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Disclaimer

DOE OE supported under award DE-OE0000229

"This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.”
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Project Overview

 First large utility scale community energy storage
(CES) project on one circuit (1 MW of storage)

« Aggregation of CES using a Distributed
Resources System Operation Center (DERMS)

 Using utility industry protocol (DNP3)

e Determining economic value of storage on a
distribution circuit in MISO market

 Built and deployed secondary use EV batteries
* Integration of energy storage and PV



Project Team and Roles

(weekly project calls)
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Project Team Members & Roles

Team Member

Role

DTE Energy:

>

Project lead
Utility participant for CES field demo
Project reporting

CES Unit suppliers =\

|
Factory acceptance testing s =
Technical Support uCHmLQ"Q

DNV-GL

CES functional testing
Economic analysis and reporting
Technical Support

Circuit model development for baseline
Reliability & economic dispatch algorithm

CHRYSLER

Durability & conditioning testing of EV battery
Secondary use EV battery supplier
Provide baseline data for EV battery

NEXTENERGY

Investigation of regulatory issues surrounding
energy storage and renewable energy
DOD applications

nationalgrid

Utility technical advisor




CES System Overview
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« Eighteen new units installed
— One was installed in training yard

— Developed engineering documents,
installation and operating procedures

— 17 on one distribution circuit
— |EEE 1547 certification

« Two repurposed EV battery systems
demonstrating secondary use
application

* 500 kW of storage
co-located with
500 kW PV

CES Value
Parameters

Power 25 kW
Energy 50 kWh
Voltage 240/120V AC
Cells Li-lon




CES Field Installation

e 18 new units installed in 2013
— One in Training Yard
— 17 on one circuit

* Winter reliability problems

» Desire to test as an aggregated
fleet

» Uses case testing started in June
2014
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e Large storage system with PV
— 500 kW PV

e Located at MCCC

e Common 480 volt bus with 2-250 kW
PV inverters

500 kVA Trf at 13.2 kV - Export limited
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Test Distribution Circuit

8 CES units
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500 kW PV :
500 kW/250 kWh 9 CES units

Li-ion storage installed
480 Volt/13.2 kV

CES Parameters — S&C Electric Circuit 13.2k

Li-ion Kokam cells Peak Load = 10.8MVA 2011

Power = 25 kW Customers = 2522

Energy = 50 kWh Residential = 2413

Voltage = 120/240 Vac Commercial = 105
Industrial = 4
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CES - Communications Architecture

Circuit .

Electrical Data HaN v AzlEbles
F ¥

M?r_ke.t LMP XML Data Exchange » CES unit 2

Pricing Data
DMP Commands

/ XML Data —

Weather Data \ » DRSOC Hub » CES Unit N

All storage systems individually addressable or in a fleet hub
command mode using DNP3
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DTE Energy DERMS

SCADA / Field Networks

Master
~

Field Communication Networ
or APN cellular
Sensors, Switches,

Capacitors, ..55 L— =T,
Tt

Regulators, LTC
/ (soLAr) (BaTTERY) ( PEV )
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CES Communication

