPS). 2017.

*For v1.2 release; content is under development and subject to change.
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QuESt

4 Q Time-of-Use Cost Savings

| [ ], 1) )

Previous

*For v1.2 release; content is under development and subject to change.

- o X

home about settings

Next

Utility rate structure for
time-of-use energy rate
schedules, demand rate
schedules, net metering, etc.

Load profile based on building
type

PV profile if solar + storage
configuration

Energy storage system
parameters
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QuESt - u] X

Utility rate structure for
time-of-use energy rate
Specify the energy storage system parameters. schedules, demand rate

energy The maximum amount of energy that the | | SChedUleS, net meter]ng, etc.

capacity ESS can store.

{ n Time-of-Use Cost Savings home about settings

The maximum rate that at which the ESS can ;200
charge or discharge energy. —

Load profile based on building
type

PV profile if solar + storage
self-discharge  The percentage of stored energy that the ESS 100 | Conf-lgurat-lon

efficiency retains on an hourly basis.

rcf)u nd trip :;2: percelrlmtage of energy charged that the | ‘ Energy sto rage SyStem
efficienc actually retains.
i ’ parameters

power rating

transformer The maximum amount of power that can be

1000000
rating exchanged. :

apacit
capacity The percentage of energy capacity that the

. - 3 i f .
SRR ESS reserves for discharging.

discharging

apacit
capacity The percentage of energy capacity that the

rved for .
EESTN £ ESS reserves for charging.

charging

initial state of The percentage of energy capacity that the
charge ESS starts at.

Previous

*For v1.2 release; content is under development and subject to change.
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QuESt - o X

([-] Time-of-Use Cost Savings home about settings

Here's the total bill with and without energy storage for each month. Reports

The total bill is the sum of demand charges, energy charges, and net metering charges or credits. It looks like the ESS Total bill
was able to decrease the total charges over the year by $48,195.83.

Total bill comparison
Demand charge comparison
Energy charge comparison
NEM comparison

$37,866 Peak demand comparison

B without €5

B withes

Generate report

Compare monthly bill with
and without energy storage

Peak demand reduction to
decrease demand charges

Time-shifting to reduce time-
of-use energy charges

Net metering credits

*For v1.2 release; content is under development and subject to change. |
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QuESt

¢ [-] Time-of-Use Cost Savings

Here are the peak demand values each month.
The peak demand value each month is used to compute flat demand charges, if applicable.

B vithoutes

B vithes

*For v1.2 release; content is under development and subject to change.

- o X
home about settings

Reports

Total bill

Total bill comparison

Demand charge comparison

Energy charge comparison

NEM comparison

Peak demand comparison

Generate report

Compare monthly bill with
and without energy storage

Peak demand reduction to
decrease demand charges

Time-shifting to reduce time-
of-use energy charges

Net metering credits
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QuESt

¢ [-] Time-of-Use Cost Savings

Here are the demand charge totals each month.

The demand charge total consists of time-of-use peak demand charges in addition to a flat peak demand charge, if
applicable. The time-of-use demand charge is based on the peak demand during each time period and the
corresponding rate. The flat demand charge is based on the peak demand over the entire month, sometimes subject
to minimum and/or maximum values. The ESS is useful for reducing net power draw during high time-of-use rates. It
looks like the ESS was able to decrease the total demand charges over the year by $46,203.20.

$16,047

B vithoutes
B vithes
Feb Mar Apr May Jun Jul

Jan

Aug Sep Oct Nov Dec

*For v1.2 release; content is under development and subject to change.

- o X

home about settings
Reports
Total bill
Total bill comparison
Demand charge comparison
Energy charge comparison
NEM comparison

Peak demand comparison

Generate report

Compare monthly bill with
and without energy storage

Peak demand reduction to
decrease demand charges

Time-shifting to reduce time-
of-use energy charges

Net metering credits
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Mission: Continue adding applications and new capabilities to the
suite, building upon the software architecture and GUI foundation |
that we have established.

Consider more complex valuation models, such as
modeling degradation

- o x|

home about settings I
Eﬂ{] | Meioe]
_AlfEhgratones

New applications

Technology selection assistant QuESE Vslustion
) Fssiin ghan anargy n. Usee higharteal dets mﬁ]a

Explorer for energy storage project cost data ghan e eruc o dine b o s o et

. o0 {e.g. enclllary services. arbitrage)
Optimal sizing of energy storage for solar + storage - .
?

QuEStBTM Get started
m}ftwwﬂ" w[m i : M“ ;:ﬂ;@f;ﬁ;ﬁfzimm LG OTESS), Urnelss s Bervres of Coedrecs DESUI0R52S wity G)?ﬁ@% ;SLEZ{::{%; I
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