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1 Cross-border Interconnection

Electricity Demand

Africa

North-America o

KEPCO~-A Smart Energy Creator

Cross-border Interconnection

1
Interconnection in Europe
——— BB cntso@

Grid information
\:

36 countries
43 power utilities

EU and ENTSO-e drive
cross-border interconnections

e

Tt ' Now 2018,
423 interconnectors(is.12)

; 467 TWh Exchanged(18.12)

& ' " Until 2040,
100 more interconnectors
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First interconnector in the world
(1901)

Now 37 interconnectors between
U.S. and Canada

74.5GWh Exchanged in 2018

Further 6 interconnectors(5GW)
until 2025

“Enhanced flexibility
and reliability of North

America power grid”
* USA, Canada, Mexico summit('16)

source : Canadian electricity association

Cross-border Interconnection




2 C-K project Progress il

Major Progress (2016~2017)

g B

MOU on Joint Promotion of Power Grid Interconnection

Joint Pre-F/S on China-Korea-Japan Power Interconnection

between SGCC(China) - KEPCO - SoftBank(Japan) - Rosseti(Russia)
16.06
syl between SGCC - KEPCO - SoftBank

MOA on Joint development of China-Korea Power Interconnection

2 C-K project Progress il

MOU/MOA

(Memorandum of
Understanding)

JDA

| (Joint Development
Agreement)

Biz-Model

SHA
(Shareholder’s
Agreement)

Construction

28 xS et TzMelol ojzy




2 C-K project Progress _
Example of Project Development

I I s The Ancient History (9 years) |
m m Phave L satly fnasisivry m“ | =1 = : v T ! .
“%lia nationalgrid e Seasibility Sy i
& ! e Yyedrs | [ T T T |
[ ‘it O A
(%) Nemo Link R -t S
o S e g0 b i A A =~
e [ —— i i i i Pq!ocu ement I
|

. o2
j{“ 5 | e Loyess | &
]amm [maeruns e 1300
Wanga ; :
Cantestrury
o

szzza|  Delivery phase (4 years)

(O N T T
J. Tt S/“é"‘}"wo B:."G'u“ — |2 years 1
2 O Kortij | .
= A g G ?;t:;:-a;mn
HVDC 400kV - 1,000MW !
140km (130km submarine cable) o

KEPCO — A Smart Energy Creator source : Nemo Link 2

3  Project Effectiveness - ondl
Stability of Power Supply

Reduced power flow
toward northern area

with 2.4GW direct access to
northern(metropolitan) area

The larger the total grid, the larger
the renewable energy accommodation

Increased grid reliability through
overcoming of “Grid Island”

source : KEPCO, KEEI 10
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Social Benefit

3  Project Effectiveness - x

» Price reduction effect with
low-cost generation
(EU saves annual generation
costs €2bn to 5bn in 2030)

» Elevated Cooperative Tie
among Northeast Asia
(Effectiveness of Energy
Swap)

Energy S
gy Swap » Technical development and

Creation of jobs

source : WEC, ENTSO-e 11

Inter-governmental Support

» Enhanced cross-country reliability of Northeast Asia

» Establishment of inter-governmental commission

.

ENTSO-e(Europe) ASEAN(Southeast Asia) ECOWAS (Southwest Africa)

=§ 5 s 5

T v s

source : ENTSO-e, ASEAN, ECOWAS 12
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Co-developing Renewable Energy

» Renewable Energy Development of Gobi Desert
» Interconnection between China and Mongolia

Wind in Gobi ... €l°baldiis | Solar in Gobi

Wind : more than 8m/s Solar : 270-300 sunny days in a year,
4.3-4.7 kWh/meter or higher per day

source : Mongolia government

13

Revision of Law and Regulation

First Business in Korea
First Definition in Korean law

Electric Utility Act & KEPCO Act

» Oversea power supplier
New » Cross-border interconnection business
Definition ~ » Expansion of transmission line concept
» Legal basis of PPA contract

Prior Assignment for Interconnection Business

source : KEPCO
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Thank you
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Status and Challenges for Global Power Grid

Interconnection

Global Energy Interconnection Development and
Cooperation Organization (GEIDCO)

Korea
Sept. 18, 2019

7 Global Energy Interconnection

Development and Cooperation Organization

.- GEIDCO 7 SHIENERARANS

» Established: March, 2016

» Mission: Promote Global Energy Interconnection (GEI) to meet the global
energy and power demand with clean and green alternatives.




Global Energy Interconnection
i and Ci r

Z SHEFERMERAIFER

Contents

|. Status of Power Grid Interconnection
|I. Study on Global Energy Interconnection

IIl. Challenges and Initiatives

Global Energy Interconnection
i and Ci 0

7 SHEFERMERAIFER

I- Global Power Grid

2016

« Electricity demand: 22.2 trillion kWh, about 3000 kWh per capita

+ Installed generation capacity: 6.49 billion kW, thermal generation: 61%
+ Transnational transacted electricity: 765 billion kWh

+ Transmission line length: > 2.8 million km

36 FAS Silet Fzihielol oj2h



Global Energy Interconnection
i and Ci r

N | Europe /) SHiRERRARARAR -

Power grids are interconnected in Europe to e
promote closer cooperation to support the o
implementation of EU energy policy and achieve 7 3
Europe's energy and climate policy objectives.

By the early 20th century, most countries built their
power grids.
4

1920s to the 1960s, cross-border network received
more and more attention.

4
1970s to the late 1990s, the interconnection scale
further expanded and formed the European continent
unified synchronous network comprising 24 countries.

$
Now, the ENTSOE-E cover 36 countries, including the
world's largest interconnected cross-border power grid.

Diagram of Power Grid Interconnection in Europe

F-.

Global Energy Interconnection
i an

l- North America Z S RERARARR

Along with synchronous interconnection, the power grid capabilities are
enhanced in terms of mutual support and backup between hydropower and
thermal generation sectors, and between wet and dry periods.

By the early 1900s, isolated AC systems were
formed according to the load and power supply
requirements.

$

1920s to the early 1960s, isolated systems began
to interconnect across the states and borders.

4
By the 1980s, four synchronous power grid were
in operation, including the eastern, western, Texas
and Quebec power grids.




Global Energy Interconnection
i and i 0

N | Subregions /) suERERmERAaR

With the regional economic integration accelerating, regional power grids are
gradually achieved to ensure adequate power supply, reduce investment and
operating cost, and obtain benefits of power grid interconnection.

o

Z SHEFERMERAIFER

Global Energy Interconnection
i and Coop

Driving Forces for Grid Interconnection
' :

Although the structure of a grid is closely related to energy resources
distribution, electric power balance manner, and political system, etc., the way
of interconnection is chosen to expand grid scale.

