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-2 127 diesel power plants’s life will be ended within few years
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[Typical Power Plant of Korea] [Many island in Korea]
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Why Remote MG in Korea? - ﬁ]u

Cost of Energy in Korea

0.142 vs 0.587
$/kWh $/kWh

COE in Mainland COE in Island
(2014 year) (2014 year)
Source : KEPCO  Source : KEPCO




| Secure MicroGrid Total Solution for KEPCO’s island & business

| KEPCO Research Institute(PJ Owner), Jeonnam TP, KESRI, KIER

Budget | 10M$(Govern.5.8M, KEPCO3.6, Local Govern.0.6M), '12.10~’15.10(36M)

What to develop

Develop engineering process)

= optimal combination of DG and evaluation of ec

onomic feasibility
= system analysis and optimal location of DG

Develop EMS and ©perating technology ) J

= generation control, emergency control, load con

trol, etc.
= operation manual, emergency operation manua

Demonstrate and Secure Track Record )

= verify technology based on DG capacity combin

ation
= Build infrastructure for commercialization throu

gh site optimization

Concept diagram
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[Before applying remote MG technology]
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N Y Test Island

~J Test Island : Gasado(southern side of Korea)

Contents
» Southern part of South Korea
Location | * Distance from main land : 6km
« Area : 6.4km
Electrical |« Genset : 100kWx3 (1993)
System |+ D/L: 2 line(total length : 8km)
» Customer : 168house(286person)
» Average Load : 96kW
Load (Peak : 173kW, Min : 61kW)
» Main Load : Radar, Lighting house
Water supply
Site * 50% : Owned by local government
I
* 50% : Private owned

Stz

gggggg

Tsushima
||||||

Tsushima
9




\
7/

’/\T
A

» Design Target

~J MicroGrid system supplied with 99% renewable energy ‘

Classification Contents Note
Energy 99% renewable energy Energy independent
No Wind/Sun 1 day Battery size, Economical
Emergenc Using diesel generator G /1T
gency 9 9 No wind/sun
Renewable Capacity divided Renewable mix test
For field test C :
Exclusive line for test No outage at the village
EMS Automatic control System efficiency
Plug & Play No communication for small PV Economical
Site for WT/PV |dle site, Roof, Reservoir Water floating PV
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Lighthouse/
Customer Radar base
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Exisiting
Diesel Gen.
(L0OkW*3)
Ly : “a Water Service
.......... é&.n-...n.? ] (Load contr°|)
Inverter#l =25 A I T /
(500kVA) '

D/L#2 : Village#3, Lighthouse, Radar base ' ]
Test D/L E

Li-Ion Battery Inverter#2
(3MWh) (500kVA)

Inverter#3 | ~N

(250kVA) P e Customer PV#1, #2 Wind Farm PV#3, #4
i Air Conditioner (78/60kW) (LOOkW x4) (102/48kW)
PV : Control Center (Load Control)

(17kW)

X Tr. for PV/WT/Load are skipped
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Y Operation Mode

¢ Transition beteween mode#1, #2, #3 is done by EMS.
¢ Transition from/to mode#4 is done by operator after fault clearing

Mode#1 0 Mode#3
_PCS#1 : CVCF Battery SOC < 10% > | -PCS#1: CVCF
-PCS#3 : Off <€ . -PCS#3 : Off

Renewable output > Load

-Diesel : Off -Diesel : Droop

A PCS#1 and #2 fault A

PCS#1 and #2 PCS#1 or #2

PCS#1 Output PCS#1 Output fault restoration
> 400kW < 400kW
\4 \4
Mode#2 Mode#4
-PCS#1 : CVCF PCS#1 and #2 fault > -PCS#1 : Fault
. -PCS#3 : P/Q -PCS#2 : Fault

-Diesel : Off Diesel : Droop
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Y Main Equipment
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[Li-ion Battery : 3MWh]
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/ Main Equipment

N i /- ‘.a..
- Specification Function & Feature

Battery SOC management, Forecasting of load & re

EMS SEADE © ipplfEEitien newable energy, Direct load control, Automation
GEI Frequency & voltage control, P/Q control
(Grid Forming 500kVA*2, 250kVA*1 500kVA #2 : Backup, 250kVA : for shortage of ratin
Inverter) g
- Electrical energy storage, 1C-rate, NMC type
Battery Sy Ml 3 GFIs are connected to 3MWh in parallel.
PMSG+Full converter, Power limitation, Power fact
t 3 ’ ’
U Lol or & Voltage control, LVRT, FRT
Power limitation, Monitoring of each module,
PV elsiiiEE) Water floating PV system for limited site
Diesel Gen. 100kW*3 Droop control, Remote on/off
Water pump Water tank is used to energy storage.
Load . L .
Air conditioner Battery room temp. control using surplus energy.
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/ Feature of System

