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What is a microgrid

Utility Grids

Communities &

Military &

Government
Facilities

Hospitals, Data
Centers & industrials

Remote and Rural
Locations
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A group of generating assets and

loads that can operate connected
or disconnected from the utility grid

Distributed Energy Resources
Traditional generators

Natural gas generators

Combined Heat and Power (CHP)
Solar

Wind

Fuel cells

Energy storage (batteries, other)

Local “Grid Within a Grid”

* Resiliency, reliability and uptime

* Revenue from participation in
energy markets



Microgrid technologies include:

. o o |
Switching and Distribution Equipment S
Protection Equipment i bnsaceong

Power Conversion Equipment
Microgrid Control System

High-Speed Communication Networks
DER Analytics, DERMS

Energy Management Systems at the
Building, Community and Microgrid Levels for ertical load
(MEMS)
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Microgrids intersect with other smart grid technologies
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Microgrid control adds value and optimizes performance

Transition
Functions

r-Manage Peak R r-Demand Response ) r-Renewable firming
Dispatch Demand / TOU +Volt/Var Management «Disturbance Ride
Functions -Op’slm|ze Renewables «Energy Arbitrage Through
pooee s EEEEEEENS . . * Utilize Lowest-Cost *Frequency Regulation
; Sources
; Grid *Minimize PF Penalty

Connected

Generate
Revenue

Improve

Power Quality {

qecccsss sscccces

Islanding
(Planned/
Unplanned)

-

*Minimize Fuel Cost
*Minimize Emissions
*Maximize Renewables

--------------------- o] Stabilize

*PV Curtailment & Ramp Rate control
A *Prioritize & Balance Sources, Loads
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Microgrid control manages state transitions for resiliency

Transition

Functions

Planned Islanding

Dispatch . o
FuREERD: { * Controlled / managed transition to minimize risk

Grid

nn :
Connected Unplanned Islanding
* Speed / latency considerations
| +Selection of DER equipment is key
« Stability analysis / load shedding is critical

qeccccce ccccces

Islanding

(Planned/
Unplanned)

Black Start

* Intelligent source selection
* Load restoration

........................ K

reecccccniccccccemecccccccccnccnna
ceccsssse ‘ ceccccesdecccccccccccccs

..................... Reconnection to Grid

_%. + Control DERs to synchronize voltage and current
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Control functions distributed in layers and devices

Microgrid
Controller

Plant
Controller

Device
Controller

Packaging and Grouping
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From |[EEE P2030.7 Standard for the Specification of Microgrid Controllers
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Block 4 — Grid Interactive Control Functions

* Area EPS Control
- DMS
« SCADA

_[

Block 3 — Supervisory Control Functions

* Forecasting

» Data management & Visualization

* Optimization (Volt/VAR, Economic Dispatch)
« Dispatch

Block 2 - Local Area Control Functions

» Sequencing / Status Control

* Load Management

* Fast Transition — management
» Resynchronization

* Disturbance Recording

Block 1 — Device Level Control Functions

* Voltage / Frequency control

» Reactive Power Control

* Load Control

* Energy Storage Control

» Generator Control

« Fault Protection & Island Detection




Testing of complex integrated control reduces risk

——————— Microgrid Controllers

Virtual microgrid hardware-in-the-loop modeling & testing | L ——
; '

A “Digital Twin” to validate and optimize system —~ Managed Network Switch
performance BEFORE construction ! ' :
o Reduce rISk ':_: LocalCont_n;I:Ee’\l" ';"' LocaIContr_oIEI; o LocaIContrEI:)e\;
o Reduce start-up cost T } }
Managed Network Switch

Comm Type: Modbus
1P Adr: 192.168.1.11
Prefix: ESS_

Reg Map: ...

IP Adr: 192.168.1.14
Prefix: GSE.

1P Adr: 192.168.1.13
Prefix: Rly_
ICDFile

dynamics and feasibility based on data from it | |ty | | SR | St | | G
simulation

* Imported site data used to develop system
load profile and utility rate structures

« Exported data used to measure and evaluate
performance metrics prior breaking ground ) B e

- ESS_Vset

Prefix: GEN_
Reg Map: ...

I

* Increased understanding of the system W’W ( W {ﬁ {w {W

J

Communication Simulator

- PCC_Meter_P

2 —_
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Microgrid EF: 1N
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Utility Source

( __

________ Eaton Network ] Sources

o Utility
| *100 kW Generator

EDR 5000 [
Protection
Relay

. [
S =1 Loads
| | ————

| ¢4 Controllable HVAC units (4 -25 kW)
( elights, outlets, etc. (8-12 kW)

Eower Xgetr.t ) 28 kW Photovoltaic
nert Imizer
systeg:%, copmrouer *30 kW Battery Storage (30 kWh)

Utility Connection /
Islanding Contactor =

PowerPlex Il
Transducer

T’

Controllable

Load -
(412;” ad Use Cases (partial list) —

Generator Breaker o T T Sy
Power Xpert
Energy Optimizer

local controllers ePeak Power Limiting / Load Leveling

= % eDemand Management
ge eRenewable Firming
*PV Shifting

ePower Factor Control

eResiliency: Islanded operation
optimizing renewables

Poer St
Expevien(e(?nl?'