» Meet electricity demand requirement

» Uneven distribution of energy resources

» Diversification of power supply & a dynamic capacity
» Regional economic integration

» Promote competitive power trading and pooling policies

38 HAS Silet Fzihlelol oj2y



Global Energy Interconnection
i and Ci 0

Z SHEFERMERAIFER

Contents

|. Status of Power Grid Interconnection
II. Study on Global Energy Interconnection

IIl. Challenges and Initiatives

Global Energy Interconnection
i and Caop

N | Sustainable Development

» The Paris Agreement on climate change

» The core of sustainable development lies in
clean development

GO, enigshon sluclue

Gz epaion siuchurs Electrlcity Rﬁplaeement

Variation of Atmospheric Concentration of CO2  Compositions of Global Greenhouse Gases Emission in 2014
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Global Energy Interconnection
i and Ci (

I- The Essence of GEI

Z SHEEERRERAMAR

GEl is a modern energy system featuring higher proportion of clean energy

integration, global energy dispatch and allocation, and smarter, more robust
and reliable power network with higher electrification level.

Smart grid + UHV grid + Clean energy

Priority

Foundatior

10

Constructing GEI ey
' ?

Z SHEEERRERAMAR

Main Procedure:
Demand---Resource---Generation---Power Exchange Direction & Scale -
---Interconnection Scheme-—Investment---Benefit
» Globalwind and solar energy resources are abundant but not evenly distributed.
» Wind and solar power are intermittent and fluctuating. The large-scale exploitation,
allocation and efficient utilization of clean energy resources worldwide shall be achieved
only by integrating clean energy generation into a globally interconnected grid.

~ \
/ 7 L *
A et q |
) B -

7

Legrut

Ayl e Faiion linity (AT
T LIE TRU IS I 19 21K EI 250 52K

Global Distribution of Wind Energy Resources Global Distribution of Solar Energy Resources

11
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Global Energy Inferconnection
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» Northeast Asia

Lurya Rivas |rpdromoies .
. -ﬂ__f'm-un Sea il srmgy
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.- Research Reports

Global Energy intsrcanm

Action Plan
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Global Energy Interconnection

and Coop Or

Z SHERERAERA AR

Contents

|. Status of Power Grid Interconnection
|I. Study on Global Energy Interconnection

lll. Challenges and Initiatives

Global Energy Interconnection

and Coop 0

N Challenges /) suemmeRRRatan

Electricity is an inherently strategic commodity and the efforts to engage in deep
integrated trading thus faces political, regulatory, technical, and economic/financial
challenges

How to establish GEI
specification  and
standard based on
power grid
interconnection
safety and operation
efficiency, which will
be used to guide
technology from
power grid planning
fo operation in the
future.
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Global Energy Interconnection
Development and Cooperation Organization

.- Initiatives /) SHiRERRARARAR
Jointly Promoting planning coordination Jointly Promoting Technological Innovation
Give full play to the leading role of the government, to Give full play to the advantages of universities and scientific
strengthen policy support, jointly conduct planning research institutions, to strengthen cooperation in areas
studies, incorporate planning results into sustainable such as large-capacity submarine cables, VSC-HVDC,
energy development plans of various countries, high-efficiency clean power generation technology, fostering
promoting and accelerating cross-border energy and innovative breakthroughs.

power interconnection.

Jointly Promoting Project Implementation Jointly Promoting Mechanism Construction
Give full play to the role of energy enterprises and Give full play to the coordination role of international
financial institutions to innovate business models, and and regional organizations, to promote greater
promote the construction of a number of clean energy and cooperation among countries, establish bilateral and
cross-horder interconnection projects with high economic multilateral cooperation mechanisms such as project
efficiency and good demonstration effect, so as to bring development, electricity market and power grid
project implementation as soon as possible. operation, achieving coordinated development.

20

Creating a Better Future for Sustainable Regional Economic,
Social and Environment Development

21
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Energy Policy of Germany

before and after unification

Dr. Mark B. M. Suh
International Council
Pugwash Conferences on Science and World Affairs

2019 Future E Forum, Seoul, 18. 9. 2019

Germany
1945-1949 e

4 Military Zones:
American,

British, French
and Soviet Zones

Germany ofter the Second World War, Sept1, 1845

£

wt union




German 1990-present .
16 Independent States
form the Federal Republic
of Germany

A Livchtensivin
Switzerland Iy

West German Energy System, 1949-
1990

* Free Market oriented Energy System
* Based on Coal and Nuclear Power Plants

« Strong economy and growing demand for stable energy
supply

« Strong Nuclear industry: growing resistance against it after
the Chernobyl(1986) and Fukushima(2011) accidents

* All nuclear power plants will stop operation by 2023
* Enormous problems with the nuclear waste, still unresolved
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East German Energy System, 1949-1990

* Centrally planned and controlled system

» Cooperated only with the Soviet Union and other socialist
countries

» Based on Brown Coal and conventional energy sources
» Serious environmental damages and pollution

« Chronic shortages of electricity and heavy pollution, unstable
but cheap

« Sought technical Cooperation with West Germany to reduce
pollution in the 1980s

Energy Cooperation of East and West
Germany, 1989.11-1990.2

* East and West German governments started to liberalize East
German Energy market from 1 November1989 to February
1990 and decided to abandon the East German Energy
System

* From February 1990 German government decided to
integrate East German system into the West German Energy
System and focused on solving mainly serious environmental
problems

g E 3 =Y SYIY0| AMAStE HEAIS BES
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Privatization of East German Energy
Market

« Two Germanies agreed in June 1990 that West German companies
Preussen Elektra, Bayernwerk and RWE will provide electricity to
East Germany. Already in January 1991 these three companies
owned 75% of East Geman energy market and the remaining 25%
were also sold to West German utility companies.

