February 27 - March 2, 2023

INTERNATIONAL
2 DISTRICT ENERGY
ASSOCIATION

MIT Microgrid Campus Upgrade
for Improving Resiliency and
Reducing Blackouts

Frances P. Boyle, PE, MIT
Wayne Schweidenback, PE, Vanderweil Power Group
Abdel Rahman Khatib, PhD, PE, Schweitzer Engineering Laboratories, Inc.

S A \ SCHWEITZER
CampusEnergyZOB I I I === VANDERWEIL S E L ENGINEERING @ INTERNATIONAL

7@ DISTRICT ENERGY
POWER GROUP A - L ABORATORIES ASSOCIATION




Motivations, Goals,
and Objectives
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Motivation

Catalyst to Advance Project
* Extended utility outage in 2012 highlights the necessity to have
an islanded, resilient microgrid for the campus

* Original gas turbine is replaced as approaching end of useful life

* Cleaner fuels are adopted, and equipment is selected with state-
of-the-art controls — MIT generated power cleaner than utility
* Greenhouse gases are reduced
* Campus load has exceeded generation capability
* Future power and thermal generation growth are flexible
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Goals and Objectives

Requirements Benefits
* Increase campus electrical system * Enabled replacement of electrical
resiliency and reliability equipment nearing end of life
* Relocate critical infrastructure * Maximized power to campus
* Double utility buses and connect * Expanded campus circuits for
to existing buses future electrification

* Double distribution buses with
electrical protection

* Provide power cleaner than grid
* Create seamless island microgrid
* Support phased construction
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MIT Microgrid Electrical
Distribution Upgrade

Wayne Schweidenback, PE, Vanderweil Power Group
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Original Electrical Distribution
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Relay Control System (RCS)

Abdel Rahman Khatib, PhD, PE, Schweitzer Engineering Laboratories, Inc.
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Solution — Power Management System (RCS)

1) Load-shedding system 3) Load restoration
* Contingency (group-based) Voltage/frequency/spinning reserve/
* Underfrequency (inertia-based) time-supervision
2) Generation control 4) DD
+ PCC power flow control — IEEE 1547 + 81RF
4 intertie to utility 5) Cold start

* Island autosynchronization —
17 breakers

* Voltage and frequency control
after islanding — 1ISO/droop/
1SO-sharing/voltage droop

Step-by-step help
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Load-Shedding Priority HMI Example

Description Status
Breaker Breaker Load Bus 431S/NLS ezl (e Rz Load Shed
Number(s) Desciption Status Connection 43L/R GEIET| BEE Power Group Priority
(MW) (YESNO)  (MW) D

1 131 13.8kVFeeder Closed  Bus13C NLS 2.75 ]
2 132 138kVFeeder Closed  Bus13C NLS 275 | No 125 1
3 13c3  13.8kVFeeder Closed  Bus13C Ls 275 | No 125 1
4 13C4  13.8kVFeeder Closed  Bus13C Ls 275 | No | 125 1
5 13C5  13.8kVFeeder Closed  Bus13C Ls 98 | No | 125 | 1
6 13C6  13.8kVFeeder Closed  Bus13C Ls 1123 [ No | 125 [ 1
7 1302  13.8kVFeeder Open None Ls 00 | Ne | 125 2
8 1303  13.8kVFeeder Closed  Bus13D Ls 457 | No | 125 | 2
9 1304  13.8kVFeeder Closed  Bus 13D Ls 397 | Yes T 500 | 2
10 1305  13.8kVFeeder Closed  Bus13D Ls 868 | No | 125 | 2
11 1306  13.8kVFeeder Closed  Bus 13D Ls 208 | No | 125 | 2
12 1307  13.8kVFeeder Closed  Bus13D Ls 555 | No | 125 | 2
13 13GTA  13.8kVIncomer Open None s "o00 [ No | 125 [ &
14 13618 138kVIncomer|JXERN  None 4R T o0 [Neliaas a0
15 N16A-7  4.16kV Chiller Closed Bus 13GAC . 015 | No | 125 | 3
16 N16A-8  4.16kV Chiller Closed Bus 13GBD _ 93 | No | 125 | 3
17 N16-9  4.16kVChiller Closed Bus 13GAC _ 75 | No | 125 | 3
18 N16-10  4.16kV Chiller Closed ~Bus 13GBD _ 1045 [ No [ 125 3
19 N16-11  4.16kV Chiller Closed Bus 13GAC _ 017 | No | 125 | 3
20 N1612  4.16kV Chiller Closed Bus13GBD _ 017 | No 125 | 3
21 136AC7 future Open  None Ls 017 [No 125 A
22 136807 future Open  None Ls 017 [Ne Ta2s A

