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1.1 I E X/ Significance of MG

[%QEE RIRIE N / MG Significances ]

O 7RIz X Ay AT & 4t F (o] RE
to supply energy demand in a stable and reliable way in
remote area, including inhabited island and rural area.
Mostly depend on renewable energy such as PV, wind, small
hydro power, etc. And some micro-grids supply both heat
and electricity.

O e BERELENZEXR

to present a controlled profile to the wider power system,
e.g. to damp the variability of a local renewable resource
and buffer the grid from it.

O EAMHEREMEEATEY
to provide power quality and/or reliability (PQR) different
from the local standard of service, e.g. to serve particularly
sensitive loads such as emergency services



1.2 5433 /Classification of MG

Jh 7RI Isolated MG

AEMBRIEEE  FAESSHIBERREHMMNARMIFER. SMNAFEIBESHIIELR
i, BRREREEERAFMRTERSAMENINERYEE , Ao A BERER. XEMMEINES
Ei85. hinithXEAHRFRHA,

Off grid, to meet the demand of MG load with distributed energy. When the existence of distributed renewable
energy (RE), the MG system often needs to configure the storage system to keep the power balance between power

supply and load, and make full use of RE. This MG type fits for the island and remote areas. /

HARIBI On-grid MG

BHEHMFIRZAFNSITIRIN, EAFANITIERT , —RSP. (KEEEMHAFMNIZIT , SCIEEERIXN
[FAZHR, FESNEREERIEFEENT |, AIEE M OE TR , BENHMNNEZRAHE |, REEEREHHE
FERJEEME, 1B SRESTHANEHISRISF ISR FFE: , AIRIEMNESBEEREME , B LASLIMmAE TR
HIFCEELNIR,

Two operation modes with 1solation and on grid; In on-grid mode, MG grid-connected operation with middle
and low voltage network can realize the energy two-way exchange. In isolated mode, MG can go on to supply
power to important loads. By the advanced control strategy and method, high quality of electric energy supply is
guaranteed , and the seamless switching of two operation modes can be realized. p /
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2.1 I 37 {5 o SR BY 4R (IE
2.1 Typical Characteristics of Isolated MG
O REBESE / Demonstration system

HEEIMENS. IFRELS. S8EN. T RAAWUSE
Kythnos island in Greece, Dong Fushan Island of Zhejiang, Yu Shu of Qinghai, Dong’ao island of Guangdong

O BRBYSAE / Typical Characteristic
> RN R AXENEE  BEERAS  S9E55

Grid : No large and strong grid to connect, voltage level is not high, the structure is weak;

> HHIAEE: R FFIE" | TREARZERRE

Distributed generators: Energy “ right crop for right land”, high penetration of renewable energy
> @A EEAEAE KK, BEE. FUEK

Loads : Residential electricity consumption, large fluctuations and difference in season
> (HEBRE : BEEREERAS , AILUEREIFE

Power Quality: low quest for power quality, the temporary power failure is ok



2.2 BB =) 43 #fr(1) / Case Study (1)

HiBERIK/FE/MEHM / Hydro/PV/Battery MG in Yu Shu, Qing Hai

¢ =R InEEEEN , AO31/G , KEZZEFZTER , BORER

Overview : Far from power grid, Hydropower limited operation in winter, Lack of electricity

¢ BBAOEN (BF) : 2BE/VKEBI12MW , B HERO> 2MW(ERTEE12.6MW)
Power capacity (After earthquake ): Hydropower 12MW, Lack of electricity > 2MW

¢ fRRTTZE - EIRIOMWp R (&R ) T12MWIKER |, FERRZK/SE/MEE MR
Solution: 10MW PV+12MW Hydropower , Complementary micro-grid

¢ MBFEK | —HIEIR2MWp AR, |, SIESIEA/NY |, FolmEE A
Recent demand: 2MW PV for the evening peak period of 4 hours power supply, With heavy load
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2.2 BB =) 43 #fr(1) / Case Study (1)

HiBERIK/FE/MEHM / Hydro/PV/Battery MG in Yu Shu, Qing Hai
FHEIERSAEEESK / Resource and Load 000

800 -

¢ ERXKHERIRIVRFE |, HEBRT£%2600 ~
3600h , FiE59E6500M)/m2LL L,

Solar energy resources are relatively abundant ,sunshine
1s 2600 ~ 3600h, the amount of radiation 1s above
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2.2 BLRYZ I 4347(1) / Case Study (1)
— HiFERIK/F6/(EEM / Hydro/PV/Battery MG in Yu Shu, Qing Hai

KR A / Key technologies

inverter

5. Hydro/PV energy
management system [1 Synch rog

3. Schedulable
o 2. PV 1o battery}
4. SCADA } charger

system

& ZRGAERY
IKEBHNEH: 12MW
FEIRBEF:2MW
ZHjthéA:15.2MWh
fagk : 17MwW

& HBEEFE

Bifi400V, FR 35KV

System composition:

Hydro Station 12MW
+PV 2MW + Battery
Station 15.2MWh+
Load 17MW.