* The Swedish Group Vattenfall is now dominating the North
Germany including Berlin, own many power plants including
nuclear reactors

* Former East Germany is now fully integrated in the German and
European Energy Market and enjoy stable supply and improved
environment

Energy Market after the Unification,
1990-1994

* Privatization by the Treuhandanstalt (Trusteeship Institution)
« all East German state enterprises and companies on sale

* Mostly bought by West German companies or investors
cheaply

* Privately owned and market oriented energy system like
Western Germany
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Dissolution of East Germany
(Treuhandanstalt),1990-1994

* 15102 State/public Enterprises: More than 4 Million workers employed
* More than 2,22 Mio. Ha farmland
« Some 2,07 Mio Ha. Forestland

* 1990. 2: East German authority estimated some 130 billion E Mark
* 1990.10: West German authority estimated some 60 billion W. Mark

* When Treuhandanstalt took over on July 1,1990 all enterprises had total
270 billion Mark debts

« Until 1994 some 14000 enterprises were privatized and Treuhandanstalt
was dissolved

* In 1995 were some 3.3 million unemployed in former East Germany

Energy Supply Line from West to East,
1991-

/ Wolmirstedt

Helmsiedt J{I
PreussenElekira , -
" Vieselbach

Bewag
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Renewable Energy Revolution

* The Renewable Energy Sources Act (Erneuerbare-Energien-Gesetz; EEG) 2014

* EEG promotes the development of energy generated from renewable
resources.

» The proportion of renewable energy in the electricity supply is to be increased
{0 at least 65% by 2030 9y Y supply

» 2050: Independent Energy Sources, Renewables

» To save the environment and to stop Climate Change

* Final Goal: Creation of the European Energy Union

» Challenges: Long and difficult Process

» Some people in Germany and a few countries are against it

* Energy Revolution made Germany already strong and independent: Other
countries should follow and maké Europé strong and independent

Energy Transition in Process

* Germany has been the global pioneer in applying renewable energy
and environmental technologies.

* The energy transition continues to be an mtegralzoart of Germany's
energy laridscape with ambitious qoals to cut"CO2 emissions by 60%
and increase the share of renewable energy in total energy
consumption to 80% by 2050,

* Investments in offshore wind, photovoltaics, grid expansion and energy
storage projects are expanding

« implementatjon of a new, smart energy infrastructure needed to
balance the fluctuating supply of renéwable sources.

* Energy efficiency and saving will play a central role.
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Renewable Energy in Germany
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Energy Transition in Progress
2015-2050

» Gradually switching to renewables up to 80% by 2050
* At present about 40% are from renewable sources
* More needs to done: strong pressure from the public

« Al remaining 8 nuclear power plants are scheduled to shut
down by 2022

» Electric companies are suing the government for billions
Euros compensation

« All coal fired power stations are planned to be closed before
2037: depend on political decision and demand for new jobs
in the mining region
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Networks

existing extra- ; e -
high vgltage ® "eﬁ SN ‘L]f_ o] T
GRID-35000km P B
Optimization of R L T e W
existing lines- 2 DT '

3100 km (|

new construction- R B e
1800-2550 km T

&

Russian Natural Gas pipelines: A Solution to
the European Energy and Environmental

Problem?
* Nord Stream 1
* Russia and Germany agreed on the project in 2006
* Russia provides Gas to Germany through Nord Stream 1 since 2011

* Nord Stream 2 to be completed in November 2019
* Russian Gas will help Germany to achieve its Energiewende goals

* Natural Gas: Clean and efficient energy source

* The US and France are against it; US hopes to provide LPG to
Europe

* Germany will make Europe dependent on Russia
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Nord Stream 1 and 2

OWBORG

Saint Petersbur
o 9

(o]
UST-LUGA

GREIFSWALD 5

Russian Natural Gas Promises

* Nord Stream 1 and 2 will supply 110 billion cubic
meters annually to Europe

* Europe can reduce CO2 emission by 40%
* Cheap and clean, but political risk?
* Would American LPG be safer or cheaper?

* Germany is not worried about dependency and
political risks

g E 3 =Y SYIY0| AMAStE HEAIS BES
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Building A European Energy Network

» Creation of the European Energy Union envisioned: 27
member states are already interconnected

* Cheaper and stable green energy supply should be fostered
and guaranteed

» European Energy Market price need be stabilized

» Constructing of 7000 km extra-high voltage grid is moving
slowly, due to too many law suites, high costs making green
energy expensive

* In order to protect environment and climate change the
energy transition is urgent and necessary

Future Energy Strategy of Germany

* To create the European Energy Union for sustainable green

energy supply

» Utilize Excess Energy: Use to pump water to the mountain in
Norway and run Hydropower plants in the evening:
underwater cable is already constructed

* Produce solar energy in Spain or Africa and connect to the
European networks: some pilot projects in deserts of Spain
and Northern Africa

* To store excess electricity in batteries: big battery houses are
being built in former mining areas
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Extra-Voltage
Grid lines in
construction

and in Operation

Das deutsche Hochstspannungsnetz

Bestehendes Netz

360 Kilovalt
220 Kitovel!

== geplante Stromirassen
gemif EnLAG -

o+ Stromrichterstationen,
Umspannwerke

() Stadle

Netsbetraiber — =
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o Tennet

% 23 =Y SYIH0| AAskE HEAE B#ES 59






=0F H5AS GAR
A

O st

0] 8 8
(LSAHE AR






Northeast Asia(NEA) Super-Grid and Its Effects on Industry ‘

Contents

1. NEA Super-Grid
2. LSIS Technology
3. HVDC in Korea
4. Suggestions

Dr. Hahk Sung Lee
cTo & Ccho
of LSIS

2019.09.18

NEA Super Grid

Power Trading Begins in NEA




1. Power Systems in NEA

“No Grid Interconnection Among C-K-J”

I, Status of NEA I Rest of the World

China, lapan, Korea

Ref: Dr. G.5. Jang, 2018 Super-Grid Farum in Gwanglu

Futuref£ 20° 324 LSis
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2. Renewable Energy Resources vs. Power Demand in NEA

 Separation and Long Distance between
the RES site and Load Center

Ref: Dr. G.5. Jang, 2018 Super-Grid Farum in Gwanglu

—
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3. NEA Super-Grid

Constraint®

!

2019
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LSis

is ready for the DC Grid Business




@ Classifications of DC

DC Grid solutions in HVDC, MVDC and LVDC.

