Microgrids
Pilots to Programs and Lesson Learned

John Lemire - Director, Grid Management
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Summary

= Who are the NC Electric Cooperatives

= Pilots to Programs

= Program Opportunities with Customers (Coops or C§&l
Customers) and Developers
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1M

Households and businesses
served by NC Electric
Cooperatives

93

26

Distinct member-owned, not-
for-profit cooperatives

Counties we work in around the state of
North Carolina
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Lessons Learned

Focus on communications, implementation of use cases, and
ongoing support after commissioning

Requirements for success
= Collaboration with local engineering and operations staff
= Clearly defined and documented operational agreements and procedures

= Distribution systems are not perfectly balanced at all levels
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Pilot Concept to Implementation

= |nnovation team developed the project concept

= Project received Board approval
= R&D budget funded by all NC Cooperatives

= Entity that invests receives the benefit
= NCEMC Preserves the regulatory

structure of electric service

= Distribution Cooperative
to the member-consumers

= Member-consumer
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Microgrids

" Four operational o e R
= Ocracoke Island — Feb 2017 m;gg\_,,--—q;’? .
= Butler Farms — Mar 2018 raresder . O?.,Ei P
- Heron’s Nest — June 2020 -
- Eagle Chase — March 2021 :

= One in development T - ¥
= Rose Acre Farms — Q4 202Fl> § . )

L. artners

= Objectives =

= Demand Response
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TICOMAL RENEWABLES COOPERATIVE ORGSANZATION

= Sustainability
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Ocracoke Microgrid

= Part of NC Coastal
Outer Bank Region

= Population: 948

= Area: 9.6 square
miles

Tideland EMC
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Ocracoke Microgrid Components
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MICROGRID

MAIN GRID

175 Wi-Fi 50 Tesla 62 Diesel
connected water heater Battery Bank, Solar Panels Generator
thermostats controls* 500 kW, 1 MWh 15kW IMW
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Ocracoke Islanding Test — 10/25/17

Major Compaonents of Generation and Transmission

To 115 kV

Time of Day = 12:00

TEMC opened temporary recloser creating island
Island Load = 1.7MW

Diesel status = Engine running, Islanded Mode, 1.7MW
Battery status = Energized, not charging or dis-charging
Solar Status = Energized, 14.7 kW output

Frisco —¢Z
vee /@
Hatteras Village y
Substatmn f, e

Submarine cable (25kV) \“ ' 5\ ~~ Buxton Generators fT‘;;.
P |% 34.5kV from Buxton |

Temporary - ] gg 34 Sk‘u';‘r 25kv  to Hatteras Village F_§g_¢
Y, » : 256V

Single phase pole

Recloser (25kV) . g o
= .________.—-"'J ._.____,-"" controls 11.\;: """"""""""""""""" NCEMC Ocracoke P ekl e '
Ocracoke Village P | sas
Load (12 kv) o ouiE p=a a - Pes
| S Island Transmission (25kV) e csen e s " ssov
Ocracoke | S 5’&1};’12kv .?;‘..,, i
Generator — 1 /42 | oo w .
Breakers _F:."\ i - ‘ ‘ ‘
[ 4 DC;“‘;? e G"{’;erat“r Shortly after bring on the microgrid the 25kV system i = @ N g
\ g . . . . . ‘ i -Line -Line On-Line |
e SAELE R experienced high voltage causing lighting arrestor i e JEL TEA  sow |
failure on the 25 kV system. This caused a drop in R i N NI o]

voltage and all generation was removed.

Red = Closed Status
Green = De-energized or Open Status
Orange = 115 kV

M1 - CHEC Lighthouse Delivery Point
M2 — NCEMC Buxton Units 182 Meter (NEWOBX2)
M3 - NCEMC Buxton Units 3&4 Meter (NEWOBX3)

Later during an attempted re-test the generator — i M — TEM s o Raveme b IR
. w—  Brown = 12 kV ME — NCEMC Ocracoke Unit 1 Meter (NEWOBXE)
brea ker Opened due to hlgh VOltage_ — Biug = 4180 Volt M7 - NCEMC Ocracoke Station Service Meter (NEWOBXS)

M8 ~ NCEMC Ocracoke MicroGrid Interconnection Meter

Black= 480 Volt or less
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Hurricane Dorian — Ocracoke Plant & Microgrid
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Ocracoke Controller Enhancement

Future Schedule Capability .|

= Now conforms to standard
controller design criteria

Generation Setpoint (kW)

Islanding Mode Enable/Disable Islanding Mode of Operation

Deadband (kW)
Disabled o

Ocracoke Islanding Battery Step Increase/Decrease (kW)
“ Ocratoke = Buvten Delay Setpoint (s)

D mic B Shapi
y n a I C a tt e ry a p I n g Things To Remember Output Setpoints

1. Sign Conventions: Negative to Charge and Positive to Discharge

a Ocracoke Generation (kW)
2. Make sure BESS scheduling functionality is disabled before enadbling
131anding mode of operation

Buxton Generation (kW)

