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Background

* Develop, validate and deploy Data-Enhanced
Hierarchical Control (DEHC) architecture that addresses
the challenges associated with high penetration of
distributed PV.

* A hierarchical architecture where a fast-acting layer of
control interacts with a centralized ADMS system is one
of the unique and innovative aspects of this project.

e Offers a unique approach to distribution system
operation that has not been developed, tested, and
validated before.
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DEHC Architecture

I P
! —+—» ENGO ;

1 | |
| 1 | |
| ! | | Distribution
1 1 1 . Circuit Level
! /‘A-DMS Data \ : ! | LTC I Pr!n]al:y rcul eve
. | vwwo I I g Circuit

. | . | B

I Acquisition L2 | g
: 4 1 | Voltage |} | Z Secondary
! Distribution Control Ny ' | Regulator |! | & ivoui
: System Decision N : : - BS;' 1‘mnttl-l

1 N '-r: o ore the
! Model . Making ! \}\‘ Switchable :_ g %ﬂ meter
AN J ! | Capacitor |, | = -
| I : | @ Behind-the- Control time
| : ! ' meter | | window

I i >

! > PVInverter (— ! !
! | ! ! 1s 60s 500s 1000 s

|
| 1 | |
| 1 |
' DEHC Architecture | e i) U

System under control
= Control SCADA measurements |

@ éEEs

Power & Energy Society®




1.100
—— Vmax - Baseline
1.075| —— V., - Baseline
3 —— Vinax - 52
3 LOS0T gy
S1025F Vengo_avg - Baseline e e ——
g I VENGU_avg -52
> 1.000—%
0.975 -
700
S
= 6801
m
=
=
3 6601
I,
8
© 640
620
0:00 6:00 12:00 18:00

0.96

2.5

2.0

15

1.0

0.5

0.0

Total PV generation

-0.5

a:

Power & Energy Society®

Time [hours]

— Protsi pv [MW] - 53
—— Quotatpv [Mvar] - 53
— Prorarpv [MW] - 54
— Pmm_pu [Mvar] - S4
—— Qtotat evco [Mvar] - 54

00

1.10
—— Vmax - Baseline

108) V.- Baseline
—1.06] — Ymex-53
2 P Vo -S3
£1.04
@
[}
B1.02
s
Z1.00

0.98

0.96

2.5
—— Putai_pv [MW] - Baseline

< 207 —— Qrrarpy [Mvar] - Baseline
o
15 Prota_pv [MW] - S3
g —— Protai_pv [Mvar] - 53
g 10
>
2 o5
Bz
£ 00

-0.5

0:00 6:00 1200 18:00
Time Thours]

baseline

ENGO enabled

RTOPF enabled

ENGO & RTOPF enabled



Thank You!

This work is funded by the DOE under the Enabling Extreme Real-time Grid Integration of Solar Energy (ENERGISE) program.
The authors would like to thank the project partners — EPRI, Schneider Electric, Varentec, and Xcel Energy.

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for
the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S. Department of Energy
Office of Energy Efficiency and Renewable Energy Solar Energy Technologies Office. The views expressed in the article do not
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting the

article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to Tmnsm"mmii' ENERGY
publish or reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.

CHes

Power & Energy Society®




