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Abstract

The 40" International Association for Energy EconomicsEB) international conference was
held in Singapore from June 18 to June 21, 201Thé¥nergy Studies Institute (ESI), National
University of Singapore (NUS). The theme of confieewas “Meeting the Energy Demands of
Emerging Economies, Implications for Energy andiEmmental Markets,” the issues included
Electricity Access in Emerging and Developing Cowest Climate Change, Lessons from
Transmission Grid Expansion and Cross-Country Garatpon, Global Gas Market Dynamics, East
Asian Gas Markets in Transition, Energy Securityd Energy Market Futures.

Around 400 participants attended the conferenceWen Huang represented the Institute of
Nuclear Energy Research(INER) to address a papiéledrfComputing and Analysis on Taiwan
Index of Energy Security Risk." During the confasenHui-Wen Huang also communicated with
the researchers of NUS and the chairman of InstatiEnergy Economics, Japan (IEEJ) to enhance
the cooperation relationships. Participating iis tonference can be useful for obtaining important
information for Center of Energy Economics and 8gg Research (CEESR) of INER on energy

security and energy strategy assessment.
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NUS)EE B4 Fr(Energy Studies Institute, ESI) Siaw Kiang CHE B sk
A RER TORER Euston Qualiz 3k [EHE L&l & £ - &akbiad Siaw Kiang
CHOU Zi AR Bk (AN e 1)E 28158 40 fe IAEE EFEITET S HY2RE > THIOLK
Gk - AEEERE GRS S - PRGBS AIE 2 -

INTERNATIONAL
ASSOCIATION for
: ENERGY ECONOMICS

! WWW.IAEE.ORG

[l 2 BFE A G



e e FH B PR AR R 2 AR R 355 822 2 0 (Energy Markets And Security,
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1. RIEEZEMI(Climate Change Overview)
EEEE - HFER{TEE (World Bank Group) &ZER B %2 (Senior Financial
Specialist), Weijen Leows: 4
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P18 B G 2% R 1T (International Bank for Reconstruction and Develepm IBRD):
= BH 25177 (International Development Association, IDAEY & 4 Fil/\ 5]
(International Finance Corporation, IFCYiE#: &4 (1%f#(Multilateral Investment
Guarantee Agency, MIGALE[E 1 & Fimfa - 10 (International Centre for
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2. B¥EEERE IS | %% :TEEE (Developing a Regional Power Market in
South Asia: Option for Market Design)

RS | HIEE TERKREERE(Indian Institute of Technology Kanpur) Anoop
Singh BlIE#%

FASE B R EFEEIRE ~ Jhnfr ~ AP~ JBlam - EATE - BrERE R o HERES
HEIEAR 2 (JNE 5) - el RE T2 2 R DR - T 23 S| HY A AT
Z S AAHE - T EE SR R r i S A SR T Sy SRR T2
[H] - Yot B8 ) S ey R R (R (H B o] o0 R DU T I B (A1 6) = (1)BA
BB 4R B R B Ay i 545 /% (Nodal Agency Based Market Structure(2)
WP RER A i iadss A Ay £:Ei(Participation of Deemed Trading Licensee$})
R oyt IR A 2 (Participation of Trading License€8J4)FTH 7 & 1Y
JHE# (All eligible consumers)iiiZikat BefEE B AG  (1)m 5 &8 /12 Ff(South
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Asian Regional Power Exchange, SARB¥¥5 5125 1737 5 Fi(South Asian Power
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3. BB E M F B AK T NAYZER] (Interconnectors versus batteries: the case of
South Australia)

VEEEE - UM Carbon Market Economics/\ E]48%k, Bruce Mountain 454

R R A SR N R BN 7S AE N E o — N DLA B 74 (interconnectoril B
LB ) S S LA AT O M (i R T AT AR AR e M s B (decarbonization)
sEEIirsdE - rEElEURR e R AR (AE 7) - FEAERETRAYEE A 3
B E R IR EE 48RS - RNRAE R AR (Liquefied Natural Gas, LNG)
ORI RERFRARERELINE - IAMETMERTEGIEE ST -
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Distributed solar has expanded rapidly and this is continuing as retail
prices rise

8002 Battery + PV
combination likely
to expand quickly:
5 kW PV + Tesla

5002 Powerwall 2 now
less expensive

o than grid-only

3008 - supply for
households

2008 -

1002 - I Demand for grid-

e | | | | | supplied

2009 2010 2011 2012 2013 2014 2015 2016 eleCtrICIty

declining at 1.5%
per year

7008 -

600E -

Mw
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4. W{EEFIHVIEE © BRGNS SEBRARNE SEmEENZE (A Tale of Two
Sectors: Regulatory Structures and Impacts on Invement in US Gas and Electric
Transmission)

JHEE S « EHE] Charles River Associated\ E]gl|48&k, Seabron Adamsond4:

AR E SR B R A R E R Y 7R R B E IN(E 8) » 5 2 iy
PRRIARE RS AE - 55— =B B 2w EAL - e )i &y
RN RIE 9) » A iSRS BIE N B A [t - RN E RSB E
RS ()2ARREH Z RIANREWN R4 BRCE G EE ) 5 B B
BNE BT (QFEEBE AL S ¥ 2 & & (Federal Energy Regulatory
Commission, FERC)EHI{ER AT il ¥rE RS - B EHAEREEE HREE
& (DE ARG R AHEREE - () EniH S B 3EE ol
(Independent System Operator, ISQEEGEEEE 5 (3)& B EAEER B IUERUER
(Open access mode)4)E4E T Ep A L R Ein e 254  (5)ERITHFREIRE
HZ 5 G DIBURSJEIE ) i & © (a)2005F 3 AfaE IR A(Energy Policy
Act) ~ (b) FERC 201%¥F#45 2 Order No. 1000
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New shale supply rapidly increased demand for gas transportation

Barmatt Eaghe Ford Wostord
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[ ety [ G ot e i [ e -
[Ty — [ -
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erae— Mariedun
e o b [ — [
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Source: DrillingInfo
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Seabron Adamson
|AEE Singapore
June 2017
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Electric transmission investment growth has been modest and from a
low base

25

20

15
10
o

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

nomin

Electric Transmission Investment ($ billions

Source: EEl

« How much is actually new transmission capacity versus rehabilitation?

Seabron Adamson
IAEE Singapore
June 2017
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5.88RZE © & FaAyPkEREE R B (Energy Security: Challenges & Prospects in
Nigeria)

HEE S - K& F5E Port Harcourt A28 > Omowumi lledare Zi#%

REVR 2 A R ELRE (4E] 10) @ T (Availability) ~ AT & #E4:(Affordability)
HFEHLE (Accessibility ik & P (Sustainabilityy sEJR R - (FEANERE
(QrEIRZ Tt ~ QUG BUETIEEIRE PR ~ (BT RITE ~ O)fRnE
SNAZE AR HE S RELERFRE BIRAVRF AN « sEJR n 2B M © (DERS R Y
EEME - Q54 - QYAHBERTAR - AVERIIMAUGERSERE - selF il &R
M (1) fEREERAVE MRV ERETRFR K ~ ()t & e & HiER
A Ean B fE S T ~ QMEelEE R rERMERIRIGE - seliok @Mt + (1)EE A
P~ (QREIRA BRI R - SRR RE R e Ry © (1)
T ey NS B 5 B fBeny - RIS 2 B IRMNEI 5R © (2)7 KA um
A S8 B PanY 7% - B RHrEIENY 3% - Q)EFEHEA 2.01{E A1 - #FF
100GWEEERE /T - (4)FFFE AL17E 500085 A - #iEF 40 GWEEERE ) © (5)IEAER
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HAE RGN - FERKERE - (BRI RGPS B A G EHIRE IR -
(6)FEMAF TR KA S HIRETRAE Y - BN B IR e BRaE IR 2 ERI . - 7278 KA
oH 0 RERSEEZ £ E 4R A R NI BRI B TR - (7)BE R SRV {0
[ IEESEEE A TS S BURBIRE -