(Provided by LSIS)

1500Vdc

{z750Vdc)

-

Class LVDC MVDC HVDC
Voltage 0.1~1.5 [kV] 1.5 ~ 100 [kV] 100 ~ 800[kV]
B Micro-Grid, High Power,
Sppiciiaa Digital Center Renewable Energy Interconnection
Bower Statione HVAC MVAC LVAC
Ao R N
P-to-P 380/220V ’0, ﬁ',
B-to-B "
25.000Vdac

@ @Elh 1500Vdc

KTX

380Vdc S
E /‘ Subway
o ~1500vdc @y
S ogme [OBEF e
EV
IDC - .
J e g~
Future €27, o LSS

€ LCC HVDC Configuration Diagram

Smomﬁlng Reactor

Thyristor Valve

I A- AC Grid
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Converter Transformel

System Control & Protection

| 12 pulse converter |

(System Design, Commissioning)

(Provided by LSIS)
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LCC: Line-Commutated Converter
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4 VSC HVDC Block Diagram
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VSL: Voltage Sourced Converter
2019 i
Futuref Forum 9124 '5 Is

@ LSIS Technology

HVDC#2 ¢ HVDC#
DC +250kY 400M b DC +180kY 300MW
HVEC Pilat

DC +B0KY 50MW +

(Pilot Project of LCC HVDC)

Converter Station \

= Erection of converter station
« Bi-pole operation (DC +80kV/60MW)

Replacement )

+ Replacement of Valve, VBE and C&P panels
- Mano-pole operation (DC + 80kV/30MW)

LSIS C&P (Contral & Protectiont

2019
FI.ItLII'EF Forum
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¢ LSIS Technology (Valves of LSIS)

DC500kV
LCC HVDC Valve

LCC HVDC
60MW = 500MW rating
VSC HVDC

S50MW - 500MW rating

FACTS
~100Mvar— 675Mvar rating

FACTS: Flexible AC Transmission System,
SVC: Satic Var Compensator,
MBAC: Modular Multileve! Converter

300Mvar
MMC Valve

2019
Future£72%° 1124

LSis

¢ LSIS Technology (Control Platform of LSIS)

control and protection(C&P) platform for LCC HVDC, VSC HVDC and FACTS

C&P system

» Three layers structure: operation level, control level, field level
« Full redundancy system and high speed transfer in case of critical problems ( less than 1ms )

Station B C&P System

Station A C&P System

Station A'SCADA System Station B SCADA System

\

Real Thme aT.e simulator Contral & Protection / SCAA: Superdsory Cantred And Data foquisition

J

2019
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€ LSIS Technology

Danglin MP#1 HVDC PJT
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€ LSIS Technology

LS can provide a Total Solutions for MVDC.

- MMC Valve, DC System Design, Control Platform, MG EMS and Hybrid DC Circuit Breaker.

MMC Valve

= Ratings: Up to 300MW
* Building type

» Container type

= Applicable
STATCOM

for HYDC and

STATCOM: Static Synchronous Compensator, MG: Micoo Grid, MYDC: Medium Yoltage DC, EMS: Energy Management System

Futuref

2019
Forum

System Design

+ MVDC System

- Valve/Transformer
- Control Platform

- System Design

{ MVDC Solutions)

EMS

+ Micro-Grid EMS
- Campus MG
- Island DC MG

LSis

14 124
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¢ LSIS Technology (DC Circuit Breaker)

» LS has a DC80kV Hybrid DC Circuit Breaker
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= Transition time from FS to Solid Switch ; 1.5ms @ 8kA
Breaking time : about 2ms

= Max. TV :114kyY

= Breaking Current : 8kA

" b k i ¥

Future€ 20 15124 LSS
¢ LSIS Technology (SVC)

Site: Shin-Je-Cheon Sub-Stattion
Power rating: -225Mvar ~ +675MVar

Future€ 20, LSis
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& LSIS Technology ( Shin-Je-Cheon SVC site)

Shin-Je-Cheon Site, Korea

Future€ 22 17124 LSis

& LSIS Technology (MMC STATCOM)

Class 1=t Generation MMC Valve 2™ Generation MMC Valve

Picture

= System power rating: 300MVar ~ S00MVar

= Sub-module DC voltage: 2400V

Upgrade | = Reliability: ultrafast bypass switching speed : less than 2.6ms
v Safety: explosion-proof design

= Easy maintenance: Sliding Connection to DC Capacitor

Future€ 22 18124 LSis




€ LSIS Technology

(MMC STATCOM Test)

MMC: Modular Multilevel Converter

2019
Future£72%°
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4 HVDC in Korea

Two LCC HVDC are operating.
LS developed a 60 MW Pilot HVDC at 2014.
LS is supplying Valve, Converter Transformer and C&P to Dangjin PJT and EP PJT.

Jeju #1 300MW 1998 Areva
Jeju #2 a00MW  LCC 2013 Alstom

Jeju #3 200MW  VsC 2021 ABB

Jeju Pilot 6OMW  Lcc 2014 Lsis
Dangjin MP1  1500MW  LCC 2021 GE-+LSIS
Dangjin MP2  1500MW  LCC 2023 GE-+LSIS
EP #1 a00MW  LCC 2022 GE-+LSIS

EP #2 4000MW  LCC TBD TBD

Future£72%° 20124

LSis
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€ Recent HVDC PJT in Korea

(Converter Transformer supplied by L)

Danglin MP#1 HVDC PJT

s afas ﬂ‘.ﬂ a
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¢ Recent HVDC PJT in Korea {LCC Valve supplied by LSIS)
Danglin MP#1 HVDC PJT
7 . -1 'ARREREL 3l Damping Capacitors
di/dtreacto L7 Iy

i§ Damping Resistors

Thyristor Clamped Assembly
- Clamping Force 135kN
(App.15T) for 5" Thyristor

| Gate Electronics

Valve Module

Valve Tower

2019
Fl,ltLll'EG Forum

22124

LSis
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4 Recent HVDC PJT in Korea (Control & Protection supplied by LSIS)

Danglin MP#1 HVDC PJT

Control & Protection

Future€ 20, LSis

4. Suggestions

1. Grid interconnections between country are absolutely necessary for the
power and energy trading and the optimum use of electrical energy.
HVDC is critical system for the grid interconnection.

2. Government should keep to support KEPCO and company to develop
HVDC system. It requires a huge investment, and takes a long time to
develop HVDC system.

3. For the localization of the HVDC technology, KEPCO or Government
should increase the supply scope of local company in HVDC system
through the bidding process.

