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ENERGY FOUNDATION
REFEES

TIANJIN 2014 SYMPOSIUM ON MICROGRIDS

Geneva Grand Hotel, Hexi District, Tianjin
Thursday & Friday, 13 & 14 November 2014

[ casual clothing strongly preferred )

Thursday 13 November: Maorning Session, Jin Hua {China Gold) Hall, 2F

08:30 - 09:00 registration, outside Jin Hua Hall, 2™ floor
. ) Zhipeng LIANG, National Energy Administration
W= Welcome to Tianjin
09:15 - 09:30 Chris MARNAY, Berkeley Lab (Co-Chair: Ben KROPOSKI, NREL)
£ ! Microgrid Symposium Tradition
Asia 1 - Chalrs:  Melgin MAO, Hefel U. of Tech., & Honghua XU, Chinese Academy of Sci.
09:30 - 09-50 Chengshan WANG, Tianjin U.
: 3 Economic Analysis and Palicy Proposals for lsland Microgrids in China
09:50 - 10:00 discussion

Haijin LI, Zhejiang University

10:00-10:20 (i iple Source Super Uninterruptible Power Supply

10:20 - 10:30 discussion

10:30 - 11:00 coffee served outside, then please take this time to view the posters

11:00-11:20 Liuchen CHANG, Guang Dong East Power ,
Economic Analysis and Optimal Design for Industrial Microgrids with PV

11:20 - 11:30 discussion

11130 -11:50 Xisheng TANG, Chinese Academy of Sclences

DC Microgrid R&D
11:50 - 12:00 discussion

NSFC [Bcmieier Lao}

E1 TTIANJIN 2014 Symposium on Microgrids ; & ers5:5F2(1/5)
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nEC ARUP

MelRok

ELECTRIC POWER
RESEARCH INSTITUTE

=PRI

Thursday 13 November: Afternoon Session

Asia 2 - Chairs:
13:30 - 13:50
13:50 - 14:00
14:00 - 14:20
14:20 - 14:30
14:30 - 14:50
14:50 - 15:00

back-up
15:00 - 15:30

15:30 - 16:00
Asla 3 - Chairs:

16:00 - 16:20
16:20- 16:30
16:30 - 16:50
16:50 - 17:00
17:00 - 17:20
17:20-17:30
17:30 - 17:50
17:50 - 18:00
back-up

NSFC

Alex CHONG, A*STAR & Se-Kyo CHUNG, Gyeongsang Not. U,
Nian LIU, North China Electric Power University
Heuristic Strategy for Commercial Blg. Microgrids Containing EVs and PV
discussion
Bo Hyung CHO, Seoul National University
K-MEG Project DC Distribution Microgrid Control System
discussion
Josep GUERRERO, Aalborg U., & Kal SUN, Tsinghua U,
Sino-Danish Microgrid Tech. Research & Demonstration
discussion
FengYan ZHANG, Xiamen U,
Distributed Solar DC Microgrid For Commercial Bulldings

group photo shoot, location will be announced

coffee served outside, then please take this time to view the posters
Ryoichi HARA, Hokkaido U. & Toshifume ISE, Dsaka U.

Raymond Yung Ruei CHANG, Institute of Nuclear Energy Research

Current Research Status of INER's Microgrid Technology

discussion

Hirchisa AKI, AIST

DemandS Side Resiliency with DER and Microgrids

discussion

Yuko HIRASE, Kawasaki Technology

Power Conditioner System with Virtual Synchronous Generator Control

discussion

Keilchi HIROSE, NTT Facilities

Experience of the Sendal Microgrid and the Next Challenge

discussion

Kumudhinl RAVINDRA, PRDC Infotech

Microgrids for Rural Electrification

E2 TTIANJIN 2014 Symposium on Microgrids ; [BF&@rs5:5F2(2/5)
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ENERGY FOUNDATIO
REREES

TIANJIN 2014 SYMPOSIUM ON MICROGRIDS

Geneva Grand Holel, Hexi District, Tianjin
Thursday & Friday, 13 & 14 November 2014

[ casual clothing strongly preferred |

Friday 14 November: Morning Session

Americas - Chairs: Farid KATIRAE!, Quanta Tech. & Reza IRAVANI, U. of Toronto
Ross GUTTROMSON, Guillermo JIMENEZ,

09:00 - 09:20 Hassan FARHANG!, & Dionizio PASCHOAREL!

Overview of Microgrid R&D in the Americas
09.20 -09:30 discussion

. Ross GUTTROMSON, Sandia Lab
Loachics ST Microgrids for Enhancing Resilience
09:50 - 10:00 discussion
10:00 - 10:20 nirm

Requirements for Advanced Micrognd Controllers
10:20 - 10:30 discussion

Judith CARDELL, Smith College
T Cogeneration & Sustainability at Smith College
Ben KROPOSKI, NREL
Microgrid Standards and Testing
10:30 - 11:00 break

Remote - Chairs: Guillermo Jimenez, U. of Chile & Xavier VALLVE, TTA

11:00 - 11:20 Bo ZHADO, Zhejiang Electric Power Co.

Nanyji Island Microgrid Demonstration
11:20 - 11:30 discussion
11:30 - 11:50 Jose Danlel LARA, U. of Waterloo

Robust Energy Management System for Isalated Microgrids
11:50 - 12:00 discussion

E3 T TIANJIN 2014 Symposium on Microgrids ; [ @rs5:5F2(3/5)
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NEC ARUP E‘:E' I ELECTRIC POWER @ MelRok

RESEARCH INSTITUTE

Friday 14 November; Afternoon Session

Remote Cont’d - Chairs: Guillermo JIMENEZ, U. of Chile & Xavier VALLVE, TTA
Xavier VALLVE, TTA

13:30-13:30°  pemonstration Rural Microgrids with PV in Chad
13:50 - 14:00 discussion
S Markson TANG, DLRE.

J00~2020. o b Ubliylsdac Project
14,20 - 14:30 discussion

S Guixiu JIANG, Guangzhou Institute of Energy Conversion

i Dong’Au Island Microgrid Demonstration

14:30 - 14:45 break

Europe - Chalrs: Mihaela ALBU, Bucharest Poly. & Nikos HATZIARGYRIOU, N.T.U.A,

G Plerluigi MANCARELLA, U, of Manchester
MBS =AM Business Cases for Microgrids
15:05 - 15:15 discussion

Alexandre OUDALOV, ABB

ot Microgrid Storage integration

15:35- 1545 discussion

15:45 - 16:05 Panaylotis MOUTIS, U. of Greenwich
; . Planned Community Residential Microgrids

16:05 - 16:15 discussion
Sk Jan VON APPEN, andlder
Smart PV Grid Integration
16:15 - 16:30 break

Panel Session: Standards Development
Chalrs:  Jim REILLY (Americas), Toshihisa FUNABASHI (Asla),
& Johan DRIESEN (Europe)
Panelists: Ben KROPOSKI, NREL
Michel KAMEL, Melrok
Farid KATIRAEL Quanta Technology
16:30 - 18:00 Gengfeng LI, Xi"an Jlaotong University
Guixiu JIANG, Guangzhou Inst. of Enrg. Con.
TsakFu WU, N.C.C.U.
Se-Kyo CHUNG, Gyeongsang Nat. U,
Hirohisa AKI, AIST
Mario PAOLONE, EPFL
Nikos HATZIARGYRIOU, N.T.U.A
Alexandre OUDALOV, ABS
18:00. 18:30  Chris. Farid, Hiroshi, Nikos, & Johan
Retrospective: the First Decade of Microgrid Symposiums

[E4 TTIANJIN 2014 Symposium on Microgrids ; [ &1z (4/5)
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Schedule Saturday | 15 Nov 2014
09:00-10:00  Bus departs Geneva Grand Hotel for the Eco-City
10:00-11:30  Tianjin Eco-City technical tour
11:30-13:30 "l.'unéh»‘on;yomzown.-
13:30-14:30 Tianjin University Smart Gnd Lab tour

14:30-16:00  Bus returns to Geneva Grand Hotel

Dinner on your own

E5 TTIANJIN 2014 Symposium on Microgrids ; [ @552 (5/5)
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2014 Tianjin Sympoium on Microgrids confirmed attendees