IR R AR A RE TR 2 PR - (LB R IR B —EHIR AT E
AT THIRIRRBUIRZE - QYRAEIRE IR RBUX AR > REEFFRE IR &R 3% e ek
75 © (S)LARETRER T R HIRE IR AR A EARE] - P R e IR BN T e R B =
BUR— M AEHE M EE R - (AWERIHRE IR L R A EACE - R
lc B AR M AN A T HHERR - PRTHIRE TR - SRR A SaAYRE IR 204
A ESE © (IMBARERERAEEEIRA - (M baARsE RIS IR
R~ QYEFZEIEREIRNVERE - (4) W& AU SRS Tt
RFFRIMERE - (8 1157 fe A sa B 2014 AElRBCEEELRE - [ 12 BURem KAl
SHHVER IR ORTEA -

Energy Security Components

Availability \

>
/

Pt 3

10 REJRZ 44

12



U.S. 2014 Electricity Generation By Type Nigeria Energy Mix 2014

1.2%
Renewables

13.2%

38.8%

Nuclear

Natural
Gas

Onwuka & lledare (2015)

Ll "
ENETILD BIERS 1 16T TUTE

1128 K | eR A5 20144F A8 JRACELELER

mSc1 mSc.2 ®mS5c 3 m5c4

Electricity Demand Projectionsg S o
* 4-Scenario Approach | — :

* GDP based T
¢ 7% growth - Scenario 1 E 150,000
* 10% growth - Scenario 2 §
* 11.5% growth - Scenario 3§ o

13% growth - Scenario 4 50,000 +———— ' I | i
e el ] | |

2015 2020 2025 2030 2035 2040
Projected Year

Source: Iledare & Onwuka, 20135

12 2% R My 8 35 KA

(=) %r&#HE =5 (Concurrent session)
TSR R R TR © 55 40 & |AEE BFRIHET G s g aim s OF
BN 2 BEEETRER R
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1. &85 R 22 B s T E B Hr(Computation and Analysis on Taiwan Index of
Energy Security Risk)

HEEE C IXEETSEAT B R =IEXC
A EE BFE AT R RSO SRS T O s B I9E B ~ SR G R TAZATEL S8
FRIF E  BFam L2 M 3 SR SCEEM 4 4 srdleEsR L
W ER 1T A E2 By Philip Andrews-Speetti-1- -

A5 I T E=RGE(U.S. Chamber of Commerce, USEER: =Y AE T
g EbEAEtE - WEHaEENEE - TR EE A bR SRR 2 4 E 7
T o $EIRBURE 2012 R AG RE R 2 e i NI - BRI Ry 2 BIAT AR AR 2 BK
PEIFOH RS N R RSO EA B s & - IO 8RA—HBE R TR
TEBIFAELIRINR, > TEZEEIRHE 1z (Exposure of Energy Importi s i HiH]
A TR T IR o B T B e o 68 - &y 17 A EIB SR AR &
BRER L e - ARG T =H T H ¢ USCCHIBIRER 42 BsEe -
TIMES f5A85F1 GEMEET f54Y - Frfg 2 (B afE « FAE[EIE (Business As Usual,
BAU) - 25 %155 (Optimistic Scenaridjif#~F & & (Moderate Scenario) £ | & 1E
FURRBRECSE © FREEZZ 8 T E T E B (Intended Nationally Determined
Contribution, INDCY 8 = s fa i &% (Greenhouse Gas Reduction A&HE (515
RSP IER SR E AR » WHc & (E A R E A ARIE f 7
(Carbon Capture and Storage, COfE ~ PARE S i 5 U AR R S bhRFERT - It
SN B R SR RRNR H AR - I IR 2 E 2= AR Sl B o A aE
TR AL R IER A A B e 5 2 B A s Ra it - R RR(E A
B2 R PR SRS B B B AR K B DI RE 2 WA B - I B (R BE 2 B K -
RS T I B R <P iEE Z — S BB R R - AR A ] — &
{ERRBEI - A EFIZRE SR AR T - REFE A OIPRIER - NS5
EARSTIFEE 2 COMH Bl B FE A 0 B & (RN AR F 5

g Blg ZHEfaa |

(1) =k Energy Business and Finance Collins College of iegs School of

Energy Economics” Ron Ripple e « REllfE LA sz 2 IR IR
FRMEOEZE RN > ERSREIEEUEES » DB ORR ZBUE
KPR EE - =R © ARV S R 578 2 R E b B R PR B 2

B 2 RER R\ T TEEET > RIS MAR R Bt R e et 2 — 2 -
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s T ERPEECE RS - DUREECRR 2 BUE ~ &OBTRER ) B EHE
b - AWFERS A S T TR AR AT -

st

(2) A A A REJERZE HhuL (Asia Pacific Energy Research Center, APERC)
General Managei ;T— /7 ( Kazutomo IRIEJE+-F575 1 68 B ua A
“om & E4H 4% (Asia-Pacific Economic Cooperation, APECE & > APERC
Ryt APECHHRHETE < BAr - sEJE kx5 APERCILIE 2 — » A EX
RebFERT AT B APERCHETTAM - == B0 © #ZAIHITATEL APERCHY [
fir B A H AREJRA 22 BT (The Institute of Energy Economics, Japan, IEEJ)
O R - S5 a[HEIRARE HIETSURGTE -

2. 2R ERR RN B IR ? —(ER &2 ET57A(How can we meet the Paris

agreement target? - An integrated modeling approach)
VEEEE ¢ HARIE I KE(Tokyo Institute of Technology)» Koji Tokimatsu El|Zk
%

PRI LR BES] RICE 2010€8fanlE 13)ETTHISE » akll N =(EZhRIE
TEE - DURCRT SR R TR HIE RS 2 °C DIATE R HAR - I DASR BRI A
CNERIEAE AL (Business As Usual, BAU)SE—{[E51E “2100 zero™ FijHALE
FrIR R - 20904 1% KB R (EHHK - 75 210072 E] 0 W74 & 21504 -
F_{E1FE "350 ppm 0™ H 21 SR -SRI AHZE > RIS
20104 % 205041y Wigley-Richels- Edmonds (WRE) 350[E ] - &5 = (@&

“net zero™ {i¢ 201045 21504F1Y BAEHFIE 0 - AU Al B IEFER - i 21 4
1% AR P AR B R SRR E A6 77 (biomass energy with carbon capture and
storage, BECC b4 AE 5 Bl Ef1{# 7 (fossil energy with carbon capture and
storage, FECCSYflrZ £ & HF - (i BREFERS 0 - 455K EUR - aDUIE HE"E
5 NEERK 2°C B - ["350 ppm 0" {5 RIRTT =ik 2 2.4°C - “2100 zero'fEis
RoT e E 4.1°C o 1 BAU &5 5.2°C - Bliffi“net zero™fgEF] 1.5°C HEE »
ERE TR IR R A F H AR - “net zerotE5E | » bikiZ T~ [E i (shadow
priceyKiliE _Fik » 210042 FE AT/ — ALk E & - RNEMEE T 2 28 bk
rE 14 AEBR N2 2ECERE EA-AE 15 -
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FHHY A RE TR AR Ry T R RETR - 158 P AR B mE TR ER bR F TR (6

(BECCSIZEZ S IRPFIAIRR » HEI AT AL —H7 > 505 5 22 Rl B S kbR IE

REER -

’ export & import via global market and regional trade (balanced globally) J

A $ 4
|
|

1 L
! [ ¢+ 4| Recovery
I - [
I Recycling
vz v 5
refinery Final Final
" conversion [° ™% products demand

Harvesting
. \\14'6,\”.
= V4

+ coal, oil, gas, uranium + refinery, hydrogen, FT-synfuel, * power, heat, transport
* iron ore, bauxite, methanol, ethanol, BDF, power. + vehicle, buildings,
copper, lead, zinc, heat infrastructure,
limestone = machinery steel, construction steel, electricity and
+ logs, wood pulp, timber, non-ferrous metals, cement, machinery
papers concrete + fuel log, paper, boards,
+ pork, chicken, mutton, + woods (pulp, paper, boards), foods grains, chicken, port,
beef, rice, wheat, corn (chicken, pork, beef, mutton) beef, mutton

..............................................................................................................................................