¢ Inverter-based power system
v" Inverter maintains voltage/frequency and battery SOC.
“* Renewable energy penetration rate of world class level
v Penetration rate : 400%(of peak load)
* Automatic operation by EMS

v' Automatic control depending on battery SOC
: PV /WT / Diesel / Water supply / Air conditioner

s Usable both as commercial operation and as test site
v’ Various tests are available without outage.
*» Demand side management
v water tank, air conditioner of battery room
“ Design considering growth of Gasa Island
v’ Site selection of WT & PV farm considering tourism resources

v Water floating PV : Consideration for limited site of island
{2es
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Diagram of MG-EMS

MG Operation Serve  Operation HCI

-
g g MG EMS HMI

—

Main/Backup Server

1
1
1
1
1
1
1
1
1
1
1
1
:
(Economic dispatch) i
1
Optimal scheduling of battery SOC i
1 .
, |
1
1
1
1
1
]

Planning ON/OFF of load

Load Forecasting

Renewable Generation
Forecasting
<GLF>

(Demand management)

Planning unit commitment of gen

[Under abnomal SOC]
(Real-time control of water suppl
Emergency Control y and diesel)
<DEC> <ASC>

» Surplus power : Real-time optimal demand management
- Unit commitment and control of water supply

> Power shortage : Economic dispatch of diesel gen. Renew. E

- Unit commitment and control of diesel gen.
> Abnormal Battery SOC : Emergency control — a f L I Battery

- Load control : ON/OFF control of air con. and dummy load
e W Diesel gen

- Generation control : ON/OFF and generation control of PVand WT |
e B Wo— R e T— 4&




ZHMIE=AISE - On Mode, 20141016_V1

= @b &5

JMIEAISE N e |

Aoz @

| 161.0 kw|

@ HE{1  500kVA L Z%1100kW . E%2 100kW  smm  EHFZ 78kW . 223 100kW o . Z%4 100kW  smm  EHSE2 60kW

o 3396V -236.0kwW]| A LI sasiw] L[ ooww] S2® ooww] L[ s33kw] [ 116kw] TSt 323kw]
4073 A -0.98PF =) L i I l | f
@ QHE{2 500kVA Acnmd) ACB#IZ({) ‘

() 3. i

al

O 14v 0.0 kw | A1 || RS: 383.7V vess () vea#s ()
53A 0.00PF ST: 3844V [ 00kW 0.0 kVar]

1,260 kWh TR: 383.7V 0.00 PF 254°C

,1.260 kivhy AED/L L]

[ .
o] s mae | sege qow O S 255 ]
— . . OF. 4
-6 < = -
-709.4 \'J A

n gjor - JHAtOLS
% A 17w sl 115 e I .
(270 o) Acs#? FHADIL & [:8 y s

=< @ =
ALYES
m H5-5H#3 =0 7“ DS#1 VCB"O 7tAH8R1 O
ol Do = 5 0
\'

-100%

ACB#4,#5 VCB#1,#2 o {
‘- : GBI ED S -
ACB#1 ACB#2( ACB#3| ACB#6 39A 2302 [ 54.7 kW}[ 83.0 %]
00 V 2215V 2213 V - stol 15A i B3 A=

0.0 A 88.6 A 27.4 A - =T Sciip/L =a 102kW
0.0 kw 58.9 kW 17.9 kW - 27 @) = L] O
0.00 PF 0.98 PF 0.97 PF - 8.4 kW VCB#2 EHTRZ O Stjts

§F T ppo  gRocEs g s ) AURsELE = ol

100kW 100kW 100kW 200kW e g0t

Copyright(©. 2015. KEPCO. All Rights Reserved

e




V7

‘NS Y Fuel Saving

% Commercial operation from tape cutting ceremony(Oct. 2", 2015

)

* Fuel saving results(compare to 2014 year) : 79.4%
v Before(Diesel power plant) : 155,511L

v Aﬁﬂr(MerG”d) [Fuel Consumpéio&&?ﬂ&?b&sado]
30
25
20
—4—2012 year H
15 ——2013 year k“un
I"'.,'
~-2014 year \
10 HLH,'
——2015 year
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5 R— =
0 ' Operation strated
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M Y Efficient operation of Gen Set

*» Fuel efficiency of the gen set was improved by 14.2% using GFI(
grid forming inverer).

v Get set can be operated at the highest efficient region because GFI
control the frequency.

s But, battery system’s round-trip efficiency is usually 90~95%.
** S0, gen set should be run in the highest efficiency section.

