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This presentation was produced when the laboratory operated as the National Renewable Energy Laboratory (NREL). The
laboratory is now the National Laboratory of the Rockies (NLR).




Energy Systems Integration Facility

The Energy Systems Integration Facility (ESIF) is a national user facility located in Golden,
Colorado, on the campus of the National Renewable Energy Laboratory (NREL).

http://www.nrel.gov/esif Photo by NREL
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Controller- and Power-Hardware-in-the-Loop

NREL's megawatt-scale controller- and power-hardware-in-the-loop
(CHIL/PHIL) capabilities allow researchers and manufacturers to test energy
technologies at full power in real-time grid simulations to safely evaluate
performance and reliability.
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Power system studies
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Discussion on Current Demonstration and

Deployment Projects
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Simulation and Experimental Capabilities

A) Pure simulation

C) Controller-hardware-in-the-
loop and power-hardware-in-

the-loop

Source: Maitra 2007
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Power-Hardware-in-the-Loop Setup

Experimental setup of voltage amplifier interface method.
Photo by NREL. Source: Pratt 2023

NREL | 8



Y_AHP_IC Display Groul
© 20,00A/div T
o v

osition : Z 1000k : Normal
P ooil: El Acqlode © N
n - 0.00 d n

50kS/s  bs/div
V_AHP_ 14 100.004
iy

20.004/di — Zoon1 10,0k fcatlode = Normal
o iv 00,

Position = 0.00 div “

o AHPla i

i blkS/s ™ Bs/div
Main:3.00
i V_AMP_I1A. 100.004

im0 i

<Main>
: ‘ : -i0g 00 ZE
V_AMP_YB V_AMP_VC V_AMP_VB V_AWP_VC
=60000.00ns 0:00ms -60000.00ns 0.00ns
V_AHP_ 1A 100.008 <Zoon1> “200ms/div V_AHP_1A 100.008 Zooml> 200ms/div

A
S A e A e A e e T TR
J.LU-\“W—MHuuunrnL.u.u'nhu‘hh:u ww'nu‘.ul.l,v‘.wl.l,v‘.“‘lwl

l
Rt o b AR O T rn!rnvmvp”pq[q e |
R R R R R -‘-\Hhunlm\‘IrumMHI"H‘I“IH\UHI‘IMu"u’m‘T"\.w.\,‘..\...
LU A A A L s (A AR BT R AN AP JI“”“..HHH‘

A
~100.004 -100.008
VCARP_VA 500.00Y
i i

M b fmmmmn
i

30859 98ns
Stopped

20959 Qfme -72734.98ns
i A:USB Stopped
2023/07/06 11:32:01.08383236

-20734_98ns
- 6 A :USB
2023/07/06 11:32:26 2023/07/06 11:21:22.43164863 2023/07/06 11:22:43

Grid-connected to islanded mode of operation

Islanded to grid-connected mode of operation
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