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@ Distribution System Resilience:

Microgrids During Hurricane Sandy

Co-op City (Bronx) ”f

NMU
T

No. without power

[ > 10000
[ > 100,000
B > 1,000,000
Operating
* Microgrid Microgrids at 11 facilities provided local continuity of power
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]:[ Distribution System Resilience:

Microgrids During Hurricane Harvey

THERMAL
ENERGY
CORPORATION

Microgrids provided electricity to Texas Medical Center and grocery stores during times of need
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& The Electric Power System

Bulk Generation Transmission » Distribution

Generation Transmission  Transmission Transmission! Industrial Distribution Commercial/Residential
Station Substation Lines Substation | Customer Substation Customer
1
1
Alberta Electric : community
System Operator Midwest 150 1 Microgrid Bulk Supply
N S 1 Connection
ntario Independen:
Electricity System Operator : Distibation oo
Substation UYL L ____
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@ Microgrid Controller Vendor Space

Non-comprehensive

+ Schweitzer Engineering .
Laboratories (SEL)

« Eaton

* Schneider Electric .
* General Electric

« Alstom (now with GE)
 Raytheon

- ABB

« Siemens .

Lockheed Martin
Spirae

Iperc

Etap

Smart Grid Solutions
Pareto Energy

Lawrence Berkeley National
Laboratory (LBNL)

Oak Ridge National Laboratory
(ORNL)

The Power industry needs ways to identify “vaporware” and reduce deployment risk
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@ Power Distribution
Integration Platforms and Testbeds

Simulation KController HIL\ Power HIL Power Testbed Full System
S |
vl
N —
I [
Inv I I Inv G
l I
| ! | | |
|
C | : C C | |oms
= 4 [ [
pncC pncC
Legend
G generator
HighA Inv  battery or solar inverter
C device controller
H nc microgrid controller
swwlat on DMS distribution management system controller
~ power grid
) high-bandwidth AC-AC converter
(@) __{  simulation or emulation boundary
E [] hardware
Q O virtual (simulated or emulated)
3 O low cost
o O moderate cost
- ‘ high cost
o
|—
Low
T d
Low . . High
Test Fidelity
HILLTOP -7 LINCOLN LABORATORY

RS 12 November 2020 MASSACHUSETTS INSTITUTE OF TECHNOLOGY



@ HILLTOP Rack #1

Using OPAL-RT Simulator

S —

%

» Real-time target with Xeon Intel® Processor < FPGA-based I/O management with
— Using 8 of 12 cores — Xilinx Spartan-3
- 2.7 to0 3.2 GHz
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@ HILLTOP Testbhed #2
- Using Typhoon HIL Simulator

« 4 HIL603 units

— High speed serial link
interconnection 8 lane - 5GHz

2us & 4pus time steps
— Multirate electrical simulation

HIL603 real-time
simulator

23 cores used

20ns digital sampling

SEL HIL Connect 42 simulated relays with Modbus

comms
— 1.2 ms execution rate

Woodward HIL Connect

EPC HIL Connect (PV and ESS)
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]:[ Simulated Diesel Genset Block

1 MW Genset 4 MW Genset \

Manufacturer / Model CAT C32 CAT C175-20
Rating (kVA) 1,000 4,000
Power Factor TBD TBD
Voltage (V) 480 13,800
Frequency (Hz) 60 60
Speed (RPM) 1800 1800
Minimum Output Power 25kW 100kW
Startup Time <10 sec <15 sec

Genset ratings and characteristics

Diesel Engine
Speed & Voltage Control

@ . »Pm » -
wref A1)
&P, Bk A «2>
Vtref Vi, | » Ve B
&>, Pm . cp oD
Enable vt c
. Synchronous Machine
mCD ‘
Y IR
w_meas_Woodward lisc| - -wa__befof»
I <Vf_after>
V_meas_Woodward Vi -
& ﬂ ‘ »2)
Woodward_Enable ) [ Primary
.
Synchronous Machine, Governor, and AVR Models
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@ Natural Gas Combined Heat and Power

 Physics-based, scalable 3.5 MW

e NG genset with gas valve, intake
© s manifold, combustion
g P e S S== ™™= _ Fuel usage
o Sl T G e : k% — GHG emissions
9 & Valve body Tke" Engine . — Heat recovery
LL) e manifold maememsan_ \Woodward easYgen 3500

compatible
GE/Jenbacher J620 NG Engine (1800 RPM)

3.5 MW Natural Gas Engine Model (Physics Based)

« Aggregate CHP system model

Supply Heating
HeatRec WBGHD) ] . — Modbus commanded heating or

L} . i >= » -} - b_} - -
— e chbstng [0 o - CHP et Suppiied B cooling mode, temperature set-point
© CHP Steam .
£ o — Independent heat load input

Hrec{exhaust) ~20% of Input Energy = 1.6 MW !
E R -- o r—y ™ — Parametrically settable losses,
= Setpoint & o o oo, Rowet Losd racratineria cooling coefficient of performance,

e pOIn I Boiler controller I Heat Ioadw*g"uaw th I - rt_
h | Temtpelrature : Boiler Hn!;;uz;;lled MBtw:hr erma Ine Ia
L control _ _ _ _
CHP Aggregate Thermal Model
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Device Controller Integration:
Woodward easYgen 3500