[Fuel consumption comparison of a diesel generator]

At Diesel Power Plant At Remote Microgrid

Operation Type 2 gen-set in parallel during one gen-set with grid forming

24Hours inverter (GFI) during 24Hours
Fuel Consumption 766.2 L/24 h 562.7 L/24 h
Total Production 2319.3 kWh 1946.2 kWh
Average Power 96.6 kW 81 kW
Energy per Fuel 3.02 kWh/L 3.45 kWh/L
Fuel per Energy 0.3304 L/kWh 0.2892 L/kWh

it e e ettt : MR L L



“* Frequency maintain ratio(0.2sec sampling)
v" Previous(Diesel power plant) : 57%

v Present(MicroGrid)

:100%

[Hz]
61.5

61

60.5

60

59.5

59

58.5

[Frequency comparison between Inverter & Diesel generator]

Maintaining Standard

Diesel Power Plant

[Durati
I

Using Remote MicroGrid

on:5min, interval: 0.2sec, Measured during 9th Dec., 2014]
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*» Unbalanced voltage restoration test

v Under unbalanced load, inverter restores unbalanced voltage to the
balanced state.

BESS mode CVCF 260 Unbalance | 320
nbalance e Va —Vh
Testline PV Output 85KW Jao  Occurtence! Va —Vb —Vc -
N --la -=lb --lc |
Dummy load A/B/C : 80/80/80 kW
Measure point Inverter output _ 220 240
2 <
Unbalance occurrence _ r =
(Dummy load) A/B/C : 0/80/80 kW g 200 200 £
° T
> =]
Before 22U 180 160
Unbalance 2211V
H08c 221.0V 160 120
Voltage
2219V 140 %
After
Restoration 2221V 0 2 4 6 8 10
2200V Time [sec]
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Radiation : 3.68k\Wh/m?2/day
» Wind Speed : 5.0m/s @ 30m
Temperature : 13.4°C

» Average Load : 100kW

% Fuel Price : 0.912%/L

*» Real Interest Rate : 2.98%
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)
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*
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M Radiation(kWh/m2/day) M Wind Speed(m/s)

T T T T T T T T T
Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec.

(kw]
250

200

[Yearly Weather Profile]
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[Yearly Load Profile]

[Daily Load Profile]
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s There are some difference between expected and operation results for
PV and fuel consumption.
«»» But, there is much difference for WT due to
v Frequent stop or output restriction of WT in winter season
v Lower average wind speed compared to collected wind speed data

____ Generator __| Unit | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Ave

Wind Expected MWh  67.8 720 1469 123.3 836 88.4 97.0
Turbine Results MWh  33.3 42.1 56.6 55.7 50.2 31.4 44.9
PV Expected MWh  32.8 21.9 20.4 23.6 25.3 36.4 26.8
Results MWh  27.7 23.5 15.0 21.1 23.7 35.9 24.5
Diesel Expected MWh 17.0 20.4 8.1 5.9 13.0 5.0 11.6
Generator Results MWh  20.3 16.8 211 12.7 6.2 13.5 15.1
Total Expected MWh 1175 1143 1754 1528 1219 129.8 135.3
Production Results MWh  81.3 82.5 92.6 89.4 80.1 80.9 84.5
Renewable Expected % 86 82 95 96 89 96 91
Fraction Results % 75 80 77 86 92 83 82
Before KL 21.8 21.8 21.8 24.8 20.0 23.6 22.3
Fuel  Expected kL 51 61 25 18 39 15 35
Consumption
Results KL 6.4 5.3 6.0 3.7 1.7 3.6 4.5
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Vague worrying about WT’s noise from tH
e residents

Graveyard moving

200 ton installation crane delivery and cof&
crete dispatch S . SN e
] [Foudation of PV at the sloped site]

Typhoon & Heavy rain

Steep ground & slope of PV/WT site

Overnight test for no interruption of electr
C power
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S Summary

e .

*» KEPCO developed high penetrated remote Micorgird with EMS

v There is no problem to operate the high penetrated remote Micorgir
d using large battery system.

* Mismatch between expected and operation results
v’ Stop or output restriction of WT in winter season
v' Lower wind speed compared to collected wind speed data
s Too much dumped energy in winter season
v Due to high wind speed in winter season in Korea
v" We should develop another load(thermal) or storage system.
*» Power quality of remote MG is better that the diesel power plant.

* The gen set could be run in the highest efficiency region using th
e battery system.

% More reading : Wookyu Chae, Design and Field Tests of an Inverted Based Remote MicroGrid on a
Korean Island, Energies 2015, 8, 8193-8210, Wookyu Chae
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