CES Site Summary

Battery SOC _Lomm PCS Power PCS VARs Load Power Inhibit Alarm
y) £0.70 % 0.00 ki 3.46 0.05 Kw [SoRMAL XML Poster
8280 % 018 KW 14.59 368 KW = Tool
86.00 % [RoRMAl 0.02 kw 15.01 1.94 Kw
SEEIZ G00KW 500 T8 KW [Fomial | DNP3
3570 % 0296w 1499 [NoRMAL]
[ 000% [NOWWA]  000kw 349 H
59.40 %2 007 kw 0.01
550% 2R 502 (oAl | DRSOC Memcache DRSOC | |
91.90 000kW 341 - ! Database Database Hub
I 9750% 03BkwW 502 | |
97.40 % 083k 1499 [NorRMAL]
9610 % DEERKW 50 [Sorsiad | DNP3
98.00 % DES kW -15.02 : |
022 kW A5.00
5| 0.00 ki 3.45 [NorRMAL]
| CES-16 | 000 ot 343 [
CES-17 | | 085 kW 14.98 [NomvAL] |
 DNP3 Master in DR-SOC
DTE oo e by
. Itron S
7 Enterprise Navigator « Cell APN communication
Point & Unit ID |~ |8 uews;IDetruitEdisun\CES-m ﬂ wﬁewsjl None ﬂ Add fo my view s | J
' D9342AGCKvar Setpoint  KVAr 26620 . .
CES-10 - °
' D93M2AGCKN Setpoint KW 26519 T — CB1 1o Customer P — C ES D|Sp|ay InC|u deS
(¥ [0-9342.Current Phase A A 20065 W Fieactive Pur 110 kvar
(" D-8342 Current Phase B A 20086 @ Utilty HEL;:E;WEI 27 kW -~ o FaCtL v E L Ut. | .t I d d It
 D-8342.Current Phase G A 20067 @ Source Reactive Pur 3.7 kv Vollage 1263 12R.2v 11 y oad and vo a.ge
[-9342.Peak-shaving kvar PowerFactor 0.0 % Eurent 168 53 A
C Setpoint EWAr 26622 T L L2
Vol 1
- STy g | Bover 20 1 * Customers load and voltage
- attery nverter
Add to My Points DC Contactor [:] s
ystem Status/Alarm
Startdate: [9/15/2013 j Da)s:lz j' [:] J_ Communication Status [FDRMAL ° | nve rter data
. 1 Inverter ——————— Informeational Alarm [EORMAL
loveriays: [~ Day before = jj RealPower 00 K Warning Alaim [NORMAL
™ Week before Battery Management System— = Reactive P 36 ki System Inhibit _
| Omerdate [or162013 7| Vokage BTE P S Initit Al rrn [ORAIAL] b Batte I’y data
7 Current 0.0 B Eurleat oo 01 A System Enabled [RORMAT
Ontions: [~ Add legend sac B8/ % |GBT Temp 154 169 DeaC| Made of Dperation: ek -Shaving
B ot S 2 » System Status and Alarms
Point (D~ 22857 == B D-8342.C5ftes CES-10.Load Power 9152013 - 91712013
Point name: Load Power a .
Total value: 111.95 kWh g ° 1
Peak Value: 11.02 KW (9/16/2013 8:14 PM) ; Graph can dlsplay any Varla‘ble
Load factor: 22.3 % Zs
Lastalarm: Mormal &
Lastvalue: 2.72 kW (9/16/2013 0:30:45 PM) g 11
952013 D600 952013 12200 952013 15:00 9162013 D000 SAE2013 0600 SAE2013 1200 SAE2013 1800
Fastern Time
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CES Test Plan - Modes of operation