2014 Tianjin Sympoium on Microgrids confirmed attendees

NAME AFFILIATION NAME AFFILIATION
Alex Chong EPGC, A*STAR Lorenzo Reyes EPFL
Alexandre OQudalov ABB Switzerland Ltd. Man Wang The Energy Foundation
Amirhossein Sajadi Case Western U, Marc Rechter ENERGOPARK
Andrea Mammod University of New Mexico Maria Brucoll Arup
Benjamin Kroposki National Renewable Energy Lab Mario Paolone EPFL
B0 Hyung Cho Seoul Natlional University Mark McGranaghan PRl
Bo Zhao Zhejlang Elec. Power Test & Research Inst. Marksan Tang DLRE
Byeon Glisung KERI Meigin Mao Hefal University of Technology
Changhong Deng Wuhan University Miao Hong Sichuan University
Chengshan Wang Tianjin University Michael Hoff NEC
Chia Meng Hwee EPGC, A*STAR Michael Roach Microgrid Horizons
Chris Marmay Berkeley Lab Miche! Kamel MelRok
Chunyl Guo North China Electric Power University [Miky Albu Politehnica U, Bucharest
Darren Hammell Princeton Power Systems Min Sun Jiangxl Electric Power Resaarch Institute
Deng Changhong \Wuhan University Ming Ding Hefel University of Technology
Dionizio Paschoarell Junior  |Universidade Estadual Paulista Ming Wu State Grid
Dong Jun Won Inha university Natalle Samovich ENERGOPARK
Duo Luo XingYe Sofar Energy Technology Nicholaus Halecky MelRok
Farid Katiraei Quanta Technology

Fengyan (Wendy) Zhang

Xlamen University

Nikos Hatziargyriou

Nat.Tech, U. of Athens

Gengfeng L

Xl'an Rattong Unlversity

Panaglotis Moutls

Greenwich University

Gongalo Mendes

Technical University of Lisbon

Pekik Dahono

Institute of 7uchnoloqy Bandung

Gulllermo Jimenez

University of Chile

Peng Ul

Tianjin University

Perfulg! Mancarella

The University of Manchester

Ratnesh Sharma

NEC Laboratories America

Guixlu Jlang Chinese Academy of Sclences

Guoqing He China Electric Power Research Institute
Haibo Xu Guang Dong EAST Power

Haljin U Zhejlang University

Hassan Farhang) British Columbia Institute of Technology
He Weiguo China Electric Power Research Institute
Helen-Xing Huang ABB China

Hirohisa Akl AIST

Hiroshl Asano CRIEPT

Honghua Xu Institute of EE, Chinese Acad. of Scl.
Hslao-Yu Hu National Central Unlversity

Huiming Xlao

Jaeho Chol Chungbuk National University

Jan von Appen Fraunhofer

Jheng-Lun Jang INER

Jian Zhuang Tianlin EPRI of SGCC

Janhua Zhang North China Electric Power Univarsity
Jianmin Zhang Hangzhou Dianzi University

Janzhong Wu University of Cardiff

Jie Shu GIEC

Jim Rellly Rellly Assoclates

Jin Zhong Unlversity of Hong Kong

Jingtao Zhao NARI

Johan Driesen KU, Leuven

Jose Daniel Lara

University of Waterloo

Josep M. Guerrerno

Aalborg University

Juan C Vasquez

Aalborg University

Reza Iravani University of Toronto

Ross T Guttromson Sandia Natlonal Laboratory

Ryoichl Hara Hokkaldo University

Se-Kyo Chung Gyeongseng National University

Sheng LI

Shirong Uy Hangzhou Diani University

Shuichl Tahara NEC Corporation

Sicheng Wang Rational Development & Reform Commission
Stathis Tselepls CRES

Stella Wang Berkeley Lab

Suryanarayana Doolla [IT Bombay

Tian Zhe Tianjin Univ.

Toshifumi Ise Osaka University

Toshlhisa Funabashi Nagoya Unlversity

Tsal-Fu Wu National Chung Cheng University

Wel (Eric) Zeng Jlangxl Electric Power Research Institute
Wel Feng Berkeley Lab

Weisheng Wang China Blectric Power Research Institute
Xavier Vallvé Trama TecnoAmbiental (TTA)

Yan Xing Nanjing U. of Aeronautics and Astronautics
Yl Qin MicroGrid EMS Lab Shenzhén

Yibo Wang inst, of EE, Chinese Acad, of Scl,

YingRu Zhao Xiamen U,

Yongglang Zhao Energy Research Institute

Yue Yuan Hehal University

Yuko Hirase Kawasaki Technology Co., Ltd

Yun Liu Belling Sifang Automation Co. Ltd,
Yung-Rue! {(Raymond) Chang |INER

Zaijun Wu Southeast University

Zhe Chen Aalborg Unlversity

Zhipeng Uang

NDRC, Energy Bureau

Juan Cerva Fris Acros Training

Judith Cardell Smith Cotlege

Kal Sun Tsinghua University

Kenlchl Sakimoto Kawasak! Heavy Industries, Ltd.
Kiichiro Tsuli Osaka Unlversity

Kumudhinl Ravindra PRDC Infotech

Lecal Zeng Shanghai Electric R&D Center
Lel Huang Chinese Academy of Sclences
Liang Tao SIEMENS

Ungwel Zheng Hangzhou Dianzl Unlversity
Luchen Chang University of New Brunswick
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[&10 Y (Zhao Bo)HET TR FE S I BEAE /e THE M ¥t

Backgroud(1)

l .
g SN

1. ARES--ELll , MEEXE ., =8K
Bt SEA(HEE  ARBEE.

Nanji Island--a fairy mountain on the sea, serious

electricity shortage with few diesel generators

2, BEDJBEEERTRE | ARG —NE
ia. m. SRR RN —RERS
mEmrELE.

Based on the abundant renewable resources, a clean,
efficient, economical isolated grid is established-—-Nauji
Island microgrid demonstration project

3. BRESHENETFASRSHIRIFEN
RNRRETRE , BiNlaRHAsKE
MERS631TH "ENHILBIRMRIBMX
ERAHNE" REFARNREIEZ—.
With multiple distributed generations, Nanji microgrid is

one project of the national development program(863
program) taken by Zhejiang Power Grid, China

[E11 FEFES YR S 4

% UH



Integration of the microgrid(1)

lcroind on Nanji Island

BB M ESERL System structure of the m

Yk R @Bsolar generatloﬁ

660kW K ﬁﬁﬁ?ﬁ storage system
EIEE550kWp , S 4x500kW » 2hiBE ikt
special line lithium battery

HELESS © 110kWp , SETiE 2x500kW x 15si24R B B it

supercapacitor

T-connection

P
N
l
RARBwind SHNAEBL.7IMW
generation S diesel generator
10% 100kWﬂ<mHlﬁ wvmm 1% 500kW

4x300kW

lling statlon

‘ y~, N et

.A,uuf ».M?.x.».u-e—r 20 n,“"‘l?r-

[E12 FEFE S M ERLE S AR AL

Integration of the microgrid(5)

13 PR T RN SRR
%12 |



Integration of the microgrid(3)

= ——————— =
BEMBMNRERRITE System design

v EMEAER stand-alone

v SFRREN
multiple subsystems

v TIBERERERSHHAE
A4 Sintegration of
centralized and

distributed accesses

—t= v BISEFRREISEA

s e oy O filling stations of EVs
v BETHETIEHIEE

7 operation modes
[E14 FARE BT EAY 4 2008
Integration of the microgrid(4)

_—————————————————
EE(AER o] = WS35 E Main monitoring interface

[E15 FEFE S U ER4E LS I
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Key technology research(2)

B NIRE EFEEE Control structure

= .:." 0. %
.~ o000660 gl e L
:c“ e
| siiiaia coubhms waas
...... { S P Sl gy i

RHEIERI. hiEEE. REREIE=EISH44S hierarchical control
v nﬁﬂlscslssolﬁﬂiﬂm
v R—RISHIEES R 6. B. B2ESHEglobal information

sharing

[E16 RS M BRI R A A

Key technology research(1)

EE S AERE(TIECE Optimal configuration of storage system

5@ s
- B8 e
- TN T [R— : -
a N = —
1S \‘~ - e
. . ) N
= e -
=y - e
- I 8
Tk £
" mE——————
) A o Aad i a A a A s s s s adaad bt asiaaasa
P IS TOAINUSITINNITINIZINNIUNLOGS 135S TRUABTIATIITINRNIBRNLLOS
L33 &8 LLes B

ARSHESTREHRE , @AGFEUESHERRPNBESIRENZLER
ISR BERERRIET.

In cold days, surplus energy in storage system(SE) is abandoned due to low
load demand

FHRBIEERSEDETHS | MERRESHEEREERD , CRRKEBITRE
RERFISERRBIAIBRE , UBLERHAEERNBEGMERTETRR , I8N
fERER K E MAVERZ SR

In hot days, with high load demand, no extra renewable energy is available

for SE. So the storaie caiacii should be optimized based on the upper

17 ﬁ%%{* EASIRELE
4 H



EEAEE MFREEH Stability control

'y

'y

Key technology research(4)

v e EREE
voltage stability

v HEBRARREE
frequency stability

v EdRRREFNTE
SERERL iR
alleviating fluctuation of
renewable energy

v RREESIEH

emergency control

[E18 FEFEE M ERLE 2 SR ETEHITIRE

Conclusion

RS ERERRSRMSERBINEES  RESRUBEEES
HESFA

Hybrid storage system combined with EV filling stations,
taking full use of surplus renewable energy

RENSAMSANSETRAPTEINIR  EEREARSAE
RIS

Flexible structure with multiple microgrids and seamless
mode switching, increasing the power supply reliability
remarkably.

