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I Growth in Asia continues outpacing that of other countries

GDP Growth Contribution, 2010-2025
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Compounded Annual Real GDP Growth Rate

(unit: %, constant exchange rates)

2000-2010 2010-2020

Emerging Asia I 7.5 I 6.7
0 2.5 5 75

Africa I 5.0 I 39
Global Outlook for Gross Domestic Product Growth rates, 2014-2015 Middle East 46 45
Central and 38 17
Note : Projections are based on trend growth estimates, which — for the period Eastern Europe ' '
2015-2019 are adjusted for remaining output gaps. Color ramp is based on Latin America 3.7 41
GDP growth rates in 2015.
World 2.6 3.0
Source : The Conference Board Global Economic Outlook 2015.
Developed
. 14 1.9
economies
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I Energy Demand is projected to be doubled by 2030

World population in billions,1950-2050

Less Developed Countries
B More Developed Countries
10

1950 1970 1990 2010 2030 2050

Cities

44 millions / year

Asia Infrastructure Investment, 2010-2020
A total of $ 8.2 Trillion

Water and
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Tele-communication .-
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About
$4 Trillion to
Electricity Energy
Infrastructure.

4 Energy
(Electricity)

48.7 %

Transportation
12.6 %
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Doubled by 2030
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I Why Smart Grid?
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energy and enhance
infrastructure efficiency
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I Smart Grid?
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I Water Floating PV System

Transmission
Floating Platform o Equipment Utilization

Electric
Floating Ground

16.38% P  15%

Mooring A ‘ Underwater
Gear _ . ! Cable

Use of Water

: High
Surface

Conservation of Forest & B
. Efficiency

Farmland

| The Efficient Use of Land ! 10% Generation Increase
; Land-based PV

by eco-friendly system by natural cooling effect

' No Deforestation Damage
by green system

Eco-friendly

Preventing Green _ Saving the Water
{ \ . System

R Tide . Resources
: Green tide can be controlled : Natural Fish Farms

under the floating platform

“ Reducing Water Evaporation
by blocking sunlight

by blocking sunlight
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I References of Floating PV in Korea
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100kW in a Hapcheon Lake, South Korea, 2011 21kW in a Siwha Sea, South Korea, 2014

500kW in a Hapcheon Lake, South Korea, 2012 11kW in a Hapcheon Lake, South Korea, 2014
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I Energy Storage System (ESS)

Method

Operation

Application

Smoothing Control

Smoothing stabilizes
fluctuating renewable
energy output

Power on Grid Wind Power

Constant Power Control

Frequency Regulation

‘ Power on Grid
\

. A
o

Energy Shifting Control

Charge/discharge
depending on load level

Wind & Solar

Power Grid
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I High Voltage Direct Current (HVDC)

Smooting Reactor Converter Transformer

: Transmission Line :
1 Ovurheod Line » DC Cable
'------------------------

LSIS HVDC System !
(Pole#2) |

_________________

Thyristor Valve Control & Protection Room

HVDC System Diagram Control &
Protection
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I Factory Energy Management System (FEMS)

LED Light
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= 29% of wr_lole energy LED Lamp | <
consumption, - , ~o \i‘ AC Drive
and 34% of s
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of energy spent in

industry B EV Charger : 3
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I LSIS Cheong-ju Smart Factory
Cost and Expected Effect

PV Generation

Generation 2 MW (in Million USD)
S o Area Roof
I -
fromp (182 R 1841 i Maior C PV 3.4
ajor Cost
FEMS 0.4
ESS
Etc. 1.2
i == / PCS 1 MW
Wi |
ESS 0.06
T Expected
e Utility Effect in PV 0.63
280139 105484 Heating/Cooling each year FEMS /
Water Machine 2 Ea. (Saved Cost) 0.16
Replacement Efficie?\)éy '
Boiler
Replacement 2 Ba. Total 0.85

Pump, Inverter
Replacement 4 Ea.
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I Building Energy Management System (BEMS)

Solar Panel

Building

» Buildings spend 24%
of whole energy.

= 33% or more of energy S~ > = :
is for Ilghtlng -~ . - ) e ‘ Building Energy |
- e . Management Center \

= 50% or more of energy

is for HVAC. ] Solid Insﬁlated
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| Lsis R&D Center

PV Generation

PV System

Cost and Expected Effect

Generation 50 kW (in Million USD)
Installed ltem Cost
Area Roof
ESS 1.12
. PV 0.14
Major Cost
BEMS 0.11
- Cperstion&dacton iz Lighting &
ESS Facilies 00
o
o | Battery 1 MWh il 1.93
PCS 1MW
Item Cost
e ESS 0.03
Expected PV 0.01
(Comomsam) Jimeneilisi » Effectin
e - Utility each year BEMS 0.01

7723 199.0 - - Saved Cost
Heating/Cooling ( )

| Lighting &
Water Machine 2 Ea. F%cilitiges 0.03
Replacement

- Power Use by Floor . : Boiler

1500 2 Ea. Total 008

Replacement

Pump, Inverter
Replacement

4 Ea. Energy Saving 9%



I Home Energy Management System (HEMS)
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= Household spends
27% of whole energy.

= $250M market in 2030.
(Morgan Stanley)




I HEMS for Active House
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I Demand Response

Negawatt Market

Low Low

Power PlantA = Negawatt —>»

) 4 i Power Plant B =)  [pIerarate é Power PlantA —» BpLENEGT

Power Cost i Power Cost i
Power Plant C = ! Power Plant B =
Power Plant D % Power Plant C %
: Power Plant D x
v v
High High
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I Micro Grid Solution

Traditional Power Grid

Transmission Distribution

Micro Grid
MICRO GRID Wind Turbine, PV,

AREA DER  Fuel Cells, CHP,
Back up Generators, etc.

Bulk
Generation

Stor_age Demand
Devices Resources
Flywheels Controllable
Energy Capacitor Load
Batteries
D e e e e e e e e e e o o o o o 1
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I Micro Grid in Korea : Energy Self-Reliance Island

Objectives

Establishing self-reliance island for CO, reduction, energy cost reduction
and operation efficiency enhancement

Minimizing existing diesel generators by applying renewables with ESS

Supplying electricity with the price lower than diesel power generation cost

Area : A total of 62 islands to which KEPCO provides electricity
System Configuration :

Diesel Generation + Renewable Energy(Wind Turbine, Photovoltaic, etc.) + ESS

Power Purchase Agreement (PPA) between KEPCO and private companies



I Micro Grid in Korea : The ‘D’ Island

= Power Consumption(‘14) : 9,462 MWh/yr
(Max 1,770kW, Avg. 1,080kW)

= Diesel Generator : 2,900 kW
(500KW x 4, 300KW x 3)

Area 20.87 km’
Avg. Temperature  12.1 °C
Avg. Wind Speed 2.9 m/s
Population 1,669

Diesel Generator

Cost and Effects

7 Investment 16 M USD

FoTTems 1““““"" e

| — | - Cost Saving 1.8 M usDHyr
Renewables ! =/ T/r\ t : Loa

| | IRR 7%

WT ] 690Vac ﬁ —

Distribution
TR
= 7 315vac ]i@ .
PV —= !
(500kW) Inverter TR
r [T | 440Vac

- 3WD TR W
ESS PCS " :
(2MW/6MWh) TR STATCOM

(250kW)
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