Future€ 270, 2128 LSis

74 HAS oAt HjARiol Oj2y



& T 4 SSOF MAS A} MYA Tgsn 75






Magnus Callavik
(ABB Sifang Power System ARX)






OR. MAGNUS CALLAVIK, ABB POWER GRIDS, GRID INTEGRATION, HVDC

European Power Grids Interconnections
Outlook of VSC-HVDC applications and technologies

Future E Forum, South Korea, 2019—Sep—18
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1893 - ABB starts

providing power to 2010 - 2013

the mining industry

=

HVDC history The O
A proven track record of innovation

Future

Enabling grids
of the future

Whereit

e I T & i J

2014 —2017—

1928 - Br Una Lamm The workf's first Hybrid HVDC Breaker, sokving  Complete 1,100 kY VSC HVDC highest Global Rapid Response
Ui 800 kVUHVDCHnk  al00-yearold technology UHVDC system performance ever -3,000  Centers, AR andVR enabled

zevg:g 1?::;/?:? at Xiangjiaba- puzzke enablingthe DC-grids  developed. MW, 640 kv, 2,000 km and with enhanced Cybar

S Wedon ! Shanghai, China of thefuture. Security

= o 3 i 4

007
1954 —— 1950s —— 1970s —— 1997 —— 2000s — 2007
The world's first Corrective maintanance Thyristor semicenductor The world's first First Lang Term Borwin 1 - first
commercial HVDC fink and phone support valves replaced VSC HYDCinstallation Senvice Agreements offshore wind project
at Gotland, Sweden services started Mercury arc vahes

ABB




ABB has delivered around 70% of
worldwide VSC converters

& Martime link
Mackinac . L]
L Croas Sound

EaglePass —~— = #

* Inoperation
* Under construction
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HVDC in operation orunder construction to date e—e

European Energy Policy drive interconnection and renewable integration

Market need excellence in Technology & Project execution of low-loss long transmission
connections over sea and land, in-between unsynchronized network

HVDC planned or under discussion +—e
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European energy policy and interconnector targets
HVDC links in active development. HVDC is key enabler for integration of energy markets

Most active HVDC projects in development e—e _a — n
Key applications 2
- Many Offshore wind projects in Germany & UK \\
- Many Interconnectors under development
- Large DCin AC links in Germany ’Q .."" !
- One common market nevertheless with occasional high % =
price differences between regions and countries .‘i
- Too low cross border transmission capacity vs peak \ H\ &
load due to history and geographical constraints / R —
- Too low export interconnection capacity vsexcess I ﬂ & < \
renewable generation capacity < o
- Transmission is most competitive compared with / e
excess generation and/or large scale storage I \ P \ L (I
—

A

Our customer’s applications drive our offering
In all HVDC Applications, HVDC Light is the dominating technology in new projects except bulk power

= >

Interconnecting grids Offshore wind connections

Power from shore City center infeed Connecting remote loads Upgrades / Life cycle services

Al




Integrating Renewables

Re-balancing power Offshore Wind Connections

HVDC systems at the heart of the energy transformation

Compact and Efficient Connection

Energy corridors, e.g. Germany Offshore Wind installed base to grow 16%
until 2030, from 17GW to 115GW installed

"&' iy
Mainly UK, DE, DK, with

growth in FR, PL,..

2015 -11.2 GW
2020-24.4 GW

| 3
b

Mainland CN with fast
growth as of '18.
KR, TW and 1P

emerging
2015-11GW

2020- 9.6 GW
2025- 46 GW

Up to 2GW of power connected with one
HVDC station

WO

ABB

Example of HVDC Light installations

Troll Power from Shore (INorwy, 2015)

=,

Al
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DC in AC Grid - Case study
Caithness Moray - Scotland
Strengthening Northern Scottish power network for
rapid growth in renewable generation

Dynamic voltage support during steady state and
disturbances

1,200 MW  Multi-terminal design
320 kv mmz;n’:rsaﬁnnmms‘mm-wmnms . : - Eig‘_cr,_ﬁ;t_f_ilat"\LDKc

160 km

CIM HVDC Link Performance to date - ; Scottish & Southern

Key facts
— 320 kV HVDC Light converter stations
— Sea & Land Cable connections

- DC link in synchronized AC grid

oltage at first day in operation

SABRE Courtesy:
Scottish & Southem Electricity Networks > =

There is a place for everyone - DC vs. storage
Helping supply to meet demand in a decarbonized world

Storage within a region vs. Interconnecting two regions Optimal Mix

Fraction of Storage vs.
Interconnection

Transmission distances

Storage is preferred

Technology preference

oase ABB




Operational constraints in AC grids

I I Stable operating
£ IR 9 area
E g IIIIIII I 3
- 3
i z

PMW)

Current [imits

Voltage limits

current lin

©ABs

Operational constraints in AC grids
... and how HVDC helps
| !
R s y Uk Stable operating
2 - R 71 area
8 E IIIIII I+| : o
2 R TS

HVDC
AC
=
=
=
=
; &
=
Moo
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HVDC value chain and project phases - from AC to DC
Bipole and monopole footprint and layout example

Main circuitequipment 3,600 MW, £640 kV

2,800 MW, £500 kV

AC equipment ﬁlﬁ q
Transformers ; %‘%
ACVYard ) :

Valve hall
Control building
Cooling

M e g i B

DC switch-yard

HH

MACH™.- Closed loop control

Flexible hardware solution, with adaptive control code and modular base design

ABB Ability™ ) /f electronics

Conditional Manitoring
Remote Service

SCM <:> cap

Station Control &
Maonitoring

+  Typically 10,000 - 40,000 I/0

+  C&P resolution between
microseconds to minutes
160 Gflops (floating point ops/s)

Valve

...‘\v-..

n s

W V.




Availability of ABBs VSC systems
Present VSC systems offered at 98.5% availability

Key design focus since 1994 Achieved availability during warranty in early projects

+  Design philosophy similar to LLC systems —valve
with designed redundancy prevent forced outages 100.0%

99.5%
+ Integrated system and valve design secure correct
margins 99.0%

98.5%
*  Focus on maintenance and spare part strategy

integrated in the product 98.0%

97.5%
+  Transmission-type StakPak IGBT optimized with

heatsink, cell capacitor and cell electronics as one 97.0%
unit
96.5%

3 4 5 5] T 8 9

Project #

HH

Concluding remarks

—Interconnections in Europe are market-driven tofacilitate
energy trade and balance renewable generation with load

- HVDC is technology of choice due to long distance, marine
connections, unsynchronized network and its ability to support
the network quality beyond energy transmission

—Mainly VSC-HVDC in European projects around 900-1400 MW
VSC-HVDC; globally up to 5 GW. For UHVDC above 5 GW, LCC-
HVDC is still the technology of choice

—VSC-HVDC Grids start to emerge, showing the potential of large
integration of remote intermittentrenewable energy

- Digitalization and advanced control further enhance HVDC
control, protection and monitoring

Lower losses, more power per square meter and
ever increasing power

Al
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Projects delivered
Majority of projects over 60 years

(—* North America

+ CU Upgrade
+ MaritimeLink

+ Pacific Intertie Expansion + McNeil

* Intermountain

9
+ Madawaska Upgrade
+ CeliloUpgrade

- RailroadDC Tile

+ Oklaurion

+ Mackinac

+ IPP Upgra de

* Blackwater

+ Outaouais

+ Eagle Pass
* Quebec -New England

+ Madawaska

* Highgate

+ Chateauguay

+ Cusproject

* NelsonRiver2

« Square Butte

« EelRiver

+ Pacificintertie

* Vancouverisland Pole 1

(—* Europe

(—* South America

 Rio Ma deira Ba cketo-back
 Rio Madeira
 Brazil-Argentina

* Interconnection & Il

+ Itaipu

(—* Africa

*+ g =Kabw ol Lograde
+ Cahora B3 g3, Sange.