BESS Status

2. Enter setpoint settings in the order starting from Ceneration
Setpoint and ending at Delay setpoint

= Monitor & Respond to stability

Total Generation (kW)

5. In order to disable Islanding Mode of Operation, change the BESS Output (kW) 6%
Is1anding mode of operation to "Ofr*. Change the Dead-dand (kW) Enuwmw'
Battery ¢ ease (KW) and Delay Setpoint (s) to O Thmer (3)
m Wait for the BESS output to §o to O before Gisabling Islanding Mode of okl Testa #1 Tesla 82
Operation

Timer Instability (s) -7 L 003

of diesel plant
= Optimize current diesel output
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Butler Farms Phase 2 Test Results — Feeder Island
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Butler Farms Unsuccessful Transition — 9/14/18

Event Time
September 14
Feeder Out 05:13:00

Mode Change Blocked 05:14:00
Shutdown (R3 open) 06:35:00

September 16
Power Restored 22:50:00

= Catch-all alarm point used in
Cooper recloser scheme that
included “loss of AC”

< 4 I\‘-
Butler Farms . ¢ €~

= Shutdown mode opened R3
isolating the farm

€/ NCElectric Cooperatives
* Cooperatives KT

Your Touchsto gy’



Butler Farms Island 5/4/19

Farm Island Event 5/4/19

Butler Farms —

HYAIN/MIA
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d into Farm

Island mode to support the farm during the 20-

[May 4, 2019]
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Saturday, May 4, 2019, a tree caused an outage on

the 12kV feeder that serves Butler Farms.
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Microgrids: Use Cases and Value Old

Member Wholesale Tariff
Capacity=57kW=mo Value Portfolio Savings

Transmission - S/KW-mo

4

Energy - $/MWh Portfolio
Value
) Microgrid Regulation
Investment > =2 Ancillary R
or > _ Voltage Support
PPA . Services  [EXIWNITNTY
Microgrids

Transformer upgrades Resiliency Islanding

e conductor on [ o Reliability R
Deferral Net Positive Energy Facility
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Contractual Arrangements and Agreements
Butler Farms

Subordination Agreement — Farm
Lender and NCEMC

Ground Lease

Preserves the regulatory

structure of electric service  NCEMC

to the member-consumers

CEEE NCEMC

Interconnection
Agreement

Solar and Biogas PPA- Butler Farms
and South River South River
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Butler Farms Community Microgrid

A microgrid at Butler Farms

NCEMC assets

T e . e | ~—— ‘:é}wn\"'* .o - . g::rt\irjyr;; ?%cl)(vv\\//eFS?ci:(eV\é;lstem
b NOI’t_h Carolina is the nation’s SeCr,Ohd — :jm--_ -);-:-ifag»-: ' On-site generation owhed by customer
leadmg pOI’k producer e el . 185 kW swine-waste generator
= Lillington, NC " - = 20 kW solar
= 28 miles southwest of Raleigh, NC = 100 kW diesel
= Population of 3,581 Controller and infrastructure to provide

community resilience
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Butler Farms
Microgrid Components

Resources owned by the farm:

L9

20kWsolar ~ 100KW 185kW
diesel biogas
generator generator

NCEMC-owned:

1]

250kW/735kwn  controllerto
integrate and manage
battery system
all components

panels
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Butler Farms Microgrid Phases and Objectives

Grid-Tie mode and autonomously operate in Farm
Phase 1 Island mode to power Butler Farms using solar and
February 2018 batteries for a minimum of four (4) hours
Expand to switched operation in Feeder Island mode
Phase 2 to power 28 surrounding homes for a minimum of

June 2018 four (4) hours

Phase 3 Incorporate the operation of the biogas and diesel

generator & expand footprint of surrounding homes
February 2020
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Heron's Nest Project: Brunswu:k EMC

What's New

= Sustainable neighborhood

= OATI GridMind (site controller) will integrate NCEC asset:;: '

with DERMS OATI GridMind controller
: C L C e On-site generation owned
= GridPort (distributed sensor) on individual by developer
devices gsoeang/ZSS kWh energy
62 kW solar

On-site assets owned by
homeowner

Rooftop solar and EV plug
rough-in

‘_..

]

mm i i o

Smart thermostat and water
heater controls

= Controller and
infrastructure to provide
community resilience w/
Neighborhood App

=]
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Eagle Chase: Wake EMC

What's New

= Resilient neighborhood w/ 36-hour backup
power

= OATI GridMind (site controller) will integrate
with DERMS

= Battery: 558 kW — 1 MWh Tesla
Battery Bank

= OATI GridMind controller

EAGLE"®

= 300 kW Propane Generator

Controller and infrastructure to
provide community resilience
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Rose Acre Farms: Tideland EMC  rose Acre

What's New

= Designing optimal control of
distributed, back-up diesel
generation to balance against
solar + storage

g

On-site generation by

3

5 NCEMC
f — | - 2.0 MW solar
w0 Z 25 x 250 kW * 2.5 MW /5 MWh Battery
E i Existing |
Az e S Controller and infrastructure to
E = Generation provide resilience by NCEMC
N (N

es
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