Dispatch Center 35kV.

9




2.2 BLRYZ I 4347(1) / Case Study (1)
— B ERK/E/MEMM / Hydro/PV/Battery MG in Yu Shu, Qing Hai

BERERER/MERER Y (20114F2 /) MW B 5H+15 2MWh$RES
PV/battery station in Yushu County finished by Nov. 2011 2 MW PV array + 15.2 MWh Battery
200kVAREEEEE (TEiEH))  150kw DC/DC FEHLIZHIR SEEBLRSE

200kVA Inverter with Droop Control ~ 150kW DC-DC Charger Software HMI of automation system 10



2.2 BLRYZ I 4347(1) / Case Study (1)

— HiFERIK/F6/(EEM / Hydro/PV/Battery MG in Yu Shu, Qing Hai

& & REEHBE T Multi-inverter parallel operation  F /3837 Y& K F2/Grid on/grid off switching curve

FERRATEEFIRA |, BIRSNA , TS SWTREFHIL , RAWER5.7% , THD <3%.

The inverter used droop control strategy ,simulated synchronous generators , achieved multi-inverter
parallel , maximum efficiency 95.7%, THD <3%.

FHEEGIERRAMPPTS=

BB IMNEIEFIRA | &

ANE=98.5% , i FEBEE400V.

The charger used MPPT and
three-stage coordinated
control strategy, maximum
efficiency 98.5%, Output
voltage 400V.

SeREES I Th R 2% FE BRI AR AR R R 2k

Output power of PV array Charge controller efficiency curve =



2.2 BLRYZ I 4347(1) / Case Study (1)
— HiFERIK/F6/(EEM / Hydro/PV/Battery MG in Yu Shu, Qing Hai

s BHiC#ER20124028
FEMEEAIRE “hERAHEIKSCE MR i Leader inspected the station in February,2012
T5iSEMFRAZR"
China’s largest micro grid power plant in Yushu reported by
Xinhuanet.

. — s re s HEINEIAKIER2011F78
HEEE&FE?—%—%&*H%FE‘%&%&EIE# Leader inspectel:I the station in February,2011

Award certificates 12



2.3 LRV R F45>47(2) / Case Study (2)

— I'&RXBWSM / 1sland MG in Da Wanshan, Guangdong Province

¢ BUSHR KA WS TFEMNEREEER39km , TR O xR , EfRZ£Y8.1km? , EIFX BTN
781k443.13m , AOZJ300 A ;
Overview: Da Wanshan Island located in south east of HongKong, 39km. the area is 8.1km? , and

the current population is about 300.

25T iR A RLGaE AR S E

Cu rrent economic situation: The fishing and tourism is the main industry.

¢ HEIUK | TERMECBTEME , RERARS , £93~475/kWh , BeEIEERE.
Power supply situation: Power supply mainly dependent on the diesel generator , the cost of power
generation is about ¥ 3~4 yuan /kWh ( ¥ 0.5 yuan in Guangdong ) , and low reliability.

13



2.3 B A LIl 434 (2) / Case Study (2)

— I'&RXBWSM / 1sland MG in Da Wanshan, Guangdong Province
HiRERS/AMEEK / Resource and Load

& X/5¢/T{aEidE / Data curve \

RIEBIMWXE, CEEARTSE, 7B
HOMERIHHI G 1B EIE 8760/ \ETHIIXIE.
FERRLAN ST E5GE.

According to the data of investigation (wind,

solar, load ), curve fitting by HOMER. /
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2.3 BRI R F 455347 (2) / Case Study (2)

— I'HEXKABWLUSER / 1sland MG in Da Wanshan, Guangdong Province

-~

B2 24 FRIEquipment Be & 75 &=/Configuration

~

1£:850kW
> BRERE 200kWp
Configuration 2000kWh
PCS 1000kW
\_ 2£3500kW
4
: 8,500,000
» MRS 2,000,000
Initial 800,000
Investment 3,600,000
PCS 2,000,000
FI85 5 B Total 16,900,000

\_

/
~

/

15



3 #L A LI 43#fr (2) / Case Study (2)

— I'&RXBWSM / 1sland MG in Da Wanshan, Guangdong Province

IZ173 R ¥4 / Evaluation of operation effect

_50

FEREE | RG] | P K N
(10%kWh) (%) # (h)
X ind 142.7 53.35 1680
ok L win
Load YR /PV 15 5.61 750
(810kW) ey AL/ diesel 109.8 41.05 \

FE5E (kwh) | FEEFHE (%)
Total discard/Year proportion
TRIZK | R ML /wind 69.4 /3 32.72
Load
(810KW) FetR/PV 7.2 5 32.43
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2.3 B A LIl 434 (2) / Case Study (2)

— I'&RXBWSM / 1sland MG in Da Wanshan, Guangdong Province

£33 1413 4L / Economic Evaluation

23 ¥8h5 | economic indicators

T B R
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JiTt 1690
% 8
yuan/kWh 2.00
yuan/kWh 3.15
JI T8/ 6.15
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27 HrING / Brief summary of economic

¢

HEFStrERILIEE | BenzkE
AIRERIL s SR | BEANIRE RHAAER
ABEINEIRE S , BERBBRT+MERIBY
iR FRERBALIEITHHET ;

Without government subsidies, hard to

commercial operation and popularize.

