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Distribution System Resilience:
Microgrids During Hurricane Sandy

No. without power

> 10000

> 100,000

> 1,000,000
Operating 
Microgrid

Princeton University

Co-op City (Bronx)

NYU (Lower Manhattan)

FDA White Oak Facility (Maryland)

Microgrids at 11 facilities provided local continuity of power
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Distribution System Resilience:
Microgrids During Hurricane Harvey

Microgrids provided electricity to Texas Medical Center and grocery stores during times of need
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• Schweitzer Engineering 
Laboratories (SEL)

• Eaton

• Schneider Electric

• General Electric

• Alstom (now with GE)

• Raytheon

• ABB

• Siemens

Microgrid Controller Vendor Space
Non-comprehensive

• 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
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HILLTOP Rack #1
Using OPAL-RT Simulator

• FPGA-based I/O management with 
− Xilinx Spartan-3

• Real-time target with Xeon Intel® Processor 
− Using 8 of 12 cores
− 2.7 to 3.2 GHz
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• 4 HIL603 units
– High speed serial link 

interconnection 8 lane - 5GHz

• 2µs & 4µs time steps
– Multirate electrical simulation

• 23 cores used

• 20ns digital sampling

• 42 simulated relays with Modbus 
comms
– 1.2 ms execution rate

HILLTOP Testbed #2
Using Typhoon HIL Simulator

HIL603 real-time 
simulator

Woodward HIL Connect

SEL 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 

 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

Synchronous Machine, Governor, and AVR Models
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Natural Gas Combined Heat and Power

CHP Aggregate Thermal Model

GE/Jenbacher J620 NG Engine (1800 RPM)
3.5 MW Natural Gas Engine Model (Physics Based)

• Physics-based, scalable 3.5 MW 
NG genset with gas valve, intake 
manifold, combustion
– Fuel usage

– GHG emissions

– Heat recovery

– Woodward easYgen 3500 
compatible

• Aggregate CHP system model
– Modbus commanded heating or 

cooling mode, temperature set-point

– Independent heat load input

– Parametrically settable losses, 
cooling coefficient of performance, 
thermal inertia
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Device Controller Integration:
Woodward easYgen 3500
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EPC Power Electronics Models: 
Solar PV and Energy Storage System

• 4-quadrant control module

• Control capabilities for microgrid operation

– Real (P) and Reactive (Q) power dispatch

– Voltage islanding mode

– UPS parallel backup mode

• Manufacturer validated inverter model

• Modbus over RS485 Communication
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S
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Generic Software Relay

• Used for telemetry

• Various time current 
characteristic curves (TCC)

• Active protection features:
– Overcurrent (50, 51)

– Over/under voltage (27, 59)

– Synchronism check (25)

– Reclosing (79)

• Modbus TCP interface

• Multiple protection group settings 
accessible by the microgrid controller
– Grid-tied protection

– Islanded protection

Protection 
Functions

Data Logging
Registers
Mapping

Preliminary 
Calculations
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Controller HIL with 
Three Layers of Control
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HILLTOP for Temporal Fidelity
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Construction of Detailed 
Microgrid Test Feeder Model

High fidelity evaluation of the power system and DER controller response

One-Line Diagram

RT Simulator Detailed Studies
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• bansheeprofile_final.wmv

Real Life Distribution Network as 
Controller Integration Benchmark
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Showcasing Microgrid and DER 
Technology
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Vision for
Power Systems HILLTOP

– 2 –
Development 

Platform

– 3 –
Deployment 

Platform

– 4 –
Standards Test

Platform

• Cost-effective systems integration and testing
• Decrease risk on “brownfield” sites operating legacy equipment
• Enable performance evaluation of commercial products

• Pre-commission testing of advanced power system projects
• Test edge conditions and exercise the actual device controllers
• Technical risk reduction for electric power utilities

• Industry-standard test platform for new power systems
• Certify to IEEE P2030.8, P1547, and utility interconnection rules

– 5 –
Electric Power HIL Controls Collaborative (EPHCC) Shared Repository

– 1 –
Engagement 

Platform

• Provide a tangible proof-of-concept to new project stakeholders
• Use for rapid iteration of feasibility studies



HILLTOP - 21
RS 12 November 2020

EPHCC Shared Repository
github.com/PowerSystemsHIL

SEL RTDS Testbed
Factory Acceptance Test

Eaton Protection
Coordination Study

MIT Smart Grid in a Room 
Simulator for ARPA-E

Typhoon HIL 
HILLTOP testbed

NREL Microgrid Testbed

EPHCC Shared Repository

MIT-LL Test Feeders and 
Models



HILLTOP - 22
RS 12 November 2020

Elements of the EPHCC Shared Repository
github.com/PowerSystemsHIL
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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
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Organized for Collaborative Design
github.com/PowerSystemsHIL