IR  SSRMEERBY , BiiA%. BRTESAEE
RERREAR |, BERRA—EFTHNSeERESTIREEEIS
Green energy, EVs, smart meters and user interaction
together forming an iconic clean-energy-integrated smart
island

.l ‘—_' v i ‘I_ z |

E19 FFEEMEEEERSE DERVBENE
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(2) KEg— KBS EEEEB =TT

RE LSS (U EE AL 5 AT FH R B2 sk L1 (Cheng-Shan Wang) 52 41 T
R (] 20) - RE WS ACFYREPIHERR TS EEEREBET A MNE 39 A EEH—
5(E 21) - & E ALY 300 A > EEGHESCHZEMKLE - HHEEFRENRA ]
SEFERAVIERE - 3% 1 A# - KR 70 LR ER S FE s A R HEE RS LSS ¥Re I
B RE LR THEMERREE L NE SR B AE LS AR S B FRS
BT AR A - EISEE RIS - KGR E - SNSRI EERE R
FiE > TRMICE 3.86 (RARNE > DUFABEEAVILERE - REIEZLUAEHBDLE
Rt MRS S A2 10 H - IR A &SR - SR EHEE K 810 kW((E
22) > JRETTRZ BV EBEBLRPSRERTAL - KIGRERELL 5-10 HARRAVEESR - BT
EHRIEEFAYFRK > ME IS EASLRGRE O > X FREERAK - 45 E 850 kW
P25 B A% ~ 200 KW B KFZRESEEE ~ B8y 2,000 KWh ~ f5E %40 5 1,000 KW
SRS R W & 500 KW Tl 2 ReE AR £ 1,700 B AR (278 E=oT)(E 23 =
24) M LAERCE N #Ef TR AR RETR B e A TN (8] 25) 0 Jeaseat 8 Azl st (] 26) -
FDARTACERE T TR FEL OB IR AT LR » 1ot He g e 25 £ ([
27 Z[E 29) - St R R EA R E T P THE) - DR R EE AR A (]
30) - LIKE I SBES RN RB - FEEREEERARTL 7-8 STl [El - #erE s [
HEITRCAE (R 31 ZEfE 32) -

[E20 F-pk111(Cheng-Shan Wang)# s e TR & LS, il SR AR s o3 M R e
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Overview Q

Dawanshan Island

1 ® Located to the southeast of Xiangzhou
(38km), Zhuhai, Guangdong, China

€ The area of the island is 8.1 km<, and
the population is 300.

€ Main industries: fishing and tourism

€ Relied on diesel generation with high
cost and low reliability

Dawanshan
Island

Tianjin 2014 Symposium on Microgrids
[E21 RE LS E

Resources & Demand ﬁ

Load Demand

€ Mainly at: Wanshan, southwest
and northwest of the island

€ Load changes with tourism:
High-season: May — Oct;
Low-season: Jan-April, Nov-Dem

€ Peak load: 810kW; 59% of load
is 200kW-400kW

Average wind speed: 6.89 m/s ~ 7.58 m/s at the height 10m - 70m
Abundant Average wind power density: 426.1 W/m? ~ 444.3 W/m?
Average wind speed. Winter > Summer

Sol Average annual solar radiation: 4996.25 MJ/m?
ar
Medium Typical year solar radiation. 4975 MJ/m?
Resource
Solar radiation is high from May to October

Tianjin 2014 Symposium on Microgrids
B22 KE LS EHEFEK

F 1T H

Wind
Resource




System Design

Objective Function:

=] :
Diesel generator

Constraints: System Structure of Dawanshan Microgrid
Device | Range/Alternatives Considerations
DE 1X1000kW / 2X500kW Load Level
WT 1 X 850kW Cost & Tech Readiness Level, Peak Load 810kW
PV < 200kWp Local Environment; Roof Space
ESS 2000kWh ~ 5000kWh Consider the Worst Situation

Tianjin 2014 Symposium on Microgrids

EPA NI G EERS

Design Results

Sizing Plan Initial Investment

Device Cost (USD)

Wind
Generators

Device Resuits

Wind
Generators

1% 850kW 1,400,000

PV Arrays 325,000
PV Arrays 200kWp :
L) 130,000
Lead-Acid Generators x
Battery 2000kWh Battery &
BMS 600,000
PCS 1000kW pCS 325.000
ene 2X 500kW Total 2,780,000

Generators

Tianjin 2014 Symposium on Microgrids
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Resource/Load Data

Solar/'Wind/Load Data:

8 %

2

According to the solar and wind

wind speed (mis)
-1

resources of Dawanshan Island,

.-
“w o

data needed in the optimization

o

4001 5001 6001 7001 8001

1 1001 01 3001
model was generated by HOMER. . i
N Forecast Results of Wind Speed
200 12+
" 2
00 E 14
~ =
e “os
-~ S00 + é'
E 00 '506
300 ¥
300 —gﬂl
r
we 02
e e
1 1001 2008 300f 400X S00F S001 YO0 soot o
M 1 1001 2001 3001 4001 5001 6001 7001 80O

tume (h)
Forecast Results of Solar Radiation

Tianjin 2014 Symposium on Microgrids
[&25 RE IS 2 FA R B S TEH

Control Strategies

Load Forecast Results

Load Following Strategy

€ Use WT/PV/ESS first, and take ESS
as main power Source;

€ When WT+PV+ESS > Load, ESS
would be charged by WT/PV,

€ When WT+PV+ESS < Load, DE
would be started to supply load along
with ESS;

€ When WT+PV > Load, DE would be
shut down, and load would be
supplied by WT/PV/ESS.

Flow Chart of Load Following Strategy
Tianjin 2014 Symposium on Microgrids
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Operation Evaluation

[ w
Generation of All Power Sources

WT 1427 53.35 1680

Load
kW)

s » 8 5 8 R 8 K 8

001 RIAZ 0297 AFNA 0405 OO OFQT 0708 OF0S Q01D

DE 1098 41.05 \

SOC Statistics of ESS of One Year

X L0 NV

€ SOC of batteries was set within
) [0.5, 0.9]. Therefore, SOC was
- kept above 0.8 during 37.35%

time of the year to improve the

AN . WA AR MY UM LY A w. OCT. MOV, BeC

e power reliability especially when
GeteraRiGN OEROwer BOUNGEE i & Veer there is fault for diesel generators.

Tianjin 2014 Symposium on Microgrids
[&27 KE S BT (1/2)

Operation Evaluation @

Annual Renewable Energy € In summer, load level is high but
Abandoned wind resource is poor. Therefore
_Energy diesel generator is used a lot in

Device w summer.
Load T 694 32.72 * Ir'{ winter, load l.evel is low but
wind resource is abundant.
(810 " - Therefore excess wind energy is
kW) PV 72 3243 abandoned a lot in winter.
> 104 kWh

JAN. FEB, MAR. ARR. MAY JUNE JuLy AUG. SEP. ocT. NOV. DEC.

{ " wind power aboandoned PV power abandonod I

Kenewapie energy Apanaonea vuring tne year

Tianjin 2014 Symposium on Microgrids
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Economic Evaluation

indices
Project Cycle year

Initial Investment UsSD 2,780,000 560,000
Discount Rate % 8
s Annual Income
Capital Ratio \ 0.3/0.7 Annual Net

usD 290,000

Income
Results

Net Present Value

Lifetime of ESS year 6.33 of Total Income ~ USD  -200,000
Times of ESS s
Replacement time 3 Internal Rate of % 5925
Return *
Times of DE1 ti 4
Replacement me
Times of DE2 ; Payback Period year >25
Replacement time 0

Tianjin 2014 Symposium on Microgrids

[E29 K& IS Z B SEm il

Economic Analysis

Economic Analysis:

€ Only the replacement of batteries and diesel generators were considered.
The replacement of wind turbines and PV arrays were not considered.

€ The internal rate of return of this project is low, and the cost cannot be
recovered in the project cycle. Therefore, this example cannot commercially
operate without subsidies from the government.

€ For islanded microgrid, central government should offer the initial investment.
Subsidies can be provided through appealing electricity price for long-term
operation of microgrid.

Tianjin 2014 Symposium on Microgrids
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Policy Proposal

For Dawanshan Case:

€ Subsidy Principles: With subsidies, the internal rate of return should be
no less than 8%, and years of investment recovery should be around 7 to
8 years. According to this principle, subsidy regulation and level can be
made.

€ Subsidies can be provided in forms of initial investment or electricity price.
€ Subsidy Level:

’ Initial Investment Electricity Price

Subsidy Level 70% of initial investment 0.065 USD/kKkWh

m.a'-‘lh n;:;;;::)'“’“ 29.3% 26.3%

Yi f investment
Recovery (With subsiaies) IRNRLE Lty R34 yours

Subsidy Period \ 10 years

Tianjin 2014 Symposium on Microgrids
[E31 RELLSHEELE 4 2 fBh i (1/2)

Policy Proposal

For Future Development of Island Microgrid in China:

€ Provide subsidies for initial investment of island microgrid

€ Provide subsidies for electricity price of areas supplied by island
microgrid

€ Encourage more stakeholders to participate in the construction
and operation of island microgrid

€ Provide integrated energy service to satisfy users’ demand for
electricity, heating and cooling, to improve the energy efficiency.