document

REQUIREMENT# TEST PERFORMED COMPONENT TESTED Mode of Operation
DRSOC-CES-001 Data usage test Cellular communications Stamd-by / Hub Command
DRSOC-CES-002 CES mantans Mmimum Reserve Mangin CES controlicr logic Hub Command
DRSOC-CES-003 CES unit will operate safely when unit is at CES controlier logic Hub Command t t . t
100% S0OC and is given 2 chargs command. D d p b I
DRSOC-CES-004 CES unit will operats safely when kW and CES controlier logic Hub Command e m O n S ra e Ca a I I I eS
seinoints cause unit to excesd dschange
R * * \oltage support
DRSOC-CES-005 CES unit will operate safely when kW and CES controlier logic Hub Command
inis cause unit to exceed charge
Sy - VAR support
DRSOC-CES006 | DR3OC Hub will dispatch a reasonable set- DR30C Hub Hub Command . .
point when algorithms command a kW set- I I d d
point that excesds unit charge rating. ¢ S an Ing urlng OUtageS
DRSOC-CES-00T DRSOC Hub will dispatch reasonable set- DRS0OC Hub Hub Command .
point wihen gorithms command a kW sat- ® Frequency regL”atlon
point that exceeds unit discharge rating.
DRSOC-CES-008 DR-50C Hub will dstribute fiest kW charge or | DRSOC Hub Hub Command
discharge across all units based on Sof of (AG C)
each unit.
DR.S0OC-CES-DIR CES Efficienc CES Efficienc Hub Command 1
DRSOC-CES010 DR-50C Hubilill issue commanas per a set DRS0OC Hub ! Scheduls o Renewable energy tl me
schedule to produce “Renswable Ensngy
Tume Shift”
DRSOC-CES-011 DR-50C Hub will issus commands per & 5et DR30C Hub Scheduls
schedule to produce “Blectric Energy Time . .t .
Shift” ) C p k h g
DRSOC-CES-012 DR-50C Hub will send commands to CES DRSOC Hub AGC IrCUI ea S aVI n
units based on simulated AGC signal - - -
DRSOC-CES013 DR-50C Hub will discharge CES flestio DRSOC Hub Peak-Shaving b DISCharge durlng hlgh LM P
maintain a maxamum kW at the circuit feeder.
DRSOC-CESD14 Charge when nesded for reserve capacity DEW Senice DEW
DRSOC-CES015 Discharge when pnce is high and unit is not DEW Service DEW
nesded” . .
DRSOC-CES01G Do not change when would cause overioad DEW Senice DEW [ ) C d I d
DRSOC-CESDT Do not dschange when would viclate reserve | DEW Service DEW I rC u It m 0 e CO m m a‘n S
Capacity .
DRSOCCESDE | Resahve ransformer overoad By Gschargng | DEW Bervice OEW ( D EW S ervi CeS)
DRSOC-CES019 Resolve low voltage by supplying vars DEW Senice DEW
DRSOC-CES-020 Resolve high voltage by absorbing vars DEW Service DEW
DRSOC-CES-021 Resoive low voltage by dischanging DEW Service DEW
DRSOC-CES-0i22 Resclve single-phase primary overload by DEW Service DEW
deischarging only battenes on that phase whils
charging others (low price)
DRSOC-CES023 Currently discharging with no overoad, but do | DEW Service DEW
not stop dschanging because discharging is
preventing an overioad 12
DRSOC-CES-024 Forecasted overload alert DEW Service DEW
DRSOC-CES025 Minimum peofit mangin test DEW Service DEW
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24 hour profile. Light blue=Total circuit load. Dark blue=Load from
system. Red=CES fleet. Green=MCCC battery.
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Use case: DEW Economics Mode

Report date: 4/24/2015 10:25:36 PM

‘5’* Multi-Point Trend report Report span: 4/24/2015 - 4/24/2015
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|
Orange curve battery fleet kW (left y-axis). Blue curve real time LMP $/MWh (right y-axis).
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Repurposed EV batteries

» Six end of life automotive battery

packs — Fiat 500e o
« Two battery system configurations ‘

Installed
= 25 kW - 47 kWh and 94 kwh
e One CES tested at DNV GL

15



Remaining work & some lessons S¥€ DTE Energy

learned

* Remaining work

— Using EPRI Energy Storage Valuation Tool to perform sensitivity
analysis

— Initial draft report in October
— Final report to DOE early December

* Lesson learned
— Change in energy storage supplier
— Technology reliability maturity (TRL 6-7) — Automotive example
— Reliability of hardware and software
— Integration of communication systems
— Physical location of CES

16
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Backup slides
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Sample test reports

Tahle 1 AC Round Trip Efficiency

DNV KEMA Powertest
— Round Trip Efficiency
— Peak Shaving profile test

Round Trip Efficiency

— Frequency Regulation Profile Test ¢
— Islanding Test £
— Harmonic Analysis

S&C Electric commissioned IEEE 1547
certification — Passed

— Removed conditional Relay
Engineering approval

DNV KEMA cost effectiveness reports

200 -

100 -

on circuit of
— Frequency Regulation
— Peak Shaving

« DNV GL Battery deg radation te sting N R e A 7.3'481
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CES Communication Hub

Command

S0C Logs

Fleet Hub Command Setpoint

Wiki - Currentvalue: 250

kvar:

Send Control

Unit status

Reporting

Currentvalue: 25

CES#1Charge 99.7%

HUB COMMAND

CES SNC1.PCS_KW: 0

Hub Command 0 kvar -25 kW

CES # 2 Charge 99.6%

HUB COMMAND

CESSNC2 PCS_KW: 0

Hub Command 0 kvar -25 kW

CES #3 Charge 99.9%

HUB COMMAND

CES SNC3.PCS_KW: 0

Hub Command 0 kvar -25 kW

CES #4 Charge 100%

HUB COMMAND

CES.SNC4 PCS_KW: 0

Hub Command 0 kvar -25 kW

CES #5 Charge 0%

HUB COMMAND
CES.SNC5PCS_KW: 0

Hub Command 0 kvar -25 kW

CES#6 OUTOF SCAN
Charge 0%

HUB COMMAND
CES.SNCB.PCS_KW:. 0

Hub Command 0 kvar -25 kW

CES#7 Charge 99.6%

HUE COMMAND

CESSNCT PCS_KW:0

Hub Command 0 kvar -25 kW

CES#8 Charge 99.7%

HUE COMMAND
CES.SNCBPCS_KW:0

Hub Command 0 kvar -25 kW

CES#9 Charge 99.5%

HUE COMMAND
CES.SNCIPCS_KW:0

Hub Command 0 kvar -25 kW

CES#10 Charge 79.3%

HUE COMMAND
CES.SNC10.PCS_KW: 0
Hub Command 0 kvar -25 kW

CES# 11 Charge 100%

HUB COMMAND
CES.SNC11.PCS_KW: 0
Hub Command 0 kvar -25 kW

CES#12 Charge 100%

HUB COMMAND
CES.BNC12PCS_KW: 0
Hub Command 0 kvar -25 kW

CES#13 Charge 99.8%

HUB COMMAND
CES.SNC13.PCS_KW. 0
Hub Command 0 kvar -25 kW

CES # 14 Charge 100%

HUB COMMAND
CES.SNC14.PCS_KW. 0
Hub Command 0 kvar -25 kW

CES #15 Charge 99.6%

HUB COMMAND
CES.SNC15.PCS_KW. 0
Hub Command 0 kvar -25 kW

CES #16 Charge 0%

HUB COMMAND
CES.SNC16.PCS_KW:. 0
Hub Command 0 kvar -25 kW

CES #17 Charge 0%

HUB COMMAND
CES.SNC17.PCS_KW. 0
Hub Command 0 kvar -25 kW

CES #18 Charge 0%
STANDBY
CES.SNC18.PCS_KW: 0
Hub Command 0 kvar 0 kKW

Control

Standby Mode

Schedule Mode

AGC Mode

Hub Command Mode

Hub Fleet Command Mode
Peakshave Mode

DEW Econ Mode

DEW Reliability Mode

HUB 0 kW 0 kvar
HUB Full KW out (+)
HUB Full kW in ()
HUE Full kvar out (+)
HUB Full kvar in ()

o 3]
= =3
= H
=

@
= ®
= S
o =
= o
o a
T o
o
o
=
o
S
o

Randem

HUB Random kW out (+)
HUB Random kW in (-}

|

[ HUB Random kW (both +and-) |

CES Site Summary

DTE Energy

Comm

Battery SOC
80.80 %

Inhibit Alarm

[ 5590%  [NORMAH

64.70

PCS Power PCS VARs Load DC Contactor
357 kW 339 0.43 W
B8 KW £.35 0.76 kit
£.55 kw! 392 1.66
272K 3.48 1.98 kw!

0.00 kw 3.40 1.96 kw
0.00 kw 0.00 0.00 g
4.14 kw 3.40 614 kw
-4.95 kW 366 7.90 W
283 kW 339 3.05 kw
0.00 KW 0.00 0.00 gy
£.22 kw 376 1.32 kw
| EE3kW 378 (Y
5.01 kw 351 210 kw
512 KW 245 257 kw
6.83 kKW 378 0.75 kW CLSD
0.00 Kt 333 091 kw =1
0.00 kw 3.42 0.37 kw [oPEn

SRR
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DERMS — Distributed Energy Y€ DTE Energy

Resource Management System

» Distributed Resources System Operation Center (DR-SOC)
» Created a DNP3 master for distributed energy storage system
* Smart inverter functionality

Distribution
MISO ___Circuit
Weather Data i !
| SO0 KW :
1| Energyitorage |,
500 KW PV |
CES HUB :
¥ ICCE, Weh Services N o !
Disttitnated !
DTE Energy . Re.snurces-SDC E
Ilerchant Operation ' Circuit Madel (DEW) !
Center !
ICCE i
Cdlular 1
Tdernet APN :
SL) i
DTE Electtic |
aystem Operations Thistribnation : !
i 1
Center (ERLSDLE) Substation ! :
! :
! |
! 1
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