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Pacific Energy Research Centre (APERC)

» Supports the energy activities of APEC with:

o  Research, especially analysis of energy supply and demand in the
APEC Region;

o  Cooperative programs to promote energy efficiency, low-carbon
energy supply and emergency preparedness for energy security.

« Established in 1996 and funded by the Japanese government, based in
Tokyo.

 Currently has 20 researchers, including 15 visiting researchers from APEC

economies.

Current/Recent APERC Projects
*  Peer Review
«  Oil & Gas Security Exercises & Forums
*  APEC Energy Supply & Demand Outlook
* Independent Research Reports
*  Shale Gas Development

*  Geothermal Electricity Development

*  Quantitative Analysis of Potential Benefits
of Power Grid Interconnection in Northeast Asia

/~ APERC brochure (English)

APERC
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http://aperc.ieej.or.jp/brochure/pdf/brochure_en.pdf
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The Needs for a New Energy Palicy.on Grids

 Electricity trade is bringing various benefits to several parts of the world,
including Europe and ASEAN.

»  Due to current policies encouraging self-sufficiency, power grid
interconnection is very limited in Northeast Asia.

*  However, several recent events in the region have made regional power
interconnection more attractive in terms of promoting renewable energy and
enhancing resilience to emergency situations.

* Fukushima Dai-ichi nuclear accident in Japan (March 2011).
* Power shortage and rolling blackouts in Korea (September 2011).
* Low air quality in China over the past several years (Coal fired generation).

The needs for a new energy policy, oriented towards making electric supply more reliable,

with lower electricity costs and beneficial the environment c



International:Organization-and Platforms on Grids
in Northeast Asia
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Main: Goals

Quantitative Analysis of Potential Benefits of
Power Grid Interconnection in Northeast Asia Electric Power Grid

Interconnections
in the APEC Region

» Characterize power grids in four APEC
Economies: Russia, Korea, Japan and China Study by APERC in 2004

«  Show, that the policy, oriented on reaching
self-sufficiency in electricity supply is not
succeeded in 2004-2014

*  Provide the possible scenarios on creating
power grid interconnection in Northeast Asia

* Assess with GAMS modeling the economic
benefits of enhanced power grids in Northeast

. ELECTRIC POWER GRID
ASIa INTERCONNECTIONS IN
NORTH-EAST ASIA

« To provide the ways on overcoming existing ar
political and institutional barriers on creation Study by APERC in 2014

ASIA PACIFIC ENERGY RESEARCH CENTRE

power grid interconnection in Northeast Asia
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*  Foreword: Takato OJIMI, President, Asia Pacific Energy Research Centre (APERC)
*  Project Coordinator: Dmitry Sokolov (Russia)

*  Main contributors
Takashi Otsuki (Japan)
Aishah Binti Mohd Isa (Malaysia)
Dmitry Sokolov (Russia)
Brantley Thomas Liddle (USA)
Ralph D. Samuelson (USA)

« Participants to the Special Workshop on Power Grid Interconnection in APEC
Northeast Asia

Gao Shixian , Energy Research Institute, NDRC, (China)

Syaiful Ibrahim, Head of ASEAN Power Ultilities (HAPUA) (Indonesia)
Ichiro Kutani, Institute of Energy Economics, Japan (IEEJ) (Japan)
Kensuke Kanekiyo, Institute of Energy Economics, Japan (IEEJ) (Japan)
Ji Chul Ryu, Korea Energy Economics Institute (Korea)

Boris Saneev, Energy Systems Institute SB RAS (Russia)

Nawal Kamel, Chulalongkorn University (Thailand)



Proposed Concepts of Interconfiection in NEA

Several concepts of grid interconnection were proposed by several organizations,
including:

*  Energy Charter

- KEEL KERI and KEPCO(Korea)

»  Skolkovo, EN+, Energy Systems Institute SB RAS (Russia)

«  IEEJ, Softbank(Japan).