€ Offer subsidies to device manufacturers, especially to those who
produce wind turbines and batteries of medium/small capacity

Tianjin 2014 Symposium on Microgrids
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(3) Kz —RERRMEBEHREILE

R R AR R AR RRITSE by i & (Lei Huang) T 4 (8 33) >
SO R PR R RS KPR ROT A I TR » ISR SRR T 50 KW R
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* Geographic

location
* Resources

* Power supply
Wind: 50kW
PV: IMW
Diesel: 1000kW
Storage:

lead-acid battery:
1500kWh

ice machine:

100kW

5% % {% 5% o
‘ ., Dongao island microgrid

[' Wind torbenes
Bamary 1000kWE  Divsal tarbses INW : AW main wiring diagram

Page 13
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Page §

Sub-microgrid in culture center

M‘y - SNL_ B - e Wm‘
protection [ Research topic 3 bi-directional
converter
B L.
Remote real- y monitoring,
Hme momntor control and
and control Power management
system quality
assessment

[E36 BRI S EELEhT TR

Dong’ao island microgrid canst‘m tio

Pt

~integrated inverters: 10kVAsS
—integrated inverters: 30KVA®S
battery: 2V/1000Ah#240
ional converter: 250kVA
| em connected directly to inner bus

PV system in multifunctional building

[E37 HREE BIPV
%25 H



?‘ PV module design
| south facing, inclination angles of 25°
it ; | Voltage of PV string
widh Infegrated design | within MPPT of inverter
400V /10kV i

Shading analysis

* Amorphous and polyerystalline silicon

photovoltaic cell * Each technical index meets design

i t
* Connected directly o 10KV power requremen

* . . . - 1
rransmission line through inverter Remote control function

Page 8

El38 HME, PV

# Located on the top of a hill
# connected to a low-voltage AC bus

e ¢ -‘ *50kW wind power generation(five 10kW wind turbines)
)4
|

*AC-DC-AC inverter
# three phase integrated method
# remote monitoring and control

Grd-connected inv

Page 10
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Dong’ao island microgrid constr

to grid

» Without automatic strengthen ventilation—

gulation—Ilow powe: t betw:

- = e 5 LI e 1000kW diesel generation units
quality 75%~80% of rated power

* Low efficiency—diesel RacHIaNe
consumption * Higher efficiency—diesel
371g/kWh consumption 264g/kWh

Page 12
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Dong’ao island microgrid en:

(ﬁhnagtmcm stmttg_v)

Energy %OWCI flow calculanon )

de d and starage sy Start
'/fmdl.m:h-nmmb-g-nndbgnly

management for e
‘s . = and PV
decision makmg Generation source conuol)
Electronic device L <Paind+ -
for execution t : )
Storage device management *

tLoad management ) v X

TAMAEREERYAN R
Tam A RmR A AN WL b

e s T 3
ARAR & e am yrtemn
L R R o o clage
pbvps >
S SIT S ) Charging storage sy

L \ P aaa. VR Conmalable o ad”

- _k L -~ -

- N Y

-'.. o T8 T8 15 08 S8 '8 15 T S5 6 TS S5 55 06 056 T8 T8 U Au RE Be B Connol ﬂowchuto(mmogndmanagennnMdmdz

Page 15
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®

* Load management
» Generation and load balance

» Load forecast

* Generation management
» PV generation forecast

7 Statistic method (with or without
numerous weather predictions)

» Local forecast

*Renewable energy generation monthly
penetration in 2012

# Every month was more than 50%
» Up to 90%

» Average was more than 70%

Page 16

Dong’ao island microgrid

:' ; l—m—m_{r_]
|
2 ol '
E ©
& wf
£ f , /
30 |
sof l'\ !
b (B
l: . o Aﬁ (:

bl i} 4

Time'day
Hourly day-ahead forecast of PV generation

HEERBEES
§3333353
B —

ERLE] - e—

pueld]]

[E42 B S A AE RS B A0 (2/2)

* Topology
* Control strategy

» Base on DSP controller TMS320F28335

7 Phase-locked control
» Voltage waveform control
*Characteristics

» Working at rectification and inverter
circuit

» Topology

» Adapt to balance /unbalance and
Linear/nonlinear load

7 Good waveform of voltage and current
» Easy to realize

» Efficiency above 95%

# Capacity : 100kW, 500KW

Page 17
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*Real-time monirtor

» Ethernet, GPRS

7 Key parameters
*Operation status analysis

*Fault detection, alert and
Emergency measures

\=
£ 1]

Micrognd scheduling and control sysrem

,J ZK2012 developed in this project
- A microgrid intelligent scheduling and control
system
# Real-time monitor and control
~ Friendly interface, easy to maintain, convenient
to extend, independent of hardware platform
and easy configuration

[E44 RS (W EE 4= Im RIS a2 5470 (1/2)

Real-time remote monitoring and coi

2 Svarem o : '
| Operator station, maintenance ' m " —
o engineer " ,
!
." 1 \ S}'g 7
SCADA ; ‘
maintenance !
 server ZK2012 anginess
5
Satellite clock 6 communicaton
| synchromization  Nerwork interface
equipment -
&
[T =
EEEET) T SESETETST -
R s e RERERE —
L L ol
L.
wunan S o
BEFE A W oazasog | ,ﬁ -
REs2i ofa] wernl 3
i L5

WY v T '?" AN AWY 1a™
&4 Zhs TRe NS ERe| 2SS 18

=x]
o= y .
Manual control interface  Query interface of Real-time data

Real-time monitor interface

Page 19
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(4) Fring — SWE M EEARRS

SR E M ES R e Daily Life Renewable Energy Pte. Ltd(DLRE)AY Markson
Tang JE{TREH(E 46) - SHUS MBS H— 240 V i NEBE L4 49 100 kWp K
[ZEE288E ~ 1,000 KkWh #5E %% ~ 6 & 40 kVA By Hybrid Variable-Speed Generators » 2
EESEEER SRS ENMERTAE 47 Frr - SEERE—TEERER Jetty Area
B (E 48) > WSER ARt RY (18 49 ZE 50) > DL IEREIE ~ #ivKEH
B ot 2013 47 10 A SHUEAYY 30 AN ELEEn - HE 255 (F H B n SEy (e -
I 2014 = 10 H SIS M BB IE AT RNVt EECRE  E =TT
FERERY - EFEH A BLRRREIEENE - IR ZEIEECKE > BT EETH
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gD LK N Before the Micro Grid

renewable energy solutions

Electricity Supply Situation on Pulau Ubin

Diesel
PV panels £ & at

14| ceoee @ Individual Diesel |

[E47 (ERASEE R SRS ETIHEET
&L # D L R E

renewable energy solutions

Daily Life Renewable Energy as the operator brought the latest power generation and
Micro Grid Technology to light up the island with solar panels and extra fuel efficient
variable speed generators.

[E48 55— SIS Jetty Area FE I EELE
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renewable energy solutions

Solar energy produced during the day are charged into

the battery bank. pUlaU Ubin

Hours of electricity
usage was
supported from the
battery bank during
night time, for
residents to enjoy
the quietness
without darkness.

B49 S AL BT (L2)
&L M D L R E

renewable energy solutions The solar energy generated is also used to maintain the

necessary connections for the residents and visitors, as the
Telecommunication Towers and phone lines are supported by
the Micro Grid.

Pulau Ubin

The Police Station,
the street lights at
the ferry pier, the
water pumped from
the wells for the
washrooms, are all
powered by the
Micro Grid now.