*+ CapriviLink

* Agolio bpgra de

g =Raiw el

+ Cahors Basss

Project executed by ABB

+ North-sea Link + Aland

+ Nordiink + Nordbalt

* IFA2 « Litpol Link

* KriegersFlak Cgs + EastWest

+ Johan Svedrup * Interconnector

- GotlandUpgrade - Sap

+ Caithness-Moray  + Valhall
+ Kontek Upgrade + Norned

+ Troll 182,384 « Estlink

+ Borwin1 * Italy-Greece
* Dolwin1,2  Tjzreborg

+ Wien-Su
- iimrohr

+ swepal
 GotlandLight

* Hiillsjén

* Kontek

+ BalticCable

+ Fennoskan1&2
+ Diimohr

+ Skagemak1-38.4
+ Gotland1-3

+ Kontiskan

« English Channel

connector

+ Changji-Guquan
+ Raigarh-Pugalur
* NorthEast Agra

s+ Jinping - Sunan

Asia iinber-tiaoning

+ Qinghai-Tibet

+ Yunnan-Guangxi

+ Lingboa liExtension

+ Xiangjia ba = Shanghai

* Three Gorges - Shanghai

* VizagLi

+ Three Gorges - Guangdong

+ Three Gorges - Changzhou

* Xiluodu-Zhexi

+ Hami-Zhengzhou

+ Lingzhou-Sha oxing

+ Yinbei-Nanfing

* Yuguan-Hunan

+ Shanghaimiao-Shandong

* Ximeng-Taizhou

+ Dianxibei-Guangdong

+ Zhalute-Qingzhou

+ Chapad

* Rihand-Delhi

+ Gezhouba - Shanghai

« Vindyachai

* Sakuma

+ Champa -Kurukshetra 1/2

ngoei

Tiansh

+ Wudongde-Guar

GL

—— Australia and Oceania

Braken i 1
Mirrapie
Girectling

Leyteuzen
= NewZealerd 142

ABB

plier

uangxi
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European Power System Interconnection
&
Strategy for NAPSI
Northeast Asia Power System Interconnection

Philippe LIENHART
EDF Electricité de France
Team Leader of ADB Strategy for NAPSI
Future E Forum
September 18th, 2019
The National Assembly, Seoul, Republic of Korea

~'~eDF
s Summary

1. Short presentation of EDF

2. European Power System Interconnection
Main features
Lessons learnt

3. Strategy for Northeast Asia Power System
Interconnection
Renewable energy in Mongolia
NEA Electricity Market
Interconnection infrastructure
Need of strong coordination among NEA countries
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EDF Group: a Responsible Industrial Firm

with corporate social responsibility goals

1 Low carbon policy

Go beyond the requirements of the 2 °C
trajectory set by COP21 by drastically reducing
our

CO, emissions. C
Zg/kWh 0@

2 Respect for people

Integrate best practice in the way we develop our
people: health and safety, gender diversity and
internal development.

3 Responsibility

Offer all vulnerable people information about

and support with energy use and energy benefits.

4 Innovation

Innovate through digital energy efficiency
solutions to enable all customers to use energy
better.

5 Concertation

Systematically organise a process of transparent
and open dialogue and consultation for every
new project around the world.

6 Environment
roach to biodi
iding and r

in the

Launch a pos

i

1iversity.

ct on bioc

39.8 millions 160 000 €69billions 584TWh

customers worldwide employees

sales electricity generation

Strategy for MAFS| Korea Fariameant in Seoul on September 18, 2019

EDF is the largest exporter of electricity in Europe

through interconnections

(40)

Export / Import in 2016

(X295,
FRA |SE NO NDL GBR POL DK SLO HUN IRL RTC sui ESP TA BeL h3R)
ey

France : main export country in Europe

Use rate of interconnectors by France: 77%

(Europe Average : 64%)
EDF branch Office in Brussels

EDF is a member of EU Stakeholder

Committee (feedback on Network Codes)

Importing
Country
Exporting
Country

Strategy for NAPS| Koraa Parbamant in Seoul on Septembor 18", 2018 4
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European Economic Community

A long time construction over the last 60 years

Number of Countries :

1957: 6

1973: 9

1981: 10
1986: 12
1995: 15
2004: 25
2007: 27
2013: 28

Strategy for MARS| Korea Pariament in Seoul on September 18, 2019

Europe Interconnection is larger than
Europe Economic Community

« 1 Market

- Divided into
5 Synchronous
Regions

- 36 countries

- 43 TSOs

Strategy for MARS| Korea Pariament in Seoul on September 18, 2019
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~ 5 €DF The 3 development phases of the European Interconnection
A long story of EDF contributions and adaptations

PHASE 1: 1956-2000 Common System Operation

Integration Goals: Harmonized Rules: EDF adaptation
+Exchanges of electricity «UCTE *Many Cross border OHL
+Grid Safety improvement -NORDEL *Submarine HVDC interco
«Cost Optimization -ETSOE with UK: IFA .
r
-

PHASE 2: Since 2000, EU Electricity Market

TRAIAtroduces desp changss: EU GRID CODES: EDF adaptation:

* Unbundling: 42 TSOs +ACER -Development of RES: EDF EN
« Private interconnections allowed  .gnTSOE -Reduction of coal-fired fleet

« Interconnections vs price zones -CORESO -Few new OCGTs & CCGTs

PHASE 3: EU Energy Policy, 20% of RES in 2020

Interconnections are Key Assets EDF adaptation:

« Intermittency Management « Interconnections more difficult

*More Flexibility to build in OHL: underground

*No RES Curtailment HVDC interconnector with
Spain INELFE

Strategy for NAPS| Korea Parliament in Secul on September 18, 2019

@
"; 5 EDF  The construction of European Economic Community
follows a legal process

A long run process that materializes Legal Integration

Treaties : Legally binding on EU member states on ratification and have
direct effect in areas which are within the competency of the EU.