Proposed concepts (example):
Energy Charter | KEPCO (Korea)

- hhmk
3\ o8 R R
S P 5 o

Source: “Gobitech and Asian Super Grid for Source: “KEPCO’s Future Plans of
Renewable Energies in Northeast Asia”, Energy Northeast Asia Supergrid”’, KEPCO

Charter (2014) (June, 2014)



Installed Capacity'in:NEA beforé-Crises Events of 2011

Weak or no electric power grid interconnections in the Region of Northeast Asia

Far East
14GW

253GW

Map Source: Google Earth




Objective

B This study macroscopically examine the potential benefits of connecting

power grids in NEA™ region, using a multi-regional power system model
*NEA region in the study: North China grid, China northeast grid, Japan, Korea, Russia Fareast grid

Environmental

v CO2 emissions reduction by utilizing
wind/solar resource in Gobi desert
area and hydro resources in Eastern Russia,

etc

Economic
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Installed Capacity RE Potential
in NEA region (2010)

Source: Energy Charter(2014), IEA(2003), APERC(2014)

v" Cost saving by providing access to cheap electricity
v Enhancing resilience to power supply shortage, etc.
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Overview.of the'Model

Multi-regional Power System Model
* LP Model: Single Period Cost Optimization.
 Single year model.

* Representative hourly load curve for five

seasons are considered.
(Summer-Peak, Summer-Average, Winter-Peak,

¢

. . @ City Node Reqi Id \‘ K“
- gional disaggregation and
Winter-Average, Intermediate) A supplyNode assumed Interconnection route in
this study
Technology City Node
Object“,e Function » Coal-fired * China-North
. - * Gas-fired * China-Northeast
Min. System cost = Capital cost + Fuel cost + Oil-fired + Japan-Hokkaido
+ O&M cost + Carbon cost * Nudear * Japan-East
* Hydro * Japan-West
* Wind + Korea
. PV * Russia-Fareast
* Pumped Hydro Supply Node
« HV line/Cable * Gobi Desert Area

* Russia-Siberia
* Russia-Sakhalin
12



Constraints

Constraints
(e.g.) Electricity supply demand balance

Supply and demand are balanced based on hourly load curve for 5 season types

z XPp,s,t + Z Z(xtxr,l,s,t ’ TXEr,l - xtxr,l,s,t) + Z(Xdcr,st,s,t - xChr,st,s,t) = LOADs,t
P r 1 st

xp, s, - Output of power plant type p at time 7 in season s [MW]

xtx,; .. Transmitted power of line type / from region r at time ¢ in season s [MW]
xdc, , . - Electricity discharge of storage facility type st at time 7 in season s [MW]
xch,, . - Electricity charge of storage facility type st at time 7 in season s [MW]
TXE,, : transmission efficiency of line type / from region r

Ratio to Peak Load

=—Summer- Ave

= Winter-Ave
= Intermediate

B = Summer- Peak

= Winter-Peak

0 2 4 6 8 10 12 14 16 18

20 22

LOAD, : Electricity load at time ¢ in season s [MW] —
Other constraints
* Reserve margin constraint * Minimum output constraint for thermal power plant

* Load following constraint * Capacity additions constraint

* Max. availability constraint * Upper bound constraint for power imports, etc.

10



Simulation of NEA Grids in:2030% 4 scenarios

1. BAU scenario: No new grid interconnection.
2. OPT scenario: Grid interconnection allowed (Cost optimized).

3. ASG scenario: Proposed Gobitec/ASG transmission capacity+Cost
optimized,
50 GW PV and 50 GW wind in Gobi region

4. RES scenario: ASG scenario condition + additional hydro potential in
Russia.

<Upper bound constraint for power imports>

* In general, power importing economies need to be prepared for ~ nimp,. s+ < ORM,. - ELD;. ¢ ;
a sudden power supply interruption. ~~~ TTTTTUToT o o \ """"

. . T Net imports from other Electric Load
* In this study, net imports from other economies is limited to less  gconomy [Mw] [MW]

than operating reserve level of the importing region. Operating Reserve

* Simulations under different conditions (e.g. no upper bounds (6%~10%)
case) need to be investigated as a part of future work.
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Assumptions

Electricity Demand [TWh] in 2030
APEC Energy Demand & Supply Outlook 5t Edition (APERC).