BI50 SE 2 A LT (2/2)
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(1) BB EEHE N Hoboken fEEHE A4

E BT EZBLEEPG ) Hoboken f#Z549 4% 2 H1 Sandia National Laboratory
iy Ross Guttromson 17 {5 (& 54) » & ILHEI TR ERAETERY /48 - [B 55 FyHiss
EHAESEE Y OE(Office of Electricity Delivery and Energy Reliability) ~ FEMP(Federal
Energy Management Program)&d DOD 1 TNV EEAEE & 70 AflEl - A$ZH SPIDERS
=12 (Smart Power Infrastructure Demonstration for Energy, Reliability, and Security)([&]
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[E154 Ross Guttromson #1755 i BB 4 5125 BT = PE ) Hoboken T BB 48 £ 47 i

Selected Energy Surety Microgrid Projects
(Funded by DOE OE, DOE FEMP, and DoD)

DOE and DOD jointly fund Sandia National Laboratory to work with military bases
to develop energy surety microgrid conceptual designs

Conceptual
Designs/Assessments

Small Scale
Microgrid Demos

Large Scale
Microgrid Demos

Operational
Prototypes

DOE OE/PIDC

* Camp Smith - FY10, DOE
FEMP

* West Point FY12, DoD/DOE

* Indian Head NWC - FY09, DOE
OE/DoD

* Ft. Sill - FY08, Sandia LDRD

* Ft. Bliss — FY10, DOE FEMP

* Ft, Carson - FY10, DOE FEMP

* FL. Devens (99" ANG) -~ FY09,
DOE OE/DoD

* FL. Belvoir - FY09 DOE
OE/FEMP

* Cannon AFB - FY11, DOE
OE/DoD

* Vandenberg AFB - FY11, DOE
FEMP

* Kirtland AFB ~ FY10, DOE
OE/DoD

* Maxwell AFB - FY09, DoD/DOE

* Philadelphia Navy Yard - FY11, | * Maxwell AFB - FY09,

* Ft. Sill - FY09, DoD w/

DoD

SNL ser
advisor

* SPIDERS JCTD -
FY11, DOE/DoD

* Camp Smith

* H.R. 5136 National

Defense Authornization
Act

Michigan S~

[E55 S5l FEE ARt /3 11lEl (=2 DOE = DOD ##iBh)
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Smart Power Infrastructure Demonstration for Energy,
Reliability, and Security (SPIDERS)

= SPIDERS is building three microgrids, each with increasing
capability, which will function as permanent energy systems
for their sites
— Site 1 (Joint Base Pearl| Harbor Hickam) is complete
— Site 2 (Fort Carson) is complete
— Site 3 (Camp Smith): completed preliminary design, demo in FY15

* The project will promote adoption of microgrid technology for
DoD through: : -

— Design and requirements methodology =8

— Cyber security architecture

[E156 kK SPIDERS (¥ E4g:T=

State Partnerships Supporting the CAP Strategy

(Rebuilding and Learning From Hurricane Sandy Memo)

NJ TransitGrid Project

=  Microgrid to enhance grid-rail resiliency to
serve over 900,000 riders/day

=  Key evacuation service for Manhattan &
N. New Jersey

= MOU between DOE and State of NJ

= Completed the feasibility study of a microgrid
to fortify the public transportation network

Hoboken ESDM Project

* Provide electrical power to support critical
functions up to 7 days for 52,000 residents in
1.2 sq. mi.

* Key evacuation route for Manhattan

* DOE-Hoboken-BPU-Sandia-PSEG Partnership

* Completed a microgrid conceptual design for
Hoboken, NJ, to enhance system resilience
post-Sandy

[&57 NJ TransitGrid £ Hoboken ESDM zt2&
%37 H



Summary of Microgrid Value Attributes

Microgrid Enhanced
Distribution

Attributes DOE Goals

Increase efficiency of the

—{ Ease of CHP application ]

.

electric delivery system
through reduced energy

losses.

Supports increase of renewables—
firms intermittent resources

Reduce peak price and price

Arbitrage of energy price volatility of electricity

—
differentials Efszs_tem increased asset utilization
ien
- J i and provide accessibility to
- 2 a variety of fuel sources

Enhance G&T by use of
— plug-and-play DER

Strengthen grid stability
for peak shaving enginen g a y

and reduce the frequency
Reliability and duration of operational
disturbances

r~ a

Enhance reliability with intentional
islanding

—{ High local reliability J

Energy during outages and
emergency conditions

The energy infrastruct:
hardened to detect, prevent
and mitigate external
disruptions to the energy

Resiliency &

Security

sector

[E58 W ERLEHIEE B

Resilience versus Reliability ) =

Separating reliability and resilience is important

+ Reliabllity is compulsory
Reliabllity is related to rate recovery
Adoption of resilience metrics will be easier if reliability definitions remain as-is

Reliability

High Probability, Low Consequence Low Probability, High Consequence
(SAIDI/SAIFI exclude storm data)

Not risk based Risk Based, includes:
Threat (you are resilient to
something)

System Vulnerability (~reliability)
Consequence (beyond the system)

Operationally, You are reliable, or you Resilience is a continuum, confidence

are not [0 1]. Confidence is is specified

unspecified

Focus is on the measuring impact to Focus is on measuring impact to
the system humans

E59 18 J7(Resilience) &l n] [ (Reliability)fy EL#:
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Superstorm Sandy
October, 2012

_Sat Oct 27 2012 03:54 PM EDT

[#60 2012 4% 10 F3 i (Sandy) BTE > 6 [

Impact of Superstorm Sandy () .

= Superstorm Sandy caused major disruption to critical
infrastructure in NY & NJ

* |Impact to economy
and cost of repairs
are in the SBillions

= Re-build efforts emphasize
resilience

P . o
City of Hoboken, New Jersey

[E61 itz (Sandy) B\ Sk 2 72
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v

Flood Maps for Hoboken @

FEMA 100 Year Flood + 2.5 Feet

Business Sensitive

[&62 i (Sandy) e 4 5k Hoboken & 7K fy [

Hoboken Performance Objectives @,

= Supply electric power to facilities during a blackout and/or a
flooding condition at 19.5 feet above MSL.

= Microgrid must be able to supply power continuously for 7
days.

= Microgrid will be isolated from the utility when operating
= PV and CHP will operate continuously

= Ability to withstand loss of largest generator without loss of
load in individual building or microgrids forming clusters of
buildings

[E163 Hoboken i EE 4~ 4553 H 1
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Hoboken Microgrid Solution @
Dual Microgrid Topology, 54 Buildings

"

.~-,

LN y uoRnpPs San

Q"AL. P

I
“839
g
¢
f

[E64 Hoboken #E{H B A PR BEL

Facility Connections () .

PSEG (UTILITY) EXISTING MEDIUM VOLTAGE FEEDER

NEW CONCEFTUAL MICROGRID MEDIUM VOLTAGE FEEDER .
NEW | NEW
Manhole Manhole
|
Yn:ss':?mu b lrur::;:mu m 'n::l:" !u:s:rr’mu

PSEG Paralleling ‘
METER Switchgear ' th I
k- o Q | 'an
ATS \‘ e po—— ATS L

BUILDING SERVICE ‘ BUILDING SERVICE

ENTRANCE PANEL ‘P @ ENTRANCE PANEL
P PP DD NEW B

Ty

2 P
|

| T i cENERATOR Il !
Building A Loads Bullding B Loads
Bullding A Loads Bullding B Loads

[&65 Hoboken & 4g 7 7t
%41 H



NJ TransitGrid . e s o
e Eficiont Dmtrbuted Rosources

AR

Port Authority of NY and NJ ! ‘ \___

Ferry Operations Facilities and Other Cntical Facilities and Bua
(NJ Side) Large Passenger Stations Small Passanger Stations Garages

— VYT

[E66 NJ TransitGrid {{ZE 44 240~ =&

@
Secaucus
Terminal [5)
o 339 st
o]
@ Newark Broad <)
St. Station ¢}
Utility
— \
..._........j \\ b)
Wason |
- * -
)
® ® o wWTC
o Journal ¢
Penn Station e

[E67 NJ TransitGrid {52548 47t (ERERT)
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ey
o { 00,
Secaucus ,
Terminal K3 B i ()
\ i
\
X 334 st
\ . I
New N\ i
) Newark Broad Generation \ ’
St. Station It is not feasible 1o cost- Faciliny \\\ . i
effectively cross the © U!ility N\ i 13KV
Passaic River with new e : —y= N\
\ feaders i [y - 5 .i\\
ok | l< M. A
\— 1. . ¢ - {Hoboken
/ i 53
2T kV
e & wTC
- e ——

Newark

Penn Station

[&68 NJ TransitGrid £l EE 4 247t (A& %)

(2) Hr T ENZ P EAETTESIR

AL T M B4 B E R AR EERY Guillermo Jiménez Estévez (T
AR (E 69) - /radf T M HEE SR - AE 70 For - DEURSETAE ZiE
WEN > & TRMEARAEH > BfF 12 @il E1 Tl EREe b2 (8 71) - 8%
FEWINT 3 5 » HIRHEHIA 2 79 il &3 1 AN EE4E (8] 72) - AR Ay
Huatacondo TEAE{THREELENVHIE - HATCRHSE LR/ A ~ SEREE 240 - T EiEs
KB LA B - AIE 73 ZE 76 Fr o HAE{ T E A RIE D) B
v WIE 77 FE 79 PR o BRSNS > L T SEMNAVMERERNE R ERE] - M E AR
P A RE S RE BRI 7 I ) 2 P Y PR
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[E69 Guillermo Jiménez Estévez #1771 LM~ U BB A MH 28 TR i

Microgrids opportunities in the region

Electricity _
coverage

Electricity Coverage in Latin America

4.0
3.0
2.0
I 1.0
0
PP D PP P D P DD DS D P A P AP
(-'d e”“A o :»-?'(fa‘ o 6“(‘ «;’& A{‘r & TP (-"J!‘ c?'bf-.‘* \“'A_:"' L -°" X 7 &
& & g o E F F & v Vb ¥ o Sl
&y . o kS & o o+ &
> s e § 3 re
s o > --“
£ F & o
- g & o
S tlectrefication rate (%) ——ropulation without electricity [millicons)