Regulations: Have general application and are directly applicable in EU
member states. No national implementation legislation is required.
National governments are not required to ratify them to give effect.

Directives: Only bind EU member states in respect of the result to be
achieved and the deadline for implementation. National governments
choose the implementation means.

- Decisions: From the Council or the EC and used to give rulings on
specific matters, addressed to specified parties and have a
specified deadline for compliance. Decisions are binding on those
addressed.

- Recommendations/Opinions: From the EC and have no binding
legal force and are advisory.

-  Commission Communications: Not legally binding and are used
to express general or specific plans and work programs 8

tratagy for NAPS| Kates Patilamse

94 FAS it Fzhielol oj2h
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Existing Europe Interconnections

50 Interconnectors allowing 15% of Energy Exchange

NTC (MW)
0

— ] - 499
—— 500-999
= 1000-1499

— 3000-3499
— 3500

- 1500-1999
2000-2499
2500-2999

530 Millions of customers

310 000 km of transmission lines
Power: 1000 GW

Generation: 3000 TWh/year

+ Exchange: 500 TWh/year

Strategy for NAPS| Korea Parliament in Secul on September 18, 2019

[ ]
"; S EDF Europe Electricity Market was built through 3 Energy Packages

First
Energy Package

1996

The First Energy Package requires functional
separation (separate business) and sets guidelines
for transEuropean energy networks to integrate the
continent’s infrastructure

National Regulator Agencies
TSO — Unbundling
National Grid Codes
Wheeling Tariff
Eligible Consumers
Power spot Market

Second
Energy Package

2003

The Second Energy Package requires functional
and legal separation (separate businesses to be
held in separate companies) and sets the Cross-
Border Regulation

Target Market Model
Total and Free OTC market
10% of average
interconnection rate

Third
Energy Package

2009

The Third Energy Package requires functional,
legal and accounting unbundling and, in respect of
Transmission System Operators (TSOs) only,
ownership unbundling subject to certain permitted
exceptions. The Third Energy Package also
contains consumer protection measures including
transparent belling contract information and
assistance for vulnerable customers

Also sets the Cross-Border Regulation 2009
Network codes (European Grid Codes)

ACER Agency for the
Cooperation of Energy
Regulators

ENTSOE European Network
Transmission System
Operator for electricity

Strategy for NAPSI Korea Parilamant in Secul on September 184, 2019

10
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‘.‘quF The Legal process includes technical rules called:
L European Network Codes

Goals:

« Harmonization of National Grid Codes
» Consensus among the Market players and TSOs
« European Stakeholders Committee for continuous improvement

started in 2001

Connection Operations Market
Demand Connection Code Syztem Operations Capacity Allocation & Congestion Manzagement
High Voltage Direct Current Connections Emergency and Restorstion Forward Capacity Allocation
Requwements for Generators Elecinicity Balancing
Terat r s - v Cardtl an <ot " - P 11
"""‘eDF - :
%N The Clean Energy Policy for Climate Change

Current Clean Energy targets:

»2020 (adopted in 2009)

+20% cut in greenhouse gas emissions
(from 1990 levels)

+20% of EU energy from renewables
+20% improvement in energy efficiency

~»2030 (adopted in 2014)

«At least 40% cuts in greenhouse gas emissions
(from 1990 levels)

*At least 27% share for renewable energy

-At least 27% improvement in energy efficiency

Share of renewable energies in gross final energy consumption
in EU-28 countries in 2016 [in %).

HMEY
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12

Stratepy for NARSI Knrea Parilament in Seoul on September 18', 2019
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@
~ ~ €DF National Interconnection Grid Development are
coordinated by the Ten Years Network Development Plan

2030

48 to 58%

of Wi et mveene
by ranewshins  TYWOR
THTE sranans.

65 to 75% €114bn €2bn to 5bn

e Lt e waies e pessration
e

58-t0 156 TWh
T r

wn ptemal gria

@
& -
N €DF 2 Basic regimes for Interconnection in Europe
Regulated Private

Exempted from regulatory

Non discriminatory access ~ requirements
Private access for a limited

Revenue: fully regulated and period

controlled by Regulators
Revenue: free

With consumer underwriting Without consumer underwriting

Strategy for NAPSI Korea Parliament in Seoul on September 18, 2019
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‘5 "\‘EDF Project of Common Interest PCI can benefit grants
from European Union

North Sea
Off shore Grid

North South
Interconnection in
Western Europe

*PCl helps EU to achieve its energy policy, climate change goals and the long-term
decarbonisation of the economy in accordance with the Paris Agreement.

Baltic Energy
Market
Interconnection
Plan

North South
Interconnection in Central
Eastern and Southern
Europe

PCls may benefit from accelerated planning and permitting.
They also have the right to apply for funding from European Union.

Stratepy for NARS| Korea Parflament in Seoul on September 18Y, 2019
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"5 "\‘eDF In Europe, the exchange of electricity is free of
transmission charges

The main reason why this
methodology is successful and
efficient is that it is based on
the separation of 2 businesses :
« The Interconnection g::;‘:ﬁ:hpmn
service

* The Generation and
Exchange of
electricity between
countries

By this way, electricity remains *
cost effective even in the

importing country

No transmission tariff will be
added to generation cost

=

Stratepy for NAPS| Kprea Parilament in Seaoul on September 18, 201

A

Business 2
Interconnection service
Buy at price A

Sell at price B
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: ‘\. €DF | essons learnt from Europe Electrical Interconnections

+ The European Economic Community has been developing through legal
process that takes time for getting the consensus

« Europe Interconnection is larger than Europe Economic Community

+ Market Integration and Climate Change Policy was implemented
simultaneously since 2000

= Technical rules are discussed among the Market players and TSOs

+ The financing of interconnections can be completed by grants from European
Union under the condition they are eligible to Project of Common Interest

« The exchange of electricity is free of transmission charges

17

Strazepy for NARS] Knrea Parlzment in Seoul on September 18, 2019

L J
~ S EDF Introduction to Strategy for NAPSI
€02 from electricity generation (g/kwWh) Electricity output (GWh) Share of fossil fuels in electricity generation ()

1950 1995 2000 2005 2010 1930 2000 2010 1990 2000 2010
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Source : OECD
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Northeast Asia Mongolia