« coal ash, plutonium
+ granulated slag, waste

concrete, scraps

+ biomass residue (crop

residue, garbage,
excrement, animal waste,
logging residue, used
paper, lumbering residue,
black liquor)

Cost of

: Cost of Cost of Cost of
extraction, + refinery, producing
land transport : : :
and use, conversion final products recycling

Cost of
disposal,

rg,yr harvesting
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minimizing discounted sum of cost from 2010 ... 2150

T 150 = non CO2 GHG

S

o

o — :

8 100 combustion

Q wzZZreforestation (BECCS)

S 50

g = reforestation (forestry)

§ 0 EZZgeologic storage (BECCS)
0

b3

.E -50 = geologic storage (FECCS)
©

2 -100 ==Bal

_ﬁ' == 2100 zero

E -150

o =+=» 350 ppm zero

8 -200

2020 2040 2060 2080 2100 ===net zero

BECCS: 4B A5 JF Bl S F1 577 (biomass energy with carbon capture and storage)
FECCS: {b /A AE R Bl iy fE f1 (35 1F (fossil energy with carbon capture and storage)
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5 g : - BAU
—=2100 zero

++++350 ppm zero

(Celsius degree)

- =net zero

Global Mean Temperature Rise

D I I 1 I | I |

2020 2040 2060 2080 2100 2120 2140
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3. B EAEIR T ORAIFE © FRSERFERL » WSSt R — RIS al
(Modelling Transport Energy Demand and Emissions: Bvelopment of A Global
Passenger Transport Model Coupled with Computable &neral Equilibrium
Model)

EEEE | HABNIEREEWZEFT(National Institute for Environmental Studies)ft & Eil
IR 24500 (Center for Social and Environmental Systems Resealn),

Research Associate, Runsen Zhang

IEifse R e a R  iE R =« i K A (Asia-pacific Integrated Model,
AIM)/ &g > 45 & =AY BRI N R Ro dHED - 5% AIM [ EREL AIM /A5 5
4E 2t (AIM/Computable General Equilibrium (AIM/CGEf45 & > DLEIE i
9~ BETR ~ O = SRAS RO B (macro-economy fEIHY G #fidH] - F LA
AIM/CGE 71 AIM/Transportiy & & BLUA » SRR (A& 16) - Wi 17 AR
& (business as usual, BAE)E % 1E (mitigation scenaridl fZ&H1571T > 458815
SEEREEE TR Z BT - 18 17 SR SRR EIR  Be 5 5 P BLhie RO FeoA -
18 BUTR R IE IR IEAL AR IR 2 28 - BBHEREUR © RN A £ &R
TRORAFENDR 2= SRACHRIT WA R R AR R AN Bk

JROI B = BRIR AL
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AIM/CGE

GDP
Population Tf‘mgé éfem and
Energy price

Capital cost

Carbon price

[E16 &5 AIM/CGENIAIMY iy ihUERA

(a) (b)
Fuel — Mgde
Biomass s us
Coal 75 ar
= 907 M Electricity g.. Domestic aviation,
g Gas — International aviation
9 Qil o) Railwa
5 b5} Two-wheelers
iy 60 6 5.0
5 e
;.-, g
1 (<]
5 30 g 25
E
01 Ll
T T T T 00
2025 2050 2075 2100 T T T T
Year 2025 2050 2075 2100
Year
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—

Travel demand (Tpkm/year

(@) (b)
100 -|Scenario e Fuel
252U Blgamass
Carbon_tax = 100 M Electricity
@ Gas
80 g Ol
5 75
w
60| & 50
5]
=
w25
40
0
20'25 265{) sz5 5 1.00 2025 2$5{J 2075 2100
Year =
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(c) (d)

Scenario
= . 1ZBau o
§ 8 —Carbon_tax —_ 429"
= & -
C? 7 Q 40 o M
Q © o
G =
i 8
5 . _% 20+ ﬁéfﬁ
2 2
£
w44 /—\/\ j
. 0

2025 2050 2075 2100

0 200 400 600 800
Year

Carbon price (USD /tCO,)

[E18 BefiyR e ¢ (a) FHERCK ~ (DEEIR ~ (OFEE -~ (d)h % RAS(GHG)FHER

4. R 22 2 MR S BTN A R OB S E4H SR A TR & 7ERYE 88 (The Evolution of the
Energy Security Concept and APEC Energy Cooperation

VRS HATnKRERAZEH. M (Asia Pacific Energy Research Center, APERCY &[S
f(General Manager A T— % (Kazutomo IRIE) {1

REMRZE = B int Ry T e AV RE R BB (T BB 0l (E Ry EE S AVAETR) - DA
TEMNAZEU AR > MEIR 2 MBI R 2 HnyEzE - —+—taaw) Dk » = REF
DU T REIR LSS BT R FIRE R AR 2 FPRaE © —2 20014F 9-11
R 2Ry > 2005 - 2006F R ERHT LS Se BRI R 205R F+ i + S =R Fy
20055F Y- gD

HE - B 7 J19EEIZ1T R (Violent non-state actor, VNSAYHIARIHZA K
F o AREEMERBEBNEE - feRZ ISt EREA -

MR R RN EL AL B iR AR B ase it B 3= 3t (R FR RS s PR B G - Ky
TEFIHATE R ZNEERL S EIRER(BURTHIES ~ R EuRIBERI ST
ANBEZZGEE L N RNRE IR 2N E o Ky THERRINR - BRIV
TEMLIE - EHEAGEE N o s R S FHSR(APECYETT T HRZ £
83 (0il and Gas Security Exercises, OGSHJ s 24 4E Q8RR I 82 ~ #h 2= ul e m 25
E PR DR AR A R 3 BB B R - TR T S UL KA RIEE APEC
RER IR I E B BT HY B B2 Y RE IR 22 e e

BT =X OGSERVIEREZ EE ® 20154 12 H 7-9 HE#T » H—[8E: -
BAEE BRI S 2CEAL IO IEEE S il (Malampaya)K T KAARE

EE 19) - FREEIRARMIEEM AT KEF I8 - BRERIIATRe SR
RS RIEE (AE 20)  FEEIE AL FREE =85 - FRESERE RSN
e VA 4 ) ALAS B - BRERTEER B AOME m E RN O Y —i 68 - BeEfE 585
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Courtesy: Getty Images
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5. B4 fEJBAE TSP IIEVE FI Y B 11-APEC 558 Z152 (Potential for Renewable

Energies’ Application for Heating in the Industrial Sector — A Case Study of
Selected APEC Economies)

S E ¢ HARERKEZEET(The Institute of Energy Economics, Japan, IEEJ) A
725, BEi#E(Sichao Kan)

ALy HARRE IREE A BT FE AT (IEEIEE H A SE R AE JRITFE 10 (APERC YL R

Ft o EPEE A E AR R T (L2 R 2 el D 36 B P R 2 SR ARy — (8848
ABHFE Ry RE R RETRIFE UL (APERC) SRR S FAHER(APECHEIRFR °K
FIBL e S CRRABTFEZ — » At sefliat T HERERE/ \(E APEC LIRS
i TR ENF e FIEARE YR ] - i B PR (AR Th R (B e 1T T30 IRy A
TR OR i SR B A e R BE R (I VR T > [RIF 5 @ IR EE A Y RETRBICAS - HEE
VBT e W AT - I AR ~ SREERIEN R LA, B N - B P s B A R A
FE e A TE ) - @B B TR b TEl P  E R F AR TRE T I TRE TR
RIBARKE S - AELETTHE > R EE R ITERERFRK - PEIIAR AR
BEIETIRCK » 28T > HATSEELEHAERETRN B B RVELR G - AR A RETRAVIE
BT ERE - ABRER TR T T AR RAHA AT IR
EFTAE AR Y - 2009 FE A [FTEAY AT (3 HEAE T KB I E
22> J\fif] APEC |t 8 &LB e MR BRAUR P AE BMILEVE o 4nlE] 23> (E&HEfS 2040
RN RS R A B VRS IEl 24 -
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Medium temperature range: 100 ~ 400 degree C
High temperature range: >400 degree C
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Breakdown of useful heat demand in EU for 2009

Data source: N. Pardo, K. Vatopoulos, A. Krook-Riekkola, J.A. Moya, and A. Perez (2012): “Heat and cooling

demand market and perspective”, EU Joint Research Center Scientific and Policy Report.