70 1 TSN R E SR
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Microgrids opportunities in the region
Some Microgrid developments in LA

Puertecitos,
Under execution ’
Silice Project
Baja Califonia, MX Pilot application

Bogota, CO

Puerto Alcatraz, San
Juanico
Operative Lencdis island
Baja Califonia, MX Operative
Maranhao, BR
Esmeraldas
Operative
Esmeraldas, EC P '::omig atnges
ot application
fluseoo Belo Horizonte, BR
Operative 5
Tarapaca, CH
Trinidad island
Ollagiie Feasibility
Under execution Rio State, BR
Antofagasta, CH
Islas Desertores
Juan Ferndndez Under execution
Design stage Chiloé, CH
. Fernandez, CH
El Toqui / - X
T Operative \ 7
: fdm Aysén, CH "

71 1T M T EE R S A

Microgrids opportunities in the region

Chile: Number of feasible isolated MG opportunities
42

Total = 79 locations

15

:
sl i §||
MG oim :

(72 I & S e A G B A B R
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Control software / Huatacondo

.NET application-> “Operacion Huatacondo”

CONTROL UMOADES | CONTAOL RED | CONTIIOL PANELES | MISTORCD | EXTACORA | CONFEG. 40TROS

[&73 Huatacondo {5 BE 4B 251

s

Control software /H uatacondo

EMS Software

T N Ot
Bone @0 997 “wm—
S M .

B O bt O 4 Pt
s e e

Cabrass O w— 8 ——
A e T2 Tomtd M 3§

P b w1 3 .l .

General configuration:

DBs

Optimization parameters
DSM parameters

BESS configuration:
Load curve
Pmax, Cap (Ah), Efficiency

GenSet configuration:

Consumption curve
Pmax, Pmin

Star-up costs, Diesel
Operational constraints
Diesel fuel storage

& 74 Huatacondo MY EEAERE IR E T 247
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Micro-formers /

//
. Low voltage tranamission
‘g beoese
I I :
TTINC T 0
Lolic e e "
Ep i From Cenm Quait ‘»7-
I I . Enay o bak * Eapenaive, Nk copper whie
* NS LA RO 8 Neated + Mgn detrihten Sases, ST Ceat M
I I * Consumers ond protonors oiiuionsy
ey G oo et * 100 meter rangs oy, of of
Pnmano Secundario LG

Microformer transmission

; g
— .
= T _T7T 71
s .
s e

W W Avewa.
e

Praa

Com o g ~.‘1-‘;-\-':,.
* Euny, hrmacnnt ooealr ot « Nodest as of My, »
Consumers ana oore .
- it _.""‘ 110 0 wen rorge Ot é)
. .'Ln:"ml_l,nw-p Cﬂhlﬂw“’

——— _4/23

[B75 B1ThHE > U ERES
Electric Vehicle /

876 H{THI% 2 EHH
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Control software _“Huatacondo
Transitions: GenSet On/Off

Crago Ranco Uidades NO Crupo Banmo Unadacies NO
ST — [rmeved Dinpaciudika Ve ograns fraeved Diexpescualiles

% =

l leu de Convens
Husteundo

GenSet off GenSet on

GenSet controls

BESS controls
ffrequency and control,
frequency and voltage. | BSSS isydispatched.
-
@77 (R EEEE R YRR E
Control software “Huatacondo
Transitions —> GenSet goes on
Frequency and active power Voltage and reactive power
5 :: ; }, : ' e ol
£ o J [... ) S =T
é il ‘ i ¥ WJL,’UL guw f,/J’
& “u._vm,\-wf\_,n.—\,.mr'ww_,f{ |l % :: L’_°__W"‘—““"—'\ ]Jf
a m = % 3 w0 ® = 3 x g o ® = % W @ ) © %
Tereo (v) Tiameo (x)
- i et B Y * B
£ = | =
i B I
i y i -
“a SR o [ ® % v ® » P w ®n ®
Inv, Maestro Inv. Esclavo Inv. Maestro Inv, Esclavo
GenSet OFF o GenSet Maestro GenSet OFF GenSet Maestro
ﬁo §§
N
& ﬁi}’
& P
of (’é\ 41

(78 il FE A AR U O
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Control software " Huatacondo |

Operation
Day: 2014-07-11
= 30 [ —— Genset Eolico PVs ——— INV-BAT Doa |
: Lize T
= b e ¥
> T——
L .
© )
- ]
- .
[ =)
< /] '
'_/
. ' '
. i - i 4 - 4 a i L - i 4 - 4 - - - - i 4 1
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2D 21 22 23 24
Time hrs.| H H
. .
: '
. '
. ;
. SoC : :
Bateries P> p 100% —————— > 20% > 80% > 50% >
A Discharge Charge Discharge Charge

19

[E79 Huatacondo [y B8 4 2 HfEd,

3. HAHhE :
(1) HEIEM —Chad KESEEMEBLEREISIR

diJE Chad K5 CEMEEA &S e Trama TecnoAmbiental(TTA)RY Xavier
Vallve T (El 80) - TTA FHETY 2012 44 2015 A [/L 5 EFEEILMEN - H
AL 2014 4 6 H5gEk Chad (Y Mombou 7% 2 il B s - ZATE BB RIEE1%
sl 81) - TRfG A ENIE 82 » ZIMEM AR AR AKX - HegstEAIE 83 £[E
85 Fim o EEESTCHCKIZEE ~ Bt - SUiEs SR (18 86 ZE 87) - HIgpkiz
Z &k~ AR SOC dhérdlE 88 Ak » & KA KI5AERE HEM SOC
PEAT 100 %M - RIZHICERARERAVEER » DU BB e AV - HAEHIEED
ARV - TS RSN B AR T (B 89) - TTA MEEHEE Y EEAYE
AT KAV -
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&80 Xavier Vallvé #17 Chad K5 ¢ B E A ~aassik il

Mombou: the village

» Remote in semiarid climate

~ 800 people and an additional 200 from hamlets nearby, main income generating activity is
cattle

» 135 buildings (129 connected), school, medical centre, mosque, small shops

- several small shops, water pumps for vegetable gardening

~ Deferrable load: water pumping for irrigation

~ PV electricity since June 2014

[&81 Chad Y Mombou #f3% &1
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20.000

17.500 -

Needs Assessment

Estimated Load profile - Dry season (October - June)

15.000 -
512.500 |

§ 10.000 -

o

o 7.500 -
5.000 -

2.500 -
0 llll-llnl

Dl

0:00 2:00 4:00 6:00 8:00 1000 12:00 1400 16:00 18:00 20:00 22:00

[&82 Chad f/J Mombou 3% > JE{L & & &

Electrical diagram

r

;- OC 1 DC converter

Masn PV generator

MPPT PV charpe controlles

Dual mode inverter
DC-DC and DC-AC Conversion

583 Mombou #3% Y i B8 48 BE 4 [
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Distribution

grid layout

Mombou, Chad

Technical Specifications Mombou

e

Reseau de distribution

[T T

Ancawes,

B et L Vit

-

[&84 Mombou /3% 2~ 7T 5 EE IR IC B

1
- 1
_— - em —[—
B A TN S S A O AR W el N
O O & TRy M
e At -
=
T - - -
e el
——— —_— . 3| n

N

O Price sagnail broadcast Frequency
Owrer UNIDO / MEP Type of data Energy, voitage, temperature, radiation , etc
Lontractoc and Operator TTA and Loca! Association
Electrical serice 24 hfcay, 230 V/A0OV three-phase N
Number of wser connections 129 (135 potential}
Public street k yes Mode! CIRCUTOR Electricity Dispenser 8i1
Type of tanft Energy Dally Azowance (EDA) Energy Dady (EDA} config
Demand growth fector I % - l
Rated Average Solar Daily Yield 1408 kWh/day - 5,51 HPS Type of lamp 35 WLEDsand 23 W CFL
PV & R - - Number of lamp 17 {11 poles ana 6 wall)
Total PV capacity (STC) 35 600 kWp s 3
Type of PV module / capacity STC | polycrystalline / 240 W, Type of cabie Alumirium XPLE
Brand and Model RECIL0PE Length of line 10200 m
Number of BV mocule 165 Type of distributon Underground
InCInation / orentaton 108/ 42525
GENSEY -
Brand and Model FG Weson PS0-1
Nominal power 50 &VA
‘ SV TTre————
Technology Lead acd deep cyche OPS
Hoppecke 24 OF2S 3000 rated at 4 4539 AN
Yrand and Model {C100}
Rated Voltage 48V
Total / Practxal capacity [-70%)
434 kWh / 304 KWh
AT —
Brand and Model Studer-innotec XTH 6000-48
Number of inverter 6
Total rated power (5" - 30°) S0 000 VA - 36 000 VA

&85 Mombou 3% = il BE 4 5 ST KA A%
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Technical solution: mechanical room

[E86 LSk AR AL Tt B I

Added value solution: local capacity building

[E87 KFZREN E R IR
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bane jox
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[E188 S - FAREIFELE M SOC Hh4R

Start up: Let there be light!