GCB
| Governor b
Woodward AVR
easYgen 3500

Genset
Controller

J

YA

ﬂ 16 Vac 16 Vac 16 Vac 16 Vac

+5V square wave

()
0-1A O

©
0-1A O

Legend
M Motor

G Generator
GCB Generator Circuit Breaker
MCB Mains Circuit Breaker
@ Signal voltage transformer

@ Voltage-controlled current source
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@ EPC Power Electronics Models:

Solar PV and Energy Storage System

k
-,
o
=

s

:::::

ﬁ
T !
E
4-quadrant control module o
Control capabilities for microgrid operation ﬁ

— Real (P) and Reactive (Q) power dispatch wh )

— Voltage islanding mode

— UPS parallel backup mode
Modbus over R§485 Communication epcpowenr o i

Manufacturer validated inverter model
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@ Generic Software Relay

= e e [T~~~ """~ -——- ~
| == = | . Protet_:tlon I
Used for telemetry | S - = = B Functions |
: : e = Sikas_J
Various time current LSS TS |E =l VN S
characteristic curves (TCC)  .y--= > = |- | F----=-=-----=-=-- W
: . | e o B | |
Active protection features: 1=: = - _==| = | :
I = 1 | |
— Over/under voltage (27, 59) .Ca'cu'at'T | i E |u1 ;
. l - s
— Synchronism check (25) * 'slz%:lt:;s: : bataLogging |
— Reclosing (79) e e :
Modbus TCP interface

Multiple protection group settings
accessible by the microgrid controller

— Grid-tied protection
— Islanded protection

Degree of inverseness
approximating SEL-751 |

Multiples of Pickup
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Three Layers of Control

Controller HIL with

Distribution System
Operator

Physical Device
Controllers

SEL 751
Relays

SEL 2440

Fast Load Shed -

EPC PV
Inverter
Controller ¥

Woodward §
Genset / CHP
Controllers

EPC Power
Converter g
Controller g

Test Stimuli

Loads A ———

DSO Export/Import [+10 MW (import) to -5 MW (export):
0 = any import/export permitted

DSO PF -0.75 -+0.75

Volt/VAR support -5 MVAr -+5 MVAr

Demand Response 0-5MW

Motors

Command Range of Values Ve

Irradiance M
g! 5 | e

Grid Status

L




I&] HILLTOP for Temporal Fidelity

Genset
protection
Fault functions  Short circuits
transients (50-100 Hz) (300-600 Hz)
(1-3 kHz)
One
Desired Power Power AC
real-time converter | converter cycle | gecondary ‘02dand Sl gl
simulation switching | control (60 Hz) | jigpatch irradiance System
rate frequency | response control data redispatch
(5-20 kHz) | (1-2 kHz) (1-10Hz (1H2) (5-15 min)
M L L | A I I | o I IR | | #{
| T T | | T T TN | AL |
] ] ] 10’ 10° 10°
10s 17min
| I

—_
Short

{ —— Traditional off-line ____Steady-state

Circui
Power Flow
- power system analyses !
Calculations Analysis
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[E]

Construction of Detailed

Microgrid Test Feeder Model

One-Line Diagram

RT Simulator

500

250

Detailed Studies

Generator

Current
o

-250 “E LI ‘4“ VU

500 £

= Short circuit ————| Breaker opens Load shedding -~
E ] control response
45 Y et "-“,"1‘ oy
|-. (T R ""i

5 10 15 20 25

Data capture: Scott Manson, SEL

I M,\ \'M'l “li‘l ||H|\| ”] 1\ ||u\ ||||||g 1 y |||; |\ |‘, ;H h|||u || H[HM
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= 0 | ' i
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| | I i |

30 35 40 45 50 55 60

Cycles

High fidelity evaluation of the power system and DER controller response
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Real Life Distribution Network as
Controller Integration Benchmark

BANSHEE SYSTEM PROFILE

04-28-2017-22-03-35

00:06:56{] 416

LEAD LAG , -

|

0.50 1.00 ; 0.50
m Utility-1

[] Critical Load SEL751

[[] Priority load

B Interruptible Load euse!

ctot 1Vpu

ca
104

1 Vpu h
T101

Icz

e
0,98 Vpu
200hp P1

LEAD

0.50 0.75

B tility-2

SEL751

BUS201 €

cB )
201 6.6 kW 22
1Vpu

- IBE 1 kW
0.94 Vpu

1 \'[in

1Vpu'

BUS208
39 W %|B 9
P30:99 vpu

P2

LAG
—
0.75 0.50

Time step: 100 uSec
Site demand: 14 MVA at 0.9 p.{

1Vpu i
T208

BUS210)

c8

0.2 kW218
0.99 Vpu

217 I N.O.

C4 |ivm

1Vpu

M Utility-3
SEL751

BUSAO1L

1 Vpu '

T2

BUS304

c8
308 10.9 K
1Vpu

c8

07

1 \.'.;J.u J

P4

BUSIT [

1.6 kW
0.99 Vpu
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@ Showcasing Microgrid and DER
- Technology