22 2009FEX 53 A [FI1 T 5RAY A] {E AV E TR IE L

60,000 -
51,084 = GSHP
50,000 - 5
45,120
Solar thermal
436 40,999
40,000 - i
30,000 -
20,000 - 17,129
10,000 - 282
’ 992 3,50018 575 1,390
813 662 32964 1,148
0 = T . T T T T f— T 1
R4 & & S & Bl & &
Y .
O O S@,’Q » ) Qé‘ Q,QG" @""
USRI <
< R
> &

GSHP: ground-source heat puniffzi3g
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BTotal final energy demand Potential for Renewable Heat

Potential for renewable heat and total energy consumption in selected
industries by economy (2040)
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6. BB FREB & EE G ERRMSATE IR 2.4 (Development of APEC low-carbon

town indicator (LCT-I) system)
iR - HATEKEEJRHZEH0M(Asia Pacific Energy Research Center, APERC)}/t

7 E, HP#%T-(Yuko Tanaka)

H ASEE AR BEIR I 78 H O — B R MR A L0 S T E4H ARk (AP EC)Y B &
(Low-Carbon Model Town, LCMBFEFAE R - LCMT SHEY 20114EEE) - D
#E 20104F 6 H 19 HAE H ATEH2{THVEE JLUE APECREIREL K4 & 3 (Energy
Ministers Meeting, EMMYVEREH - Bl RAMEE G IFREIRARATT 505 T RERL 2
AERBRIARTS » DI ELK B35 APEC S8R RS DU 4 SR - fEi i #I 5 A
(EBRFE AT > DASE = RE R AU M A AR TR E A - B S B R A I T e TR B
R ERHE -

LCMT IH H fufif = (& £ 2EE) © (1) APECEHZHIEM5EZ"APEC (R it
R (B EHE R PIRGE A T R S EEAET T n[TTIERTSE © ()APECHRE S
B NRAVEh S BRI TR A -
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APEC {Khiiii$EF5 12 (Low-Carbon Town-I, LCT-I}4: 5 20134544605 -
LCT-1 Z &2 a b f B A E R S FE Y B Fe ST TH - 17 20134 74
BERE 2 1% > LCT-| 2GS0V HEHE R IEELE LCMT Z61/NERYE I Nt 2015
FFHELTHY o LCT-| 4RSS — AU ST s 20164F 11 H 4547 - [& 25 &R
EBRISASE A S PE B2 MR SR L ~ AITTIEATE « BUREFENVEE - e
NS B IS LS - B E AT AL AN E BT T TS
FIBERES © PRI TR E - REIVEEE - BEERIIRE - EHVEEIREIS (San
Borja) - EI[EJEFETEAY ELE (Bitung)fITEERE HY 2 22 4E(Mandaue) &k T vi i i
afi oo ST oe (Krasnoyarskys 2017 54258 By —{E ZE /N34 -

LCT-I Z&eweasct i rJ e B JTER MM o LCT-1 Z&HURHb &z =
Y > A A EHE (-5 97) o (E R o] DR T S A ~ Ry RN
P LB SR T B A A » FR " " A S R E fi i )2 (e RE TR A JEE
s > M E Yo Ry £33 © BLAE IR (s H B R AHRRAHEIE > PR A "
PEAERE" HYREIR(E A - FEEREHRRAVIATE T - 3 RE 7R KA B e i (1 5 T Ay s
—IH - fERIEEHEA TG T R BRI B (Environment & Resourcesji* /&
(Governance)a {1 /71T o & 7R 1E W {Ii R AR BE HY—SRE TR YRR BN A 8 S BE TR Y
(2 > HEFEM LCT (EERNZ - 5Fh HIEH 5 FHEZIHH (—8)f 1415
FERIHH (80 - =4UHHE A 35 EE ERUEMTERE -

LCT-1 Z AV RrRE Ry © (DRFERIEHIE(E LCT SSfat s e i iny 5 FGEHS
TH (it HATREME - HERPHEM » G)LCT-1 R&ieF b aEE & =iy -
JE R E PR A RS - (st R S ERPFICE - [B 26 BUR LCT-1 Z&aFl
JR1R > [ 27 BUR LCT-| R at(haS RRE -

LCMT B G AR &GS 20174 9 A {EEN e E#VHENIZ 21T > H AU Rs(1)E5E APEC
EBRINEE + (2HEF) LCT-1 2481y FFIEE AT - {F e APECHNIE 5% LCT #Y L
H 5 QWRETAIA LCT- Z:.%i1F APEC 25z H B 5 Gl g1 T34 (b 8 2 s H Y /]
RETE; + QMEEE NI LCT I H AURES LCT-| RtrCERHERE R ()0 S 57
S (KB ATE H & o G APECHIEE LIFTY LCMT ZEfiliksA -

Bk B - S BRHGAIEE Y R S TR G LR - s
THIFER[EE © SBLEHEHIEH L A ELEE > {HE APERCEEHE IR #i £
HEHE -

W
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'Preliminary Research

Feasibility Policy

Case Towns in Phase 1- 6
I
Yujiapu, Tianjin, China

Cities Surveyed in Phase 1- 6

Da Nang, Viet Nam; Surabaya, Indonesia; Cebu,

Phase 1 Ty . . B s . Greenfield development of central
The Philippines; Putrajaya, Malaysia; and Tianjin, China || business districts (CBD) of a large city
Ph 2 Samui Island, Thailand; Penghu Island, Chinese Taipei; l|| Samui Island, Thailand
ase and Da Nang, Viet Nam I Development on an island resort

I pa Nang, Viet Nam
| Redevelopment of an existing city

Phase 3 l Portland, The US and San Borja, Peru

| San Borja, Lima, Peru

Vancouver, Calgary, and Toronto in Canada;
Phase 4 l Residential area in a city

and Philadelphia, The US

Ph 5 Adelaide and Melbourne in Australia; Auckland and
ase __I_ Palmerston North in New Zealand_;_and Santiag_o,_ Chile
| 1 J Mandaue, The Philippines
Yongin and Jincheon in Korea; Krasnoyarsk, Russia; !
Phase 6 | andeokohama and Kashiwa in Japan . Al carbon development plans m

I Bitung, Indonesm
|| Industrial area in a city

Development of LCT-I System

25 (REINSEIE A S PR PR 2 BANLSRTAL ~ mITTIRRISE - BURE EHIIGH

'Assessment Fraewo' f LC_TfI System )

| Tier 1 | | Tier 2 (No. of Tier 3 indicators) ‘

1. Town Structure (3)

e 2. Buildings (4)
Demand 3. Transportation (6)

4. Area Energy System (1)
5. Untapped Energy (1)
Supply 6. Renewable Energy (1)
7. Multi Energy System (1)

pole|ay K|pa.|!q

8. Energy Management System (3)

9. Greenery (2)

Environment 10. Water Management (3)
& 11. Waste Management (2)
Resources 12. Pollution (3)

paeley
Apdaa1pu

13. Policy Framework (4)
Governance 14. Education & Management (2)

[ 26 LCT-I Z et 2t
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Output Sheet 1