[E89 7 FH W B4 S 4 BL B R IE I
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(2) PHREEBNSE
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Construction

[E91 Hr KA RO E TIEAE

[E92 Hfr R A BRI KPS ER

(93 i A3 A AR L T 3 B A
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(—) AXFHFERESI TTIANJIN 2014 Symposium on Microgrids 5 BIFR & » 5% &k B S
EHEF Microgrid Z HR B2 > v R YR AR i Bl S e TR - [EREE
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EREGE  BUR B RS EHERSEE R E AR R FE A E - BEE S E LT -
JCLASE TS PE M <2 3 (Sandy) B EVRK IR % - BERRDAGYEEAG(F e B > E B HK
1877 > FEHEEV: - NIRRT ER S5 i B A EL U RE TR 2 BRlsE st > SR AT
MR EEASHEES 2 ENERG - ee AR S LBl EE - EETHEA E0m
B [RREESFENA - R RDIE ST HAE -

% 60 H



ER U I S
(—) AFFOEMEHER :

Current Research Status of INER’s
Microgrid Technology

Deputy Director,
Institute of Nuclear Energy Research (INER)

13 Nov. 2014 ‘!
/ - = — € - \b}

| - - @ 1
Y » & G — ‘
R T

Outline

Introduction of INER

Background of Microgrid Project

Current Research Status of MicroGrid Technology

Future Works

©

L o SRU e
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Location of INER

http://www.iner.gov.tw

LA

Organization Chart of INER

Since 1968 ~ In Jan. 2015 will be renamed by

INER, Institute of Energy Research,

Atomic Energy Council Ministry of Economic and Energy Affairs
| Advisory Cammittes mwmmml

| Occupational Safety and Health Committee Marketing Center

ﬁuﬁ-——

i}
i

uo1SIAIQ 518hud
mm-m =
S0 SHly Bay
310 (BuuOSIBg |
#0440 Bupunoaay |-

PO MG |
934440 $IHUIZ ONAINE [IND |

i mmlw'umu

Imm-sum
UOISIAIQ SIRLIDIVIN PUE 519N INSI0N |

vorsiawg Bupuum ¢ 138f0ud |

|
|
i

— 2 of Nk Energy Research (INER) -
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Profile of INER

Profile - Staff Total =1534  September 2010
100% ¢ o Agministrabon @ Techncians  DOResearch Bachel College
0% ) e b " i
m 811 542 653 &35y 712 phO.
29%
60%
oy l
40% D
0% _ 7% _
0% - .
0% — T : Master
" 2004 2005 2006 2007 2008 -
Tob Attribotis Educational background of research staff

®In 2010, INER has an annual research
budget of 3,063M NTD, equivalent to
about 100M USD.

Profile - Budget

©® The annual budget includes
administrative expenses suppor y
the central government and R *
funds for contracted projects

Institute of Nuclear Energy Research (INER) :

Outline

Introduction of INER

Background of Microgrid Project

Current Research Status of MicroGrid Technology

Future Works

‘})

L7 s ZRU s

% 63 H



Research Position of INER

i Univ.: NTU, NCTU,

- ,

o

=

-

w)

=3

3

=)

= Intelligent, Sensor

§ omm., Measuremep
PREL - AF~LHh R -

MOXA - #H ¥ - %
LHTF ThH - Mt GHE - HE - MA
i ﬂm Institute of Nuclear Energy Research (INER) s

DG Units at INER

< \
- oo s o = AA =
= -

100 kW HCPV

1 MW HCPV
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Microgrid Test Field
o] MG Test Fieid '_r Wy._'..... |

[02 ampes | 0/ .:i s:/v windl .:‘
M
] Jf s

=]

94

25 kW wind

: 100 kW HCPY
150 kW wind

= Photo Direction

e
=1 1

Control Room § 250 kW ES

65 kW x3 MT MG Test Field

TPC Distribution
Feeder

Point of Common #,
Coupling (PCC) &2 ¥

Overhead Line

(700 m)

Underground Line e
(35m)
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Target:

Developing power control and management technology for low voltage
side of smart microgrid in which 20% of total energy comes from
renewable energy.

= plug & play

’,—"—Loonltageside o P
114 kV Utility .~ i
/ z/ ¥ -
/
/
1220380V

SS|

e

peer-to-peer :
control !
» !
\ ,/Ehase I
¢ Sustanabile

7’
7 ’ Micrgzone
7/ -
o -, i
- b
SR> -
-
-

-
-

Institute of Nuclear Energy Research (INER) .

-
“g- e - -
N - —————

1

Microgrid Development Roadmap

2010 > 2011 > 2012 > 2013 _>2014 >2016~2020 >

System Planning & System Integration & |Pilot Operation &
Phase |Core Technology Implementation Performance
Development Improvement
B Power Analysis for (B Increase the B Increase the
Seamless Islanding renewable energy renewable energy
Operation penetration rate of penetration rate of
® Smart Control & regional power grid | regional power grid
Target Measurement up to 10% up to 20%
B Advanced Power
Electronics
B Energy Management
® Energy Storage L}

L7 s ZEU s
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Outline

Introduction of INER
Background of Microgrid Project

Current Research Status of MicroGrid Technology

Future Works

Institute of Nuclear Energy Research (INER) o

Microgrid Technology Development

(1) Power System Technology
— Operation Scenarios Design & Testing

%67 H

— System Stability Analysis B o 11 &) e
— Protection Coordination for MG l, -1 L o l l I l“_ ;
— Microgrid Power Quality Analysis e _+—:
(2) Power Electronics Technology | 2n : 205
— Static Switch and Islanding Detection -~ L 5 heey
- Smooth Switching Inverter T ot [- T* T §
— Active/Reactive Power Control ' i
— Droop Control ‘ |Zope 2 Izq\. i Zone 3 L“l !
- Low Voltage Ride Through -l ~+ J
(3) Intelligent control and EMS f X
— Energy Management System ,.& r f‘
- Power Flow Analysis o n; 3 ——
- Generation & Load Prediction o ,','., ,',,... = .,..] i
— DAQ and Time Synchronization - :\
Jooe | R AW
Institute of Nuckear Energy Research (INER)



(1) Power System Technology

B Operation Scenarios Design & Testing
— A. Microturbine Test
® A1l Transition between Gnd-tied and
stand alone operation
® A2 Stand alone operation with HCPV
® A3. Stand alone operation with WTG
® A4 Load following control
- B. Static Switch Test
® B1. Synchronized control
® B2 Loss of utility and restoration
® B3 Reverse power
® B4 Microgrid energized
- C. Microgrid Protection Test
® C1. Three phase short circuit at BS
® C2_Single line to ground fault at BS
® C3. Three phase short circuit at B2
® C4_Single line to ground fault at B2
—~ D. Subsystem Test
® D1 Initial voitage control
® D2. Three phase unbalance

P T T

el —
—— o -

Grid-connected & Islanding

(o
Institute of Nudlear Energy Research (INER) -

(1) Power System Technology

B System Stability Analysis

i SENRENEE Sape—

-System Analysis

1. System Planning

e - —_ }
- - [ A ~ | P ~ 2>
c»{—;e-lj —-Fl Tl st

-Software Tools

2. Modelling
3. Power Flow

1.PSCAD - ——+—= | 4. Fault Current
2.CYME/PSAF | : T s| 5. Impact Analysis
3. NEPLAN  aae E:E] £27 I 6 Scenarios Design
M fraa T
4 Matlab
s T o 1 _Tt_7 : .
- Lt N o = (e v measure 1
m_':+ O e (-3 e g T 4 v System Output Frequency 3
‘ A*.'" 3 _' iy - < 1l —— 2 \
o =..q W - —v‘-x—— -
R A o L? w‘ﬁﬂfmk rW‘ MWJJ'HM'!‘M' ,
- BN = -
. e L e = .,lmulah.d
' ot ol i 'V . 5 e
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(1) Power System Technology

B Protection Coordination for MG . 1 i
# Protection coordination analysis e i W
@ Fault current calculation & 2 3 TP e ]
parameter selection and design for 1 i Ef {
protection decision-making = - LA =2 | VA =
algorithm e - TR ——
® Action analysis for (NFB & OC pe (il s NN
Relay) 5 3 Nt LR R
CurrentsA, 8

» Artificial fault testing

@%:_—E] anews T EE

!

