DEV R T )
A Lt

A RBTRLTRRIRAEFE
Studies on Strategies for VVoltage Regulation in Area Power Grid

with Distributed Generation

3§ %% 0 112A013
LEEBME) Y RS T
ok ERCRIREP EEL o
By P FA@112£39 3 112# 127
FLER HMERTOF~
DR ERR S B S
4 pfi112& 119 20



P &

B G s 1
ADSIIACT. ... .o et nreeanee s 2
B B R B ATET B s 3
o T A B 3
ey T g B e 4

=~ 2 }gkf;ﬁﬁ .............................................................................................. 4

FON AT D B B AR s 7
— ~ ® * |EEE 33-bus =3 Al & & Simulink #2321 . 7
(=) 2 JEFEIE oottt r e 7

(Z) IEEE 33-DUS & 5L i 8

(Z) o B T B s 8
Z o~ A MBRREY e DC-DC ## BT BITHIE e 9
(2 ) AT i 9
(=) A %8 Bkt (Hardware-in-the-Loop Simulation) ................. 17
S R SRR SRR N RS 21

Gl I T -2 -] R 27

D T I /S - 29
T I 33
R -1 OO 33
(—) B DC-DCHEFH B % e 33

(5) B4 T HAREIRE & oo 37



#&

B Aok %
FART UKD A AE T A

TP o A BRT RGN E - PR YTAFTEEF R

RRF R G ANTREY NS BRSO R AP DS BT R R
SR ARELET U AERT S TRRILRATENT G S
T A oA EAKR T RPE BT R - Rl G

T
-3 4 BRPFREEIE - 2P T iy
‘? FETF i X E AR AR o R B L
AT ride T WS T W T B H BT e
ipd RARF ARPF LI TR R R R AP RN- B
BB M T R e d0 T B TP e S T L o Y
s fie T % SLeRliR A b T H 4 A2 B RSB T R
B A T R b E R T U RER L S NI 4p T &
Eie Rt dFe A E R A RaE 2 LAY s iGN T R
W ERTE R BAARERL T S o RHAARR e sre 7 AP B R K
1 R E AT R Ecy o A3t E @ % OPAL-RT Trpdiici= i B
Simulink #i£3]2& = 24 [ pFenficf kit A3 F R * L@
(LSTM) 27 40 3 sl e Blics v g B r v @
LT BAARER o R HAARE S @ % Python ¥ Solidity )4 = 3 m#£#%
(Ethereum Virtual Machine, EVM) B3 ¥ 38 % & 4 5 Ganache w 3
4T L F oo AFEZHARFL o

B4t W4l s B s A R B - AR e



Abstract

Renewable energy sources such as solar and wind energy are becoming more
common in the power grid. These sources can be produced from large-scale
farms or smaller generators found in households. This has led to the
decentralization of the power grid. While the traditional power grid relied on a
single large power producer, this new approach to energy production relies on
multiple smaller sources across the grid. Microgrids now became possible,
where a small community (area) can produce power on its own or even connect
to the main grid for buying or selling excess power. Trading between multiple
areas (microgrid) with distributed generators (DGs) however is a challenging
task, since there is not single supplier of electricity that manages the transactions.
Multiple transactions can happen throughout the day and the presence of
multiple sellers makes the process even more complex. Microgrids can also
connect to one another to form a networked microgrid, which provides even
more stability than a single microgrid. However, this also means that there are
more sellers and buyers within the system that have to be managed. This study
presents a blockchain-based energy management system to process transaction
within the system. A test case using the IEEE 33-bus system is modified and
separated into three microgrids is considered. These microgrids can operate
independently or can interconnect in a networked mode that can provide energy
support to each other. Digital twin models are created for the DGs in the system
and are used for verifying transaction in the blockchain network. Records in the
blockchain network include hourly readings within the system as well as system
disturbances such as faults. A 24-hour simulation is created using a Simulink
model running on an OPAL-RT digital simulator that runs in real-time. A
hardware-in-the-loop simulation using a long short-term memory (LSTM)
controller for a battery is designed to mitigate system faults and notify the
blockchain network of the event. The blockchain network is developed on an
Ethereum Virtual Machine (EVM) using Python and Solidity, deployed on a
private Ganache blockchain platform. This is a final report.

Keywords: Blockchain, Digital twin, Hardware-in-the-loop Simulation,

Microgrid
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/f SPDX-License-Identifier: MIT
pragma solidity *B.6.8;

contract DT_storage {
string json_file;
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json_file = json_file;
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function retrieve() public view returns (string memory) {
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