Second Microgrid and DER Controller Symposium
February 2017, MIT Samberg Center, ~300 attendees
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@ Vision for
- Power Systems HILLTOP

-1- * Provide a tangible proof-of-concept to new project stakeholders

DL « Use for rapid iteration of feasibility studies
Platform
A
-2- « Cost-effective systems integration and testing
Development » Decrease risk on “brownfield” sites operating legacy equipment
Platform - Enable performance evaluation of commercial products
A
-3- * Pre-commission testing of advanced power system projects
Deployment * Test edge conditions and exercise the actual device controllers
Platform - Technical risk reduction for electric power utilities
A
Stan d_a‘:d_s Test | ° Industry-standard test platform for new power systems
Platform - Certify to IEEE P2030.8, P1547, and utility interconnection rules

—-5—

Electric Power HIL Controls Collaborative (EPHCC) Shared Repository
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@ EPHCC Shared Repository

github.com/PowerSystemsHIL

| —
L T Rk IEER! =3
BT IR BT Bl t :NREL
s ”‘7 ' % ) -E—'A.:: \ it ; 'F ‘ \ NATIONAL RENEWABLE ENERGY LABORATORY
I & | ,,,,, iy E Al NREL Microgrid Testbed
github "I —
SOCIAL CODING
EPHCC Shared Repository

MIT-LL Test Feeders and
Models

E-T-N

A dsvaess Hndcan:

Typhoon HIL
SEL RTDS Testbed MIT Smart Grid in a Room Eaton Protection Typhoon HIL
Factory Acceptance Test Simulator for ARPA-E Coordination Study HILLTOP testbed
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@ Elements of the EPHCC Shared Repository
' github.com/PowerSystemsHIL

p
Microgrid Test Feeders Standard Test Stimuli Post-processing Scripts for
I Test Results
? v T:‘ﬁ
Microgrid Test M
Repository

Netlists

Load profiles, irradiance profiles,
grid outages, faults

Interface Circuitry for
Device Controllers

Circuit schematics, bills of materiel

HIL Target Platform
Conversion Scripts

HIL Platform
Repository

Targets: OPAL-RT, Typhoon HIL,
RTDS, NI, and others

Interface Code for
Device Controllers

]

Synchronous Machine I '®

pu Fundamental
Motor-generators, power
converters / inverters, and relays

Communications Interface
Translation Code

Validated Device Controller
Software

Genset controllers, power
converter controllers, relay
protection functions




Reynaldo Salcedo
Technical Staff
Energy Systems, Group 73

781-981-0610 (lab)

rsalcedo@ll.mit.edu
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BACKUP
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HILLTOP Block Diagram

Communication Translation
m Hardware/Firmware

Microgrid Controller (Unit Under Test)

Modbus TCP IEC 61850

IEC 61850 |
I Modbus TCP l l
Modbus RS 485 Modbus RS 485 Modbus RS 485

N |

Modbus RS 485

Combined Heat and
Power Genset

3 Solar PV and
Inverter

%| Battery Storage and

Power Converter

Simulated Distribution Grid
and Microgrid Test Feeder
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Organized for Collaborative Design
github.com/PowerSystemsHIL

> iy, CaseStudies

4 @y Components

. CAMPS

. RTDS

» g SimulinkOpal —
#. SimulinkSpeedgoat
# Typhoon

#a DataProcessing
4 @y DistributionSysterns
4 @y SimulinkOpal
> @y, Banshee
> @y Canary
> @yl Siren
» @yl HighlLevelDocs
» @y SimulationTools

[ #a Templates

>

[+

@

SRR AR AR ISR

4 & SimulinkOpal
o1

Activeload
Cable

; CHPandThermal

, CircuitBreaker

DhA5andTestseq

EPC_BESS PV

ESS

Fault

Genset

HWController_Diesel_Genset 4MVA
HWCentroller MGCHP_Genset 3p5MVA
HWCtrl_I0 InterfaceBlocks
MeasurementBlocks

Motor

Passivel oad

Py
Relay
SELT5] _InterfaceBlocks

Transforrner

Upp
WoodwardEasyGen3500_InterfaceBlocks

# . relay_settings
#  relays_cenfiguration_files

) relay box wiring schematic20161104
£ relay_ANSI_50P_script &0
£ relay_ANSI_51P_script
% relay_ANSI_59P_script
{*a| relay AMSI_F25_lib

[ refay_AMSI_functions_li

[ relay_mgec_cmd_lib
g relay_modbus_lib
(g refay_PLL_lib

(&l relay_POSPF_lib

E—.Lj RelayLogicDiagram
[*& SEL751_Test F1

[ SEL731_Test_F2

% SEL751_Test_F3

| | SEL751Settings.rdb
(@] SEL7515ettings

[ SWRelay_CommTest
[l UnitTest_relay_tripOuthing

I_] VC70T_2-EX-0001-2_2_6_61-32A1016D10160105el-01-01.bin
D VCTOT_2-EX-0001-2_2 6 61-32A101601016D105el-01-01.conf
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