Costs | -
Transmission line costs HV Line HV Cable
Power plant: IEA WEO 2013! etc. Station cost [S/kW/station] 270 70
HV line/cable: reviewed paper? and Line cost [$/kW/km] £704 2.4
' . Loss [%/thousand km] 5 5
APERC S assumptlons' Fixed O&M cost (ratio to "initial cost")/ 0.003 0.003
(] [ ] . . /
Fuel price in 2030: estimated from +500kV Bipole (3GW) Station cost: $210M/station?
export/import price and WEO NPS price. Line costs: $1.2M/km®b?

Carbon price: 30$/t-CO2.

1)M.P. Bahrman et al.: “The ABCs of HVDC Transmission Technologies”, IEEE,

2007

2)K Schaber et al.: “Transmission grid extensions for the integration of
variable renewable energies in Europe: Who benefits where?”, Energy
Policy, 2012

Concept of Gobitech/ASG? v
Install 50GW wind and 50GW solar in Gobi by 2030

China Japan Korea

T/L Ca pacl ty conneced to *Generation mix is based on 2030 BAU forecast.  NRE
81 10 5 *Japan: Scenario of phasing-out nuclear by 2030 & idear
ASG [GW]

3)“Gobitech and Asian Super Grid for Renewable
Energies in Northeast Asia”, Energy Charter15
(2014)



Assumptions(2)

Wind and PV hourly output pattern in Gobi area (for ASG and RES)
Estimated output pattern for each season from observation data reported in
NREL® and Zhao et al.” Average wind CF (5 station) is 23%, PV is 20%.

APR V= 5.9 P= 349 1.00

f_\g Average hourly wind output

O 0.80 T-pattern —

£ 0.60 )

\:4 ) - 0.40 //v\ \ o

o ,| eg Hourly wind speed — \ —Jul

2 at Sainshand in April 0.20 1 ——0ct

m [ . 1 ° 1

0 0.00 +rrrrrrr
0 4 8 12 16 20 24 1357 911131517192123
Hour
o e . . Hydro Power Resource of Russia
Adfiltlonal hydro resource in Rgssm (for RI?S) P T e m———
Estimated from economic potential reported in IEA®). - silion kwh/year 852

European Part and Urals: 162
=~ Morth and Morth-West regions 43
= Morth Caucosus 25
Eastern regions: 690
- Wast Siberig 4
~ East Siberia 350
- Far East 294

4)NREL: “Wind Energy Resource Atlas of Mongolia”, 2001

5)M Xhao et al.: “Testing and Analyzing of Solar Energy Resource Assessment in Inner Mongolia”, ICEIA,2009

6)IEA: “Renewables in Russia from opportunity to reality”, 2003 16
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Power Generation Mix and CO2 emissions

Power Generation Mix (2030) CO2 emissions (2030)
[TWh] Renewable [Gt-CO2]
] e = 3 76
4,000 @ Hydro | ;'.59 (;’1.5? (_23.1;5(9% ) 28
O l i ! ; il
3,000 - 9 éiiiii %555 V/
'BWind 2 -—ﬁi;i'. %;.Z / ]
woi on y"ﬁ
2000 - -
O Gas %E" 7 Z EE: /ﬂ
1 o o —
1,000 mCoal . ?EEE 7
O Nuclear ﬁii ﬁg % EH /
n /é
0 0 e e
BAU OPT ASG  RES BAU OPT ASG RES

m In OPT, grid interconnections allow Japan/Korea to access cheaper coal electricity from
China, and the share of coal-fired increases slightly, resulting in larger CO2 emissions.

B The share of renewables in BAU is about 12%. In ASG and RES, renewables account for
16% and 19%, respectively, and contribute to CO, emissions reduction by 3.7% and

7.2%.
18



Net electricity flow-[TWhy¥ear] in

BAU and OPT 'scenario

BAU scenario

OPT scenario

B In OPT, the major exporter to Japan and Korea is China due to the region’s
cheap electricity generating cost.

19



ASG scenario

Net electricity flow {TWh/year] it ASGiscenario

Supply-demand balance in Gobi

50,000

(Summer-average day)

[MW]

Elec. load (Zero) PV

Gobi -> Japan

/
Gobi -> Korea

B Most PV/wind electricity generated in the Gobi area is sent to China (57%), followed

by Japan (29%) then Korea (14%).