Measurement of fault cumrent 17

(1) Power System Technology

® Microgrid Power Quality Analysis

» Power quality analysis ll

® Harmonic modeling of microgrid component ,
® Harmonic power flow and unbalance analysis “ ===

=
sed It = S
o g A T {44
N :-\-_;s “:‘.E\:t‘-— .
-
L

» Power quality |mprovement
@ Active/passive power filter analysis & design

.
™
1

B il il i Yl i i
QQ 0 & Q4 O U3 05 02 023 D4 0
K »: - -

R 7

; m L - Institute of Nuckear Energy Ressarch (INER) -
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(2) Power Electronics Technology
B Static Switch & Islanding Detection

» Active islanding detection L
: =N H(8)
® AFD, slip-mode (SMS)
® \/oltage-Pulse Perturbation, Ve 0.16
Voltage Correlation 50<v<88 200
® Activelreactive power 110v<120 1.00
perturbation
® Sandia frequency shifting 12089 e
® |Impendence, Current injection
weRd iy
HH(#)
e >60.5 0.16
NAARAARAARRARR AR A AR, | il T 0.16
"‘“'hla' { ,'.'M"‘ i\ ‘l'll'\“’T_ - :
AR AR AR AR R A RAL L) Vv ;= >60.5 0.16
| AQ NDz | >30kw | <(59.8~57.0} | 0.16~300
T ov <570 0.16
/
N : =8
3 Island Sig. = AP |EEE 1547 standard E«}
- 140 ms -
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(2) Power Electronics Technology
B Smooth Switching Inverter

In islanding, S-inverteris a VS
® Smooth switching capability within two cycle
® “Energy Storage Systems for Seamiess

Mode Transfer in Microgrid”, IEEE PEDS
Conference, Dec. 2011.

Mo TTg

A} A ;

/ V\ cument  /\/\ voitage Viria E

; : b g | A VIV A IV Y A

: SSR SANMAAAAAAA AR A R AL .l."\'l’ i
’\I 3 ] ' a il' \. 'Jl'..'{?v{&‘\.f 11' "‘H!\\!' \; \‘J U \/ l'%-“l'l H\‘l lf[‘m'”.t.l 'th ) i.'i"I‘.':
d ! & \
= sie| | [ hbb AL AAR ALAALT WA |
- : ' |

............. - T] | Gnd-connected Islanding |
Smooth ‘ charge state | discharge state |
Switching | ES Load l‘.__ _— = v b e - - -
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(2) Power Electronics Technology

B Bi-directional inverter for energy storage with active/reactive power control

[ spec  Noe [I§
393V -4

Vac |220vi60 Hz

Vdc [380120V

PF >099 Chargermode
09-1-09 |Discharger mode

Freq. |>96% Highest efficiency

Rating 250 kVA D :

Comm. |Can-bus

250 kW bi-directional

DSP controller layout inverter
Sodl sttt Lowmbugg P uw !
Measured waveform in four-quadrant operation ’

‘ ’ Institute of Nuclear Energy Research (INER)

(2) Power Electronics Technology

B Frequency-Droop Control
® |n islanding operation t
©® Fast response requirement (using

power electronics locally instead of
receiving commands from EMS)

® Traditional control may not work in P’-‘
low voltage microgrid (short )
distance means that impedance
comes from resistance more than
inductance, high R/X ratio)

Institute of Nuclear Energy Research (INER)
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(2) Power Electronics Technology
B Low Voltage Ride Through

® When voltage sag occurs, WT

- = E_ON (Germany) LVRT requirement
should provide reactive power ( ) eq

Veltagt™

to support grid voltage instead '

of only just trips for self- o~ S NSRS, SRR [

protection. - 5 S e

¢ / EE 1547

® E.ON (Germany) LVRT Y

requirement

Type 1:Traditional SG s |- 1

Type 2: WT, PV ' :’i i

01% @\ 1% 00 Tecim

depends on system view (RE % ?)

L
v

(2) Power Electronics Technology
® Low Voltage Ride Through

® Simulation platform for LVRT QT T —r e

v e
A i e—_" H— 2 ;w
R Caeyeorter [ 7 ee—ter -—r~:b._—-('\,l ™ v ™ - = e
T E MR p=f o] -
e | ki I'J‘-""Lt el =t 1 I
(i ‘I, ] ‘4". 2 | S 3
5 1

[
<
l-'“
J
i,
t.d I
k.
WML LY
114
I’
ﬁlrn
i
1

T
Al

g1 I

simulation platform for LVRT

i
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(2) Power Electronics Technology
® Low Voltage Ride Through

(3) Intelligent control and EMS

B Energy Management System

Price & Carbon Signal

N\

1 [
) )
==t -
B |
AAAA S AAA |
o -0
::) o) . ~ ] - ?
— N Oy - — O 'X
O)i:" f-\.:;' Optimum Power Flow By .:‘.‘ ”3 o \.
! p f = Load/Weather Forecast [') o § : T v
. oL State Estimation nTErEas  vaTiress e
> Unit Commitment < @ o
10085 t100 2008 za08) 10085 a8 1080% IARAL 2008 30

TR

Demand Respanse/l.oad

Shedding
VF control

|
~e

-

R L L)
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(3) Intelligent control and EMS

ST

|

Lo RS — ERE T

Institute of Nudiear Energy Research (INER)
2
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(3) Intelligent control and EMS

B Three Phases Power Flow Analysis

©® Real-time three-phase power flow
analysis algorithm for microgrid

©® Good convergence for multiple
DGs and high R/X ratio in low
voltage system

® ZL oop Method

@ Capable for 100 nodes in 1 sec.

&

Institute of Nudiear Energy Research (INER)
2

8
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(3) Intelligent control and EMS

B Generation prediction for renewable energy

ot L

Extreme short-term forecast - GT  Short-term forecast — BNN v
.
Sy by ol
bew O ) ey -\ 24
\ [ e bk e "
i B\ o =g == “
mmd-@)‘; ey ooy oo =
e e 1) /| i s
/
/
pa—
el .
, o - e
B 1,5 10, 15 min-ahead load prediction e

v'-.i "

,MNM m S W Mﬁ ;M’ of wh Gl

CNAMEET 7% < © T CNRlbSE st ¢ CNRMSE Dadiox T T CnewsE Tseiak
NMBE -106733% NMBE - 11.9459% NMBE © 15.9084% NMBE - 10%a0%

MAPE  :10.3065% MAPE - 11.9657% MAPE 500815 EW

2 ] z

§E F da A R B 0B

(3) Intelligent control and EMS

® DAS and Time Synchronization

IEEE1588 V2 time synchronization (PTP)
® Proper to distributed multi-nodes
system
® Precision <1 ms
® Easy for implementation in network

Geand
Master

H 75 H



(3) Intelligent control and EMS

® Other Energy Storage

Vanadium Redox Battery (under testing)
® Monitoring and testing platform.

® Charge/discharge characteristic analysis

Sl \Rg
anliont e J Flow Battery
Ari‘v Ietion DE 1onstration R&D Test Zone
Micro-grid % :
Energy Storage System Test & Application Site

SRE e -

Institute of Nuclear Energy Research (INER) <

Outline

Introduction of INER
Background of Microgrid Project

Current Research Status of MicroGrid Technology

Future Works

¢
AT, e,
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Smart Institute Project

INER
8.75 MW
52 buildings

(3)ADAS

loop structure for
load transfer

(4) AMI

high, low voltag}-"
fSD EV B e O
smart power @ =
dispatching =
mngt. and ES [~

DGs locate
around
buildings

oq a|gemauay

1

M EVLEN o

| 4 (2) Smart House

J jﬁ» . located at the end of
3 distributed system
(B)ES + 11 4 kV substation - 1 M‘°‘ rid / i

]
)

Water Park of ngtung Mlcrognd
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Microgrid on Penghu Island

All possible types of international collaboration are welcomed !

P vy o X
Y ¢ T

Institute of Nudlear Energy Research (INER)
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(2) AR RZEHRER

Taiwan's First-Outdoor Microgrid

e

/ orer e
BmObjective

A2 » et of convertione o s shOtege Wt Ut werming B reemec® Tand of warkd goes o reeryg e osege of gy 9
myord belerce of ey wpsly end demersd e b U wnmat g wogy Fowsww, de In e -l e g
parateior of renwastze mergy Wil ceaae Volage sege o sl B0 tritg B Sereie rpect © e spewion eadaly of egone power wsters Acoording B
e TPOs (Tewer Power Carpeny) mgeiion, e vollage verston s bevied B beow 29% Ao poww ger amet! oorecty © te
Suttasion systers 1 wil wfect radeieor capecty erd parataton relc of e s st end W OWET GENETEEGT! MNEETI 1 8RR | arde 0 erthence
e ragwon of he Satrbutd gearston 1D agone gt Fomee fw pereteton eBe of gy e wrice power slet IctTaogy
Tevewrs fnboutdoor mioagd sessenh demorstrsion Seld s Dull op Sy INER (reitute of Nudew Enegy Mesesuh) n Longlen oweshn ed we
sucemdyly cormactes o TPC datituion femder i 2011 The resseth bpios melude snegy -gr - e ol corul phalform, dervard
regoriee Uy OperALN where slectc vetade ried gence operetonsl ManageTent! Ictnotagy erxd sats vwict motnoogy
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