Orverall A

Output Sheet 2

Overal Rank Fiader Chart —
3 <L Yiyjfs pu Gentral Business District
-~ e
Pl .v\( evaluation sheet
Domaed H@ Yok
Total Point “mand Sidc Ak 4.8
avsagearions 3.5 Sowrtans ., derwy B 1. Town Structure
1.1. dscert Workplacs and Aosidence =
1 Residertial Use and Monresidential Use e e 5
O s e B0
ek 5
= PG Vit & - 13 ou Tran velopment]
Figaz t D d i e b semve sl [ 1. [Gity Development Certered on Public Transpartation rwaw 5
2. Building= =
1_ Enemy an
Individual Asses sment 1 on Performance ok ok 5
T2 7] quipment Performance wwww| wxww | |5 45
Domand Side || wdw 4+
1 Toen Structurs T 22 GreenG ——_ "
2 Buliainge. \ . =
3 Tron sportaion ! T A - 5
T ! wrrET 5
&&&&& 5
Supply Side 32, Inpcdvey ] whae | 5
4 Area Eneng: " ; : ke k 5 b
5. Untapped Ener i -
2 t t 99 Introdues =
6. Renevatle | : 1 o sk 5
S ol L I f 3.4_ Promation of -
Tolaljarerag s § : ¢
|Supphy Side Hokk 3.5
Demand & Supply ! ! 4. Area Energy System =
& Enemv ; ‘ 4.1_ Arca Energy T wwwwn |5
Tolaliarmaysh ) [ 1 intoduction of Arca Encrey e B
6. Untapped Energy 5
2 [ [ 5.1_ Urtapped Enerey = P 30
| | [ 1. Jnvoduetion of Renswsbie Energy i 3
3 Grsrey | i y = -
} | 2
10, warer i
11 Wiasie Maragem el :
12, Pallution :
= }
Governanca | |
13; Poliy Frem e ¥iork ¥ [ E
i .
14, Education & Wansgoment : ! — A Euludonod
t f f 2 Jagms .Ama Enerey. Syatent 4
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27 LCT-l ZtaPld AR E

7. EEDHFH B R EAT R R A P R N 4R RO E 2= 2 EIRER{%(The Relationship
between US Rig Count and BRENT WTI Spread)

B

RITRERBRERREIR

PEEIN F gk 5 H{E RS (West Texas Intermediate Crude Oil, Wy f t 57 L4

(B » BT E SRR WTI A B E b -

ZAIM > F R B LA R ]

R E R (R R JUH (BRENT)RIALFE U (DUBAI)) HYBHEA AL (R -
WTI i 20124EFMG L T FRESCHIERSEH] - #E78 BRENT H 20124 LIIGRE
WTI B R ¥ ey EEECEERE - HRF S 152 BE 2R E R FiE

i

ZFEIHZERE R AR B - HSTEE PR (B n] RE VA o e
N EIREERE E R SRR E YR -

BRENT 8 WTI Z [ 7= R B s & - BT

NENHVEZENE -
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HHEER AN AET A A EEEE) - EE > ASmE LR - EFFE
B AR AR - PRIEE  —EESURREE A AR H- B (F Ry 2
S H SRR LU AR AR - A > AW IERTEE BRI CHE L
T BRI~ A A T RE A S AR REB R AV S > EAES TR
I - BHE L ARSI EIE Th a1 R R RIS - AR B AR
BRI CHl E_E - B E G ) - BERRA I - SRAVEHEEZSEER
R EE SRV E B B (R P E W > ok A E I — i (E NEX) - [E 28 84
NSRRI ~ A B S P R o SR U (B 2= B P R o AR U (B S 2
(e
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— rig =

= B-W = WTI

28 = EHHH R (rig) ~ A7 R R S P 8 88 SR (B 22 (B-W) B PG R o
FHERE(WTI) 2R (4%

8. HiE it T A ¥ HERIEEE(The Effect of Speculation in Futures Market on Qil
Price)

et - MEAEAN PR SIBE et
AW FEE R RERBUREZEE - /£ 2004 - 2016EHH] » FURHTSHRE
REWEREE - AR BEFTR OITEREEE T R - B0 > BTSSRI T R
BOHER BN 5 — (SN - (EE eI EBER R S A (£ NYMEX BYESS 5
LA EF RO E T SHRAT R - R AR SIRHHY SFAVAR FERAGT
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TR E R B - 4hamet - AR EE B AT 5 BRI 2R
A AR E R T -

AHFEHT B2 AR e 20044 2 2016 i B & IS H AT Ry s B U
{Ef% > SFAVARBRARISHEEUR © (LIERISEAC S E IR TR I [FUM (S 2
BRI LR R 8 HRRRER/VAE 6 (8 H WA gUM% QDT H
WINZ - EEFS(CERESbEL T ERNVAEEZE - MRIPANE T aoh A E
SRR AT E  Q)HIRE LY - BEWR - B SR ETR RINRAVEE
—AENHEEERTE > RET R R 6-12(E H - i HFeth R o i
PSR- EAYEE S A R IR A R N R A EHY  {HAE 2004-2007F 2011
- 201341 20155 - SIE TSGR T R s B N R - [ 29 B
JH (E R SN 2 R S o i -

Historical Decomposition of Oil Price Change

s Ol Price Residual
m— Speculation
= Ol iInventory
= Ol Production
- Money

m— infiation

m— Real Activity

—— Change of Real Oil Price
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g~ EREIH
" %5 40 & International Association for Energy Economics (BEI[&iFE & |
/> 1064 06 H 18 H % 6 H 21 HFVHTIISZER T » et & EREA T e ¥y A%
ARHVREIR AR K - RERMIRIRE MGHY AT RE 22 | - IS SRS © T EER
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"EERTTSEAE o SInEE AR Ry 400 A 0 fZREWSE T HH S LRI ZE B
FHIE I 23 T Computation and Analysis on Taiwan Index of EneBggurity
Risk , W3 — ° IAEE W& 35 & Bl 7e B AT N B EBLESUAERA A & -
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(—) EEFEIREZ IAEE HIEVET &
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& RIEEE - RIS - REREUR ~ AR - EIRIRANE > BPREE
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) Ky ESIgERZ 24 - IR B3RO ESIIEETTRI#E nlat
E N — %5 % (Computable General Equilibrium, CGEYEMER » #H 8
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ML T BB 2 TARHGE S « IEEIFR T &R H ABUF (BIE B EER)
AIZEE ARSI thghdT APEC 457 T fnsiEd IEEJ] f TN @& iz APERC
Z EafRRA - bl TR H AR RSB EUR U7 1R B AR AR AT Rl -

ZEEIHFEATEL IEEJ Y 2015 5T &R T, - Al —EoREEA M E i
TR A ZZOA - s A 201528155 11 e HAE IR & b a7 Er i E Bl
|EEJ S H IEAIH R S LB THROT T 5 - AR &R A TEet - S
IEFIEE RS B2/ APECAEIR#E (APEC Energy Issuesj<t » % &
ARG IS APERC AT — & (Kazutomo IRIEfREFE 2 T REIRZ i
SO RO S FAHSREE IR & EREEE | - IEEJ BYEjE(Sichao Kanjft
FEEHRY T EARIFE L P TINEER AV - SN AR R & 1
AR SRR RS T ZE BIRAST | B APERC R Tifoe B3k T3 Eaa
AP PREER GRS ERRISEIE IR 24, - SHEE 1% » s BBLEHIEA]
HER - NI KEREHMZEABETION - 5= Bl BIXREbZEATaE
IR BIERES AT L IEE) RARIEZAE & F RS SR T 20 THiT
AR o MHIEMEERFRR IEE) R ANE LIS E BIFEA] > PFsesbmieft
H A7 7 S B R R e IR 4K 2 SRES sk - o5 BRI ST AT R &R
2018 F- HitHH AR A 4R A SRESAH AT ST & » JRs R e B S R T
A ©

30



(M) R L DABRPR AL R (i R AR B B A L o AT RE M A LT B e

= BN R BB 2 s s T EEL AT (Computation
and Analysis on Taiwan Index of Energy SecuritykiRig 2% > S£E Ron
Ripple #4542 © AR AE R A B SRR S EAE R S0 - JE
HHEERHERCERE - DU OER 2 BUG ~ SO REE - =8 EE
H R A TEB 5T 75 R 2 18 2 e I e B [ P4 B S 3R 2 RE T R B AR 1T B
o 0 NELESMATE RS BRER EIRTE R — 28U - 4D T BlIRECERE -
DR SAE B o 2 UG ~ SOBTRENE | Bt E 8L MAEVI AT R
B SA TS T E AR AT