+25% of Global GDP + Central Key Position

*22% of Global population + Huge Potential in Wind and Solar RES
+40% of Global CO2 Emissions - Main Stake: Private investor attractiveness
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"“'eDF ADB TA-9001 MON:
LA Strategy for Northeast Asia Power System Interconnection

A coherent set of studies over the next 20 years regarding
Renewable Energy, Market and Grid developments for supporting
Mongolia State in the Northeast Asia interconnection discussions

Market &
Power
Trade

Renewable
generation

Interconnection

Grid
N&VATERRA
A 2-year Project handled by EDF with: & Exam
« Nova Terra in Mongolia EL T ETES L
« China EPRI State Grid Research Center NS
« In cooperation with PJSC ROSSETI m
Strategy for NAPS Kores Parfiamant in 3ecul on September 18'", 2019 POCLRTN 12
+‘~eDF - -
¢ N Workshops in NEA countries
WS1 in WS2 in WS3 in WS4 in WSS5 in
Ulaanbataar Gwangju Tokyo Beijing Ulaanbaatar
MONGOLIA KOREA JAPAN CHINA MONGOLIA
6/2017 11/2017 3/2018 10/2018 2/2019

P e S

The Final Workshop is scheduled late October in Seoul

Strategy for NAPSI Korea Parliament in Seoul on September 18", 2019 20
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Why interconnecting NEA countries?
The current situation

High differences
exist in retail and
industrial prices of

electricity

The NEA countries are developing renewable energies
for meeting the Paris agreement heading to carbon
neutrality in 2050

«China: World N°1 in Solar and Wind

*Korea: 40% of Renewable Energy by 2040

«Japan 22% - 24% of Renewable energy by 2030

Intermittency management
in isolated country requires
more flexibility which is
generally provided with
costly new fossil-fuel
generation units for backup

Fine dust are generated by the high proportion of coal-fired generation plants of the

NEA region and spread at long distances

Strategy for NAFS| Korea Parliameant in Secul on September 18, 2019
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[
- 5 EDF Mongolia: the abundant Solar and Wind potential is confirmed
and more important compared to the previous studies

The potential of Wind and Solar PV development in Mongolia is huge thanks to
. Outstanding wind resource (wind speed > 8 m/s)
. Good solar resource (Global Horizontal Irradiance GHI > 1700 kWh/m2)
. Numerous suitable areas
The results are much higher than previous potential assessment studies due to new wind and
solar technologies
The Wind and Solar PV potential capacity far exceeds the envisaged development Scenarios
for exportation within the next 20 years: +5GW, +10GW, +100GW

The best potential sites for wind and solar are situated in the same Southwest region close to
the direction of export toward China, Korea and Japan
The Solar and Wind energies produced in Mongolia are the most cost-effective of NEA region

A Solar = S

Best location
for Solar and Wind
are both situated in

Southeast/Gobi...

Strategyfor NAPS| Korea Parilamant in Secul on September 18'", 2019

...close to the direction
of exportation
22
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‘ eDF Market Assessment: Mongolia Solar and wind exportation

in NEA interconnection make sense economically

+ The interconnection will be cost-effective due to important differences in marginal costs
between the 5 involved countries

= The interconnection would already be cost-effective if it were existing today

= Solar and Wind power from Mongolia will replace fossil-fired electricity in the 4 other
countries

« Exporting the abundant Renewable Resources of Mongolia in Solar and Wind through the
future NEA Power System Interconnection (NAPSI) will help for cutting the CO2 emissions
of the region and meeting the Paris agreement

= W WEE N -

,,,,,

oo vow ] connestnd ot the COm

" T
(D) e

mm

r030: AOOGEW / BOCCTWR
0. IEN RES b Boegelie = 0LETWH

2036: 10GW
- HEE -

mm

China Wt
C8) ChineEas
WP ) Amssis Farfat

TOW capac ity Tor Korea, SCW foe lagan]

Lot ietns oo (BOGW capacity Tor Monnolie, GOGW lor Korea, DEGW for lapen)

Strategy for MARS| Korea Pariament in Seoul on September 18, 2019 23

5 EDF Grid Development assessment:
feasible with new HVDC technology

« The Interconnection Grid development among NEA region is feasible using new HVDC
High Voltage Direct Current technology for long distance overhead lines and submarine
cables

= Mongolia will require important Grid investment for upgrading the exportation capability

« The interconnection links must be connected close to huge power stations of main load
center to minimize the Environment impact of the power exchanges on the internal grids

+ The interconnection will improve the reliability of the 5 power systems that will bear
increasing volumes of intermittent power

Solar and Wind in Mongolia: 10b$ ‘

NEA Grid: 9,1b%

Strategy for MARS| Korea Pariament in Seoul on September 18, 2019 24
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t-‘- eDF A regional coordination is necessary
¢ % for implementing the NEA Power Trade

1. Political decision by NEA Chiefs of States
2. Implement a strong coordination among the MoE/Regulators of NEA Countries

3. Set up the yearly NEA Electricity Regulatory Forum with participation of national
regulatory authorities, Member State governments, TSOs, utilities, electricity traders,
clean energy and customer representatives

4. Creation of the NAPSI Platform Body in charge of
. Implementing the regional Regulations for Power Trade
. Developing new interconnectors
= Supervising Operation, maintenance and accounts

Co-operation between Countries,
Mutual assistance between Authorities
Fair competition between Players

&Mninl;anmc.c £ Suéz.i-;:an Ags';tthrr:?n&
Department nler
Strategy for MARS| Korea Pariament in Seoul on September 18, 2019 2:‘
‘q Conclusion
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The benefits brought by the NEA Interconnection

Energy producers with Price reduction following the importation of cheaper
energy and new profit for utilities and renewable exportation

Interconnection brings the necessary flexibility required for

. compensating the variability of Solar Power (day/night, clouds) and Wind power
with importation

. exporting renewable energies when Supply excesses Demand. No curtailment.
Interconnections replace more backup unit

Improvement of System Safety (less risk of blackout): the interconnections
brings the necessary help in case of System disturbances (ex: unit breakdowns)

Cheap Solar and Wind power from Mongolia will replace fossil-fuel
power plants and will help for cutting NEA CO2 emissions

A strong coordination between the Regulators/Ministers of Energy of the
NEA countries is required

The creation of a common NAPSI Platform Body where all NEA countries
are represented and work together is necessary

Strategy for NAPS] Kores Farliamant in Seoul o September 18, 2015

2 & 6. ADBO| SE0t TEMA Z2dE Xz 103



“ ~ €DF

Thank You for Your Attention
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