De-Carbonizing the Campus: Planning, Tools & Technologies

CampusEnergy2023 @ INTERNATIONAL

DISTRICT ENERGY
Gaylord Texan Resort & Convention Center | Grapevine, Texas ASSOCI ATION




Load-Shedding Crosspoint HMI Example

Contingency Load Shedding X-Point

Breaker 13C1 13C2 13C3 13C4 13C5 13C6 13D2 13D3 13D4 13D5 13D6 13D7 13GTA 13GTB N16A-7 N16A-8 N16-9 N16-10 N16-11 N16-12 13GAC7 13GBD7

N/A Loss Of Eversource S S S S S - S

1 13UTA [

2 13UTB [ ]

3 13UTC [ ]

4 13UTD [ ]

5 1362 [

6 1363 [

7 1364 [

8  13GA2+13GTA [ |

9  13GB2+13GTB [ |

10 13GAC2 + 13G2TAC [ ]

11 13GBD2+13G2TBD [ ]

12 13GAC3 +13G3TAC [

ey | | [ | | ([ [ '/ J [ [ [ [ [ | /| | |
14 13GAC4 + 13GATAC [ |

15 13GBDA4 + 13G4TBD [ |

16  13GTC+13CTG [

17 13GTD+13DTG [

18 13CTD+13DTC [
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Generation Control HMI Example

AUTOMATIC GENERATION CONTROLS

CONTROL / SETPOINTS STATUS ALARMS
B I el e Kl e el o R o e W
GAC+GBO o Droop. 60.00 Bo7 883 On of o off oft
GAC+GBO No Droop 000 52 623 On on o off oft
VOLTAGE CONTROL SYSTEM
CONTROL / SETPOINTS STATUS ALARMS

e I R e el el P Kl il s Pl bl I e e K e i

16200 GAC+GBD Na Vit 177 1002 1016 On o o on on

€630 GAC+GBD Na Valt nrr 1035 10,48 On o on o on
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Autosynchronization HMI Example