T BT MR - OmHE R e R RS - R R ool ~ R
B A PR LR bRtRs - B MR B T - BRI LA

— R A 0 > TR B PR PR IR BURF 4H &% 5 B 2 22 (Freedom
House)r ¥ » e B o H S S EE - E0h#E gt E R R
PRS- T ARIEE AR E TR E - RN R PR B o 1R AR
TR MZEPUEHERFERE @ (Hfemelid 2R lais Rl TSR R R
i o R LVBEALTT =G A bRE T I BB BRAVBUS ~ £&0KRIG - Dl
M bRE R 2 i b FL N -

(1) RV o 2 RER S5 R - DASS IR AT ER S
ARG ERE R T e AR RS RE IR oK B REIR IR IR T
HVRTRERZEE | - TR AR a5 ~ FTRNER B 2B ET g > HATRER
BN - AMAHENRREASE ZRARER > DRItz it
AT RRIRAT R 2348 ) - RV S Bl o0 2 AE 3 - Al s&diE
FIREIRATEENS -

31



1EE Organization Chart of
JAPAR The Institute of Energy Economics, Japan (IEEJ)

as of August 1, 20016

~\

General Planning Group
General Affairs Group
Accounting Group -
Information System Group

| Resourges/
Reference Room

Global Energy Group 1
Global Energy Group 2
Muclear Energy Group.

Coal Group
Gas Group
il Graup

Electric Power Group
Smart Community Group

New and Renewable Energy Group
International Cooperation Group

Econometric and Statistical
Analysis Group
Energy and Economic Analysis Group

Climate Change Policy Research Group
Energy Conservation Group

Research Group
Administration Group

(" Affiliated Center

__ Administration Group

] Information Provision Group
Market Survey Group
Public Relations & Promation Group

—— The OilInformation

ﬁiﬂi?é&fﬁ’éiﬁ“é”lfahﬁfﬁﬁ __ Administration Deparm'uent

I[hﬁ mnEthgy

e Certificaion and Research Group

& 31 HAREIRbTFE AT 4251

32



L~ BHEE

w nNoE

i

40" IAEE International Conference Program &£ AN Fr[E EfE S %)

The Energy Journal, Volume 38, Number 3, May 2074 A FfEE 655 %)
Economics of Energy & Environmental Policy, Volubglssu2, September 2016 (
PRI 8RS %)

IAEE Energy Forum, Second Quarter, 20ET:E A B E 85 5 5%)

ESI Bulletin, Volume 10, Issue 3, June 20ET:E AR EEAE 5 8%)

it ¢ ARG HARIEHOEHE o SR ST LT Akl T

http://www.iaee.org/iaee2017/program_concurrenkasp

33



b 1
% 40 J& IAEE ERFEbTET &Rt

34



Programme overview

Sunday 18 June

Time Activity

12:00 p.m. — 7:00 p.m.  Registration

9:00 a.m. — 2:00 p.m. IAEE Council Meeting (by invitation only)

2:00 p.m. = 5:30 p.m. Tour of Singapore (free and easy)

6:30 p.m. — 8:00 p.m. Welcome Reception

7:30 p.m. — 9:30 p.m. Council Dinner (by invitation only)

8:30 p.m. — 10:30 p.m.  Student Happy Hour

Monday 19 June

Time Activity

7:30 a.m. — 7:00 p.m. Registration

8:00 a.m. — 9:00 a.m. Student Breakfast Meeting

8:00 a.m. — 9:00 a.m. IAEE Affiliate Leaders Meeting

9:00 a.m. — 9:30 a.m. Welcome and Opening Remarks

Professor SK Chou, Executive Director, Energy Ssidi
Institute, NUS

Ricardo Raineri Bernain, Professor and PresidéfiEl
Mr. Masagos Zulkifli, Minister for Ministry of the

Environment and Water Resources

9:30 a.m. —10:00 a.m.  Opening Address: Keisuke Sadamori, Director, Endgykets

and Security, International Energy Agency, ParnianEe

10:00 a.m. — 11:00 a.m. Keynote Session: Oil & Gas Markets: Global Actiamsl
Regional Consequences

11:00 a.m. — 11:15 a.m Coffee break

11:15 a.m. — 12:30 p.m. Dual Plenary Session 1: Electricity Access in Ermeygnd
Developing Countries

11:15 a.m. — 12:30 p.m. Dual Plenary Session 2: Climate Change

12:30 p.m. — 2:00 p.m.  Awards Luncheon

2:00 p.m. — 3:30 p.m. Concurrent sessions (1-10)

3:30 p.m. — 4:00 p.m. Coffee break

4:00 p.m. —5:30 p.m. Concurrent sessions (11-20)

7:00 p.m. — 10:00 p.m.  Conference Banquet

Venue

Level 4 Foyer

Lotus 4D

Bay View Foyer Area

Bay View Foyer Area

Venue
Level 4 Foyer
Lotus 4D & 4E

Lotus 4A

See Page 8 - Orchid Pink

Orchid Green

See Page 8 - Orchid Pink

See Page 8 - Orchid Orange
Peony Blue

See Pages 10 - 11

Orchid Green

See Pages 11 - 13

Capella Hotel, Sentosa



Island Coach transfer
(both ways) from MBS

Tuesday 20 June
7:30 a.m. — 6:30 p.m. Registration Level 4 Foyer
8:00 a.m. — 9:00 a.m. Asian Affiliate Leaders Meeting Lotus 4A
8:00 a.m. — 9:00 a.m. EJ Board of Editors Meeting Lotus 4E
9:00 a.m. —10:30 a.m.  Dual Plenary Session 3: Lessons from Transmissiath G See Page 8 - Orchid Pink
Expansion and Cross-Country Co-operation
9:00 a.m. —10:30 a.m.  Dual Plenary Session 4: Global Gas Market Dynamics See Page 8 - Orchid Orange
10:30 a.m. — 11:00 a.m.  Coffee break Orchid Green
11:00 a.m. — 12:30 p.m. Concurrent Sessions (21-30) See Pages 13 - 15
12:30 p.m. — 2:00 p.m.  Lunch (buffet) Peony Blue

2:00 p.m. — 3:30 p.m. Tri Plenary Session 5: The Economic Future of NaccRower  See Page 8 - Orchid Pink

2:00 p.m. — 3:30 p.m. Tri Plenary Session 6: East Asian Gas Markets angition See Page 8 - Orchid Orange
2:00 p.m. — 3:30 p.m. Tri Plenary Session 7: Energy Security See Page 8 - Melati Yellow
3:30 p.m. — 4:00 p.m. Coffee break Orchid Green
4:00 p.m. —5:30 p.m. Concurrent Sessions (31-40) See Pages 15 - 17
5:30 p.m. — 6:00 p.m. IAEE General Membership Meeting Lotus 4D
Evening Free to experience Singapore’s various cuisines
Wednesday 21 June
7:30 a.m. — 6:00 p.m. Registration Level 4 Foyer
8:00 a.m. — 9:00 a.m. 2018 International Conference Planning Meeting Lotus 4A
8:00 a.m — 9:00 a.m. EEEP Editors Meeting Lotus 4E
9:00 a.m. —10:30 a.m.  Concurrent Sessions (41-50) See Pages 17 - 19
10:30 a.m. — 11:00 a.m.  Coffee break Orchid Green
11:00 a.m. — 12:30 p.m. Concurrent Sessions (51-60) See Pages 19 - 21
12:30 p.m. — 2:00 p.m.  Lunch (buffet) Peony Blue
2:00 p.m. — 3:30 p.m. Concurrent Sessions (61-67) See Pages 21 - 22
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3:30 p.m. — 4:00 p.m. Coffee break Orchid Green

4:00 p.m. —5:30 p.m. Concluding Plenary Session 8 : Energy Market Fsture See Pages 6 - Orchid Pink

5:30 p.m. - 6:00 p.m. Farewell remarks and closure
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CONCURRENT SESSIONS 1 - 10 Monday

19 June, 2:00 p.m. - 3:30 p.m.

1. Management of Electricity Markets
(Orchid: 4201AB-3 & 4301AB-3)

Carlo Andrea BollinoPresiding
Professor Department of Economics
University of Perugia

Operating Reserve Demand Curve, Scarcity Pricing
and Intermittent Generation: Lessons from the Texa
ERCOT Experience

Raul Bajo-Buenestado

Department of Economics, University of Navarra

Design of a Decentralized Market with Locational
Marginal Pricing for Efficient Congestion
Management in Distribution Grids

Hans Schermeyer

Wolf Fichtner

Armin Ardone

Karlsruhe Institute of Technology (KIT)

Equilibrium Capacity Reserves in a Multinational
Electricity Market

Thomas P Tangeras

Research Institute of Industrial Economics

Smart Demand Side Management: Storing Energy or
Storing Consumption — It Is Not The Same!