FIRI7RIGIRRN , ELEESR oI
XBES" IMBENKE , sl
RENHBATRER ; 7 BABUE
IERBUSHEHRIZE S IEFIRSS | tBrILd
EEBNMELI.

For the isolated MG, the initial

investment should be offered by the
central and local government.

17
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3.1#8 8 =5 43#fr (3) / Case Study (3)

— & 8% JLTFERH / New Village, Qing Hai Province

X1 7148 / Introduction
¢ IEVE . BEsR  5i8illviazis  HAWTS—#E , 3100k , F£195i53.0°C (&)
Geography : Located in Qinhai-Tibet Plateau, altitude 3100m, temperature 3 C

¢ @S . SEFERSSHIE RN TE MSEiRE2.2{25c , 20145F4BHFT

New village : Demonstration of new village in Qin Hai province

>

MABFE / Existing village FiFTAE] / New town plan 19



3.1 BB =6 43#f (3) / Case Study (3)

8582 JLFHH / New Village, Qing Hai Province

BEMEERTER/ Conventional energy situation

¢ EBN : 35/10kVEHEIM—E , F52MVA , BRXKin , 5555
Grid: 35/10kV substation, capacitor is 2MVA, weak grid

* (LAEEE - 1E. MSERKIEREH , kS | SRRE , AERHEEEE(75%)

Fossil energy: short of coal/oil/gas, low efficiency because anoxia (75%)

& FAoehels « . ARSEEF , HIBNRE | WIMENESETK | ARERBES K

Firewood enerqy: cow dung, wood, damage environment, result in disease

EESEBEM / Weak grid B3 / Cow dung 5554 / Pollution
20




3.1 BRI =444 (3) / Case Study (3)

— E8RJLFET / New Village, Qing Hai Province

X LFHBSIT / Statistics
¢ 2fFHBE : 367.45kWh ¢ APMEZEEEE ., 1700kWh/m2/Year ;
Annual electric energy consumption Solar energy is rich
¢ RIEZFHBE: 268.175kWh(73%) * MEFFEFREF(HAW) ;
The heating season shares 73% Wind power resource condition
¢ IERIESAEE : 99.375kWh(27%) ¢ KEBFRIF(SERB).

21
Other season shares 27% Existing small hydro power station



3.1 #BY = 4434 (3) / Case Study (3)
— B8R JLTFHH / New Village, Qing Hai Province

¢ SFBLE  NBEaREAESHEERSSTIBMMNIERS

General scheme : Village MG, which renewable energy based and comprehensive utilization of
energy




3.1 BBV R F 4547 (3) / Case Study (3)

— B8RJLTFEH / New Village, Qing Hai Province

" General scheme
hierarchical MG




3.1 LRI 2= 43 #fr (3) / Case Study (3)

— B8R JLTFET / New Village, Qing Hai Province

1IE1TER1E(Y / Evaluation of operation effect

L kWh m? kWh RIEZ JERIEZSE 2

*’;ioigi‘& 902.2hH 110 29337 20% 75% 27%
ST
380/ 0 100 4827 0 0 0
P& 2.658 700 24F 62% 381% 110%
ST 3.15 1890 2.187 101% 225% 143%
B 4,655 fé iicl)g 5.3955 61% 137% 165%
BAMMEEX 551.65 / 367.4F 100% 278% 150%

Penetration of renewable energy

24



3.1 BB =454 (3) / Case Study (3)
— B8R JLTFIHH / New Village, Qing Hai Province

2235141 ¥4L / Economic Evaluatlon

investment (A7) ( 7571: )

700FETY¢HA 0
525kW 525 9.0 : 10.6%
10kW3E+10kWJX, 25 0.25 - 266
THRIFRR RS 29 66 0.5 1.95 5= 1172 438 <0 /
15kW/4hiRER 12 1.2 L '
20kWSELR 20 0.23 H - 266
KPAEERNXHE RS 47 73 095 178 = l463 729 2.5% 28
15kW/2hfiggE 6 0.6 - '
30kWLR 30 0.3 i - 3.99
BE/MEMIER% 247 301 301 3238 1703 21.92 <0 /
30kW/4h 24 2.4 i '
2.9MW 2610 20 g : 386 16.28% 6.90
1MWhiEERiEREL, 200 12 0 <0 /
/ 3775 77.53 489.59 9.77% 10.27

25
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