Natural Gas PV Arrays Batt, o —— _——
Generator Eﬁe?ggz Building Loads
Storage
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Utility Source Eaton Network

|
(I — s Block 4 — Grid Interactive
E———  Server Control Functions

I
| * Area EPS Control
- . EDR 5000 ! Power Xpert «DMS
IUltlllty_Corz;nectlon / Protection > PowerPlex Il Energy Optimizer « SCADA
slanding Contactor Relay q Transducer system controller
- L1 Block 3 — Supervisory
———————————————————————— 1 Control Functions
! [ ! K - Forecasting
| I i | i I o | - Data management & Visualization
(J_ ; ( ( ( : ( ( * Optimization (Volt/VAR, Economic
Dispatch
Generator Breaker = | e -t B/ | Controllable DI p N h)
| Loads Ispatc
Power Xpert
E Ontimi | (4 total)
| “eTQY tp “mzer | Block 2 - Local Area
CEEl CliElEs Control Functions
[
I

» Sequencing / Status Control

* Load Management

« Fast Transition — management
» Resynchronization

* Disturbance Recording

Block 1 — Device Level
Control Functions

4 A
o @rowen ol

PoherSpsEmS « Voltage / Frequency control

Experien

e Center’

» Reactive Power Control

* Load Control

* Energy Storage Control

EE— » Generator Control

Building Loads « Fault Protection & Island Detection

Natural Gas
Generator

PV Arrays

Storage




Microgrid

Power System Experience Center, Warrendale, PA

Actual Microgrid Performance - 24 hour period

Conditions: Functions lllustrated:

e Power Limiting — On Grid
¢ Scheduled Operation

e Winter Loading

E-T°N

Powering Business Worldwide
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Utility Power Utility Power Utility Power Utility Power == Load
Limited to Export limited Limited to Limit raised to 13 kW; m— Utility
0-7 kW to 5 kW 0-7 kW desired SOC=80% s CtolOr
=  Storage
/ / m—  Solar
. U f 1 * ihh
m MM A m T R T
§ Y ikl ol.”Jl'l IL i LA b
A W
/ 1000 I 1500 20:00 :::-:-/ D0 200 400 06:00
Excess PV Battery Battery at Battery at
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battery Maximum SOC SOC (35%) SOC (80%)




Islanded operation requires coordinated control of sources

Power Utility Generator Storage Solar
= EEEH
f‘fﬁ’ CIRY ]
i — g
I O I 0.0 KW 52 kW 58 kW 1.4 KW
0.00 pf 098 pf =7 -099 pf = 099 pf
492 Volls @
). JJ_..., /| ‘J J
488 Volts
Load 10.96 KW
Utility 0.00 kW

Generator 5.17 kW
Storage BT kW
Solar 11.36 kW

110 KW
099 pf

Building Loads

Challenge Solution

*Load on generator must remain above a minimum
level

* PV output varies and may exceed load

« Store excess energy from PV
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Islanded operation requires coordinated control of sources

Challenge ’ Solution ‘

*Load on generator must remain above a minimum * Actively curtail PV output

level (requires fast curtailment capability in inverter)
* PV output varies and may exceed load

*Energy storage is “full” or offline

Power Utility Generator Storage Solar
_
= K i
I—=T
I . I 0.0 kW 53 kW 0.1 kW 8.7 kW
0.00 pf 1.00 pf

|",Z| 0.10 pf ",ZI -0.99 pf
497 Wolts

S s |
487 Volts

I

— |oad 12.01 kW 12.0 kW
— tillity 0.00 kW e pe— 0.96 pf
m— Generator 531 KW L
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— Solar 666 kW Building Loads
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Islanding presents integration challenges

Utility Source

¢ Trip

Condition

“Seamless” islanding in response to
grid disturbances is not trivial T

Power Xpert
Energy Optimizer
system controller

EDR 5000 BB
Protection
Relay

PowerPlex ||
Transducer

Overlaying a “control” doesn’t R
overcome device-level control

o ( o ( o ( ( -« (
deficiencies L o . - : Contotabi
13 H ” . . . . k |
High speed” communication is not ; o izer i (4 total)
. local controllers |
instantaneous | | | _
= i |
Actual measurements: 8-10 msec. _ E@@gﬁ
latency utilizing GOOSE . ) ) Switch to
- K ; Voltage

Forming

Natural Gas

PV Arrays
E A l .N Generator Y
™
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Building Loads
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MICROGRID ENERGY STABILITY RECOVERY
AND MITIGATION

SYSTEMS AND MODERNIZATION

for protection and

Power reliability is increasingly a requirement,

pea ce of mind not an option, in healthcare, high-tech, commercial,

Microgrids are stand-
alone power generation,
distribution and storage

systems that work with or
independently from the
main utility grid to help
business, campuses and
communities better
respond to fluctuating
power demands and avoid
power disruptions.

military and government research facilities.

Onsite generation minimizes
transmission and distribution
line losses, which can be up to
7% of electricity generated.

Using advanced control to
optimize system operation,
microgrids shave peak demand
and dynamically shift energy
loads as needed.

Microgrids and energy

storage can maximize the

use of renewable energy
sources to help meet regulatory
requirements—and improve
sustainability.
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