Joachim Geske

Richard Green

Imperial College London

Chen Quixin

Tsinghua University

2. OPEC and Saudi Arabia
(Orchid: 4211-2 & 4311-2)

Carol Dahl,Presiding
Senior Fellow
Colorado School of Mines

OPEC Cartel Behavior: What Is Their Objective and
What May Happen Now?

Peter N Volkmar

PhD Student, Rice University

Higher Retail Energy Prices in Saudi Arabia and
Their Aggregate Impact on Welfare Across
Generations

Frédéric Gonand

University Paris-Dauphine

Lester HUNT

Fakhri Hasanov

KAPSARC

Qil Price: Saudi Arabia vs Shale Oil
Jean-Pierre Favennec
Consultant, WD Cooperation

OPEC Spare Capacity and Price Volatility
Yaser Faquih
Rice University

=)

3. Consumer Aspects of Energy Use
(Orchid: 4206 & 4306)

Brantley Liddle,Presiding
Senior Fellow
Energy Studies Institute, NUS

Human Capital and Energy in Economic Growth -
Evidence from Chinese Provincial Data

Zheng Fang

SIM University

Yang Chen

Xi'an Jiaotong-Liverpool University

Electricity Consumption, Education Expenditure
and Economic Growth in Chinese Cities

Fang Zheng

Singapore Institute of Management

Chen Yang

Xi'an Jiaotong-Liverpool University

The Demographic Factor of Energy Consumption in
Saudi Arabia

Fakhri Hasanov

Xun Xu

King Abdullah Petroleum Studies and Research
Center

Demographic Change and the Rising Oil Demand
in OPEC

Fakhri Hasanov

Xun Xu

King Abdullah Petroleum Studies and Research
Center

4. The Rebound Effect
(Melati: 4001AB & 4101AB)

Lester HuntPresiding
Professor of Energy Economics
KAPSARC

The Impact of Gasoline Prices on Driving Behaviors
of NYC Taxi Drivers

Sang Uk Nam

University of Arizona

How Much Do Environmental Attributes Affect
Electricity Savings? Sample Results from a Natural
Experiment in Singapore

Tian Sheng, Allan Loi

Research Associate, Energy Studies Institute

The Solar Rebound, Household Income, and
Subsidization of Residential Photovoltaic Systems
Matthew E Oliver

Juan Moreno-Cruz

Georgia Institute of Technology

Rebound Effect for UK Residential Sector
Mona Chitnis

University of Surrey

Roger Fouquet

London School of Economics and Political Science
Steve Sorrell

University of Sussex

Household Responses to Transitory Income Shocks
Evidence from Weather Induced Utility Bill and
Mortgage Payment Activity

Gregory B Upton

Louisiana State University Center for Energy Studies
Meagan McCollum

Baruch College CUNY
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5. Energy Sector Modelling
(Melati: 4002)

Gabrial AnandarajatRresiding
Sr Research Associate
UCL Energy Institute

How to Build an Energy Market Modelling System
Robert E Brooks
President, RBAC, Inc.

Study on Energy Supply Curves in China’s
Bottom-up Energy Model up to 2030
Xiaogian Xi

XiYang

China Univerisity of Petroleum

Assessment of Economic Impact of Emission Trading
Schemes in China—Based on a Single Country CGE
Model

Liu Yu

Institute of Science and Development, Chinese
Academy of Sciences (CASISD)

Analysis of the Turkish Energy Sector with the
BUEMS Energy Modelling Framework

Gurkan Kumbaroglu

Mine Isik

llhan Or

Bogazici University

6. Student Best Paper Session
(Melati: 4003)

Anthony D OwenpPresiding

Professor

Energy Studies Institute, National University of
Singapore

Quality of Life Modelling in Terms of Energy
Consumption

Reza Nadimi

Tokyo Institute of Technology

Trend Contagion in WTI and Brent Crude Oil Spot
and Futures Prices - A Spread and Correlation
Analysis

Tony Klein

Technische Universitaet Dresden

The Impact of Securing Alternative Energy Sources o
Russian-European Natural Gas Pricing

Nathalie Hinchey

Rice University

The Impact of Wind Power Support Schemes on
Technology Choices

Nils May

DIW Berlin

7. Road Transport
(Melati 4004)

Paul KishimotoPresiding
Research Associate
MIT

Correlated Emission Reduction Measures Selection
under Uncertainty

Jun Yuan

Energy Studies Institute



Can Deregulation of CNG Reverse the Outcome of
Regulation? Evidence from Thailand's Transport
Sector

Thanicha Ruangmas

Corbett Grainger

Department of Agricultural and Applied Economics,
UW-Madison

Vehicle and Road Taxing Schemes in the United States and
its Effects on Greenhouse Gas Emission

Jerome Dumortier

Cali Curley

Indiana University - Purdue University Indianapolis

Oil Refining in a CO2 Constrained World:
Implications for Transport Policymaking
Amir F.N. Abdul-Manan

Saudi Aramco

The Purchase Intention of Electric Vehicles: Ration
Choice, Behavioral Habit and Policy Intervention
Bin-Bin Peng

Jin-Hua Xu

Chinese Academy of Sciences

Ying Fan

Beihang University

8. Energy Access and Energy Subsidies
(Melati 4102)

Omowumi lledarePresiding
Professor & Director
Emerald Energy Institute UNIPORT

Residential Energy Demand and Behaviour: its
Implication for Climate Mitigation Policies and
Energy Subsidy Reform in Thailand

Supawan Saelim

National Institute of Development Administration

Equilibrium Strategy for Gasoline Subsidy Policy
Removal

Muhammad |

Akimaya Carol Dahl

Colorado School of Mines

A Road Map for Energy Access and Development:
Lessons Learned in Chile for Developing Countries
Ricardo Raineri Bernain

Pontifical Catholic University of Chile

Cristian E Cardenas-Lailhacar

University of Florida

Competitiveness and Systemic Value of Different
Power Technologies - Lessons from and for the
Brazilian Case

Diogo Romeiro

GEE-IE/UFRJ

Edmar Almeida

Energy Economics Group, IE-UFRJ

Luciano D Losekann

GEE / UFF

9. Gas Market Integration
(Melati 4103)

Ronald RipplePresiding
Professor of Energy Bus and Fin
The University of Tulsa

Raising Rivals’ Costs: Vertical Market Power in New
England’s Wholesale Natural Gas and Electricity
Markets

Levi Marks

University of California, Santa Barbara
Matthew Zaragoza-Watkins

Kristina Mohlin

Environmental Defense Fund

Charles Mason

University of Wyoming

How ‘Integrated’ is an Integrated Oil and Gas
Company (IOC)? Understanding How and Why
I0Cs Pursue Alternative Business Models
Chi-Kong Chyong

David Reiner

EPRG, University of Cambridge

The Profitability of Transnational Energy
Infrastructure: A Comparative Analysis of the
Greenstream and Galsi Gas Pipelines
Roberto Cardinale

University College London

Estimation of the Efficiency of Policy Measures
Targeting a More Integrated Gas Market
Ekaterina Dukhanina

Chair on the Economics of Natural Gas
Olivier Massol

IFP School

Frangois Lévéque

Mines ParisTech

10. Aspects of Investment in Renewables
(Melati 4104)

Prudence Datd?residing
Student
Savoie Mont Blanc University

The Role of Multilateral Development Banks in
Enabling or Constraining New Power Generation
Technologies in Emerging Economies

Bjarne Steffen

Tobias S. Schmidt

ETH Zurich - Swiss Federal Institute of Technology

The Relationship Between Finance and Industrial
Policy in the Promotion of Renewable Technologye Th
Challenges to Promote Photovoltaic in Brazil

Gustavo O Andredo

Miguel Vazquez

Michelle Hallack

PPGE-UFF

Rural Electrification Trajectories
Anjali Nursimulu
Ecole Polytechnique Federale de Lausanne

Is ‘Being Green’ Rewarded in the Market?: An
Empirical Investigation of Decarbonization Risk and
Stock Returns

Soh Young In

Stanford University

Ki Young Park

Associate Professor in Economics, Yonsei University
Ashby Monk

Executive and Research Director, Stanford Gl
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CONCURRENT SESSIONS 11 - 20

Monday 19 June, 4:00 p.m. - 5:30 p.m.