From the view point of cost-optimization, electricity from the Gobi desert is
primarily sent to regions with high electricity prices (like Japan and Korea). China,
which has a large demand, plays a role for absorbing large PV outputs during the

daytime.

24



Net electricity flow [TWh/year] im RES scenario

RES scenario T/L between Russia-FE and other regions
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\
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B Interconnection capacity between Russia and China/Korea expands under this
"Additional Hydro in Russia” scenario, and Russia largely exports to these

economies.

B These results may imply that there is a room for additional hydro development in
Russia, and this could be a key factor for the scale of future interconnection

between Russia and other regions.
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Total system cost

350
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Costs and benefits

Changes from BAU

30

Yearly Cost [Billion $]
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Total Sytem Cost

Carlsts
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11

0.9

0.8

Yearly Fuel Cost (Ratio to BAU)

L\

A China

BAU OPT ASG RES

B VYearly total system costs decline by $1B/y, $0.5B/y and $1.9B/y in OPT, ASG
and RES, respectively. Marginal impacts on the total system cost (-0.1% ~ -

0.6%).

B In ASG and RES, although deployment of renewables and transmission lines
pushes up initial costs and O&M costs, RE resource sharing contributes to fuel
cost reduction by about 8% and 11%, respectively.
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Summary

B This study aims to examine four scenarios about power interconnections
with a multi-regional power system model.

B In order to reap both economic and environmental benefits, power
Interconnection projects need to be in tandem with renewable energy
sharing projects.

v Interconnections WITHOUT renewable resource sharing (“OPT scenario”) increases CO2
emissions.

v In ASG and RES, massive deployment of renewable energy pushes up initial costs and O&M
costs. On the other hand, it potentially contributes to fuel cost saving in NEA region by
7~10% compared to BAU.

B Additional hydro potential (“practically exploitable potential”) in Eastern
Russia appears to be a key factor for the interconnection scale between
Russia-FE and other regions.

B However, this study focuses on a macroscopic analysis of the connectivity in
NEA region, and in order to further promote the grid interconnection
projects, detailed research about the economics of specific sites will be
needed. 27



Risk Index of Power Grid:-Expansiontin Northeast Asia

>

1. Political and geo-economical disputes
(DPRK and other transit countries issues)
2. Policy (No intergovernmental
organization dealing with electric power
grid cooperation issues in the region)

3. Financial and Price Issues

4. Lack of Infrastructure

5. Organization and Management

6. Technical (voltage and frequency)

High Risk

Low Risk

Risk Index
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The Necessity of Creation Intergovernmental

Organization on'Electric Power'Grid in NEA

« To support and promote the projects of interstate
electricity interconnections

« Coordination of economic and energy policy among the
central, regional authorities and business circles of the
countries in development of interstate power grid projects

* Development and implementation of interstate power grid
projects by the international team ( at all stages: from
feasibility study and design works to their
implementation)

* Harmonizing Laws and Rules

» Accelerated economic development of remote electricity
exporting regions, additional taxes to budgets of these
regions

* Power Industry reform and removing subsidy

26



Done

Reliability

Economics
Environment

The Way Forward

Self-sufficiency in electricity supply
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Policy and
Politics
Costs, Risks Bammmmmmsi 1Nancial
{ Technology

Way Forward

New Policy
Actions

Benefits Lower Costs and Risks

International Coordination Organization

Policy Implementation

Power Grid Interconnection
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Future Work for APERC

Examine the interconnection impacts on power system reliability

v" We are now trying to develop a simple model to evaluate power system
reliability (LOLP, LOEP, etc.) using Monte Carlo method.

B Refine data collection and assumptions

v" How can we describe RE intermittency and its management measures (electricity
storage, suppression, etc.) in detail?

B Explore other scenarios with the model

v Current set-up is for a single year in the future year, how about multi-year
scenario?

v" What if specific routes are not an option?

v" How will power interconnections help in the event of LNG supply shortage to
Japan or Korea?

B Detailed studies about the economics of specific sites

28



Thank you very much for
your kind attention!
aperc.ieej.or.jp