Selected Beaker
*m *mm 13GTA
13GA 1364 1368 1368 Initiate |
— = - = e
o7 13678 [ Target Reset Abort Synch
AIGAC?  13G2TAC  13G2TBD  13GBDZ|
Frequency OK to Iniiale Hasltny
Voltage OK 10 Initiate Healthy
= “Sync Initiated No
Sync In Progress. Mo
Close Fail(Target Reset Required) Healthy
1ACH  1G3TAC 1300TED 130802 Lockout (Target Reset Required) Healthy
‘Sync Aborted (Target Reset Required) Hesltny
03 Running Bus Voltage 1397430
Incoming Bus Voltage 13810.20
6AG GBD
Running Bus Frequency 8000
Incoming Bus Frequency 60.00
AIGACE  13GATAC  13G4TBD  13GBD4|
Slip 0.00
Slip OK to Close No
1304
‘Angle Difference 239
‘Voltage Difference 16408
‘Cauntdawn Timer 0000
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Load Restoration HMI Exan |pIe
Description Status
15 min
Breaker - Breaker Load Bus
Number(s) Description Status Connection £l LB A(;:r‘:,g)e
1 13C1  13.8kVFeeder Closed Bus13C No Remote 275 | 3 Restore
2 13C2  13.8kVFeeder Closed Bus13C No Remote 275 | 3  Restore © RESETSHED FAILALARM
3 13C3  13.8kVFeeder Closed Bus13C No Remote 275 | 3  Restore Frequency DeadBand (Hz) | 005
4 13c4  13.8kVFeeder Closed Bus13C No Remote 275 Restore Voltage DeadBand (kv) 05
5 13¢5 13.8kVFeeder Closed  Bus13C Remote 28 | 3 | Restore WaitTime (minute) [ 5
6 13C6 13.8kV Feeder Closed Bus 13C No Remote 223 Restore Total Cal Ava Capacity (MW) | 0.00
7 13D2  13.8kVFeeder Open None No Remote” 00 | 3 Restore UV 13GAC4/13GBD4 Yes
8 1303  138kVFeeder Closed Bus13D No [N 457 [ 4 |ITTTSEE Circuit Breakers in Remote [N N
9 1304  13.8kVFeeder Closed Bus13D No Remote 3.97 | 4 Closed Automatic LR Stopped Inactive
10 1305  13.8kVFeeder Closed Bus13D No Remote 4.68 | 4 Restore Automatic LR Completed Inactive
1 1306  13.8kVFeeder Closed Bus13D No Remote 298 | 4 Restore Automatic LR in Progress Active
12 1307  13.8kVFeeder Closed Bus13D No Remote 555 | 4 Restore
13 13GTA  138kVincomer Open  None  No [HEEIM oo Initiate Black start
w o8 38kincomer [OFE None  No Remote” oo (A ENTTTENN  INER
15 N16A-7  4.16kV Chiller Closed Bus13GAC No  _ 015 | 25 Restore
16 N16A-8  4.16kV Chiller Closed Bus13GBD No  _ 234 |25 Restore
17 N169  4.16kVChiller Closed Bus13GAC No  _ 255 [ 25 Restore
18 N16-10  4.16kVChiller Closed Bus13GBD No  _ 245 [ 25 Restore
19 N16-11  4.16kVChiller Closed Bus13GAC No  _ 017 25 | Restore
20 N16-12 4.16kV Chiller  Closed Bus13GBD No _ 0.17 Restore
21 13GAC7  Futureload  Open Bus13GAC No Remote 457 | 0 Restore
22 13GBD7  Futureload  Open Bus13GBD No Remote 3.7 Restore
23 13GACL Bus Tie Closed Bus13GAC No Remote 555 | 7 |  Restore
24 13GBD1 Bus Tie Closed Bus13GBD No Remote 457 | 7 Restore
25 13GACY Bus Tie Closed Bus13GAC No Remote 3.97 | 7 Restore
26 13GBD9 Bus Tie Closed Bus13GBD No Remote 868 | 7 |  Restore
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Commissioning CLSP vs. UFLSP

De-Carbonizing the Campus: Planning, Tools & Technologies

Frequency Response After CLSP-UFLSP 17.5 MW Import CLSP UFLSP
61 CTG CTG
8.56 MW 9.3 MW
60.5
Import Import
60 17.5 MW 17.6 MW
59.5 IRM UF Level
- 5MW  Level 1 ROCOF 5
. RTS RTS
58.5 12.5 MW 22.12 MW
58 STS STS
13.17 MW 22.13 MW
57.5 Minimum Minimum
14 16 18 20 22 24 726 Frequency Frequency
58.58 Hz 57.86 Hz
—CLSP —UFLSP
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4.8 MW/7.5 MW Load Acceptance Frequency
61 4.8 MW 7.5 MW
60.5
60 Settling Time Settling Time
595 ~12 seconds ~12 seconds
59
: Minimum Minimum
58.5 Frequency  Frequency
58 58.58 Hz 57.16 Hz
275 Maximum  Maximum
57 Frequency Frequency
10 12 14 16 18 20 22 24 60.1 Hz 60.9 Hz
—48MW LA —7.5MW LA
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Microgrid Electrical Modifications

* Have power availability and reliability during island mode operation
and grid power outages to protect campus functions

* Add and upgrade existing 15 kV microgrid electrical switchgear and
paralleling capabilities and increase redundant bus configuration

* Double the campus loops in microgrid

* Create a smart microgrid controller system for CHP load control and
sharing, paralleling, frequency control, island mode operation, and
load-shedding mode
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Lessons Learned

Key elements Extensive site testing with load banks

* Complete permitting prior to * No campus load interruptions
construction start * Facilitated load-shedding scheme testing

* Early engineering cycle —FEED study . G4s tyrbine load sharing response tested

* Consi§tent, collaborative, and * Starting without utility power and with
technical team temporary, replacement roll-up generator

* Collect specific generator response
* Significant team participation in FATs

* Complete separation of power islands
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Factory Acceptance Test
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Factory Acceptance Test

T, W
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Commissioning
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Commissioning
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Thank You!
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Ill" Frances P. Boyle, PE

\
VANDERWEIL Wayne Schweidenback, PE
POWER GROUP
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