11. Electricity Market: Forward Pricing and
Risks (Orchid: 4201AB-3 & 4301AB-3)

Adonis YatchewPresiding
Professor Department of Economics
University of Toronto

Electricity Price Forecasting Using Sale and
Purchase Curves: The X-Model

Florian Ziel

University Duisburg-Essen

Rick Steinert

European University Viadrina

Dynamic Environmental Efficiency Analysis on
China’s Generation Corporations, a Game Cross
Malmaquist Approach

Bai-Chen

Xie Jie Gao

Tianjin University

Optimising Market Structure using Market Power
Mitigation and Forward Contract in Electricity
Market Restructuring

Dzikri F Hakam Rafael

E Macatangay
University of Dundee

Liquidity and Risk Premia in Electricity Futures
Ivan Diaz-Rainey

Fergus Bevin-McCrimmon

University of Otago

Greg Sise

Energy Link Ltd.

Price Forecast Accuracy of Trading Agents in
Electricity Markets: The Role of Market
Informedness, Risk Aversion, and Trading Behaviour
Ezgi Avci Surucu

Eric Van Heck

Wolfgang Ketter

Erasmus University-RSM

12. Electricity Network Issues
(Orchid: 4211-2 & 4311-2)

Richard GreenRresiding
Professor Business School
Imperial College

Optimal Regulation of Network Expansion
Willems Bert

Tilburg University

Gijsbert Zwart

Groningen University

Cost Reflective Network Pricing - Some Lessons
from the Australian Experience

lain F MacGill

Anna Bruce

UNSW Australia

Network Tariff Challenge: Who Pays the Piper?
Johannes Reichl

Andrea Kolmann

Valeriya Azarova

Johannes Kepler University Linz

Cornelia Ferner

Dominik Engel

Salzburg University

11



Connecting the Heat and Electricity Market to
Accomodate Renewable Energy

Philipp Riegebauer

Researcher & Consultant, Centre of
Innovative Energy Systems (ZIES)

The Effects of Clean Electricity Certificates or th
Value of Transmission Rights

Olvar Bergland

Norwegian U of Life Sciences

Robert BrooksPresiding
President
RBAC Inc

Modelling Long-term Impacts of Renewable
Electricity Support Designs on Social Welfare
Kaveri K lychettira

Rudi A Hakvoort

Delft University of Technology

Pedro Linares

Comillas Pontifical Unversity, Madrid

Dynamic Investments in Flexibility Services for
Electricity Distribution with Multi-Utility Synerges
Jesus Nieto-Martin

Mark A Savill

Cranfield University

Derek W Bunn

London Business School

Modelling Time-of-Use Demand Response in a
Long-Term Whole Energy System Model, UK TIMES
Pei-Hao Li

Steve Pye

UCL Energy Institute

Decomposition of The Factors Influencing Export
Fluctuation in China’s New Energy Industry Based on
A Constant Market Share Model

Zhengxin Wang

Honghao Zheng

Tong Jin

Lingling Pei

Yigin Hu

Zhejiang University of Finance & Economics

Impact of Emission Trading Market Linkage on the
Carbon Price: Findings of the GTAP-E Model
Jiang Mengfei

Xi Liang

University of Edinburgh Business School

12

omas Tangera®residing
Research Fellow
Research Institute of Industrial Economics

Inter-regional Power Grid Planning up to 2030 in
China Considering Renewable Energy Developmen
and Regional Pollutant Control: A Multi-region
Bottom-up Optimization Model

Jia Jun-Jun

School of Management, University of Science and
Technology of China

Yi Bo-Wen

Xu Jin-Hua

Center for Energy and Environmental Policy
Research, Institute of Policy and Management,
Chinese Academy of Sciences

Fan Ying

School of Economics & Management, Beihang
University

Role of Renewables in the Future Energy Mix
Potentials of the Southeast Asian Nations
(ASEAN-10)

Emmanuel O Falobi

Olugbenga A Falode

Adeola F Adenikinju

CPEEL. University of Ibadan

Regional Cooperation in Renewable Energy Trade:
Prospects and Constraints in Meeting the Paris
Agreement

Venkatchalam Anbumozhi

ERIA

Kaliappa Kalirajan

Australian National University

Evaluating the Impact of Cross Border
Interconnections on Security of Supply
Agha Salman Muhammad

Khan Laurens J. De Vries

Delft University of Technology

Richard HochstetleRresiding
Instituto Acende Brasil

Policy Implications in a World with Renewables,
Limited Dispatchability, and Fixed Prices
Mathias Mier

University of Oldenburg

Klaus Eisenack

Humboldt-University of Berlin

The Impact of Increasing Renewable Generation
on the Operational Cost in the British Electricity
Transmission System

Manuel Ruppert

Wolf Fichtner

Viktor Slednev

Karlsruhe Institute of Technology

Sara Lupo

the University of Edinburgh
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Combined Effects of Electricity Market
Liberalization and Climate Policy: Lessons from
Europe

Bianka Shoai-Tehrani

Yasuhide Nakagami

Keigo Akimoto

Systems Analysis Group, Research Institute of
Innovative Technology for the Earth

Pascal Da Costa

Laboratoire Genie Industriel,
CentraleSupélec, Université Paris-Saclay

Distributed Generation in Brazil: Assessing the
Institutional and Market Design Barriers Preventing
Renewables Small-scale Generation Deployment
Clarice C Ferraz

Professor, Federal University of Rio de Janeiro

Mattia Baldini,Presiding
Technical University of Denmark

China’s Energy Efficiency: Re-estimation
Incorporating Human Capital and the Analysis of Its
Distribution Dynamics

Lingdi Zhao

Jian Feng

Ocean University of China

Capacity Subscription Mechanism for Community
Microgrids

Emi Gui

UNSW

Mapping Residential Thermal Comfort Gap at Very
High Resolution Spatial Scale: Implications for
Energy Efficiency Policy Design

Joao P Gouveia

Pedro Palma Julia

Seixas Sofia

Simoes

CENSE, FCT/NOVA University

Can the U.S. Keep the PACE? A Natural Experiment
in Accelerating the Growth of Solar Electricity
Nadia Ameli

UCL

Mauro Pisu

OECD

Daniel M Kammen

UC Berkeley

C Philip Andrews Speedresiding
Principal Fellow
Energy Studies Institute

How Costly is China’s Oil Import? Welfare
Loss Estimation of Foreign Oil Dependence
2001-2015

Zhan-Ming Chen

Shipei Zeng

Xiaohua Xia

Renmin University of China

Leo Lester

Lantou Group

Lin-Ting Zhang

University of British Columbia



Computation and Analysis on Taiwan Index of
Energy Security Risk

Hui-Wen Huang

Fu-Kuang Ko

Chia-Yu Han

Institute of Nuclear Energy Research

Assessing The Economic Implication Of Energy
Insecurity In Nigeria

Susan SAF Fubara

Israel Onyije

Omowunmi lledare

Emerald Energy Institute

Multinational Oil Companies and Energy Security in
The Emerging Economies

Yayan Satyakti

Department Of Economics University of Padjadjaran

18. Uncertainty in Power
Markets (Melati: 4102)

Pierre O. PineatRresiding
Professor
HEC Montreal

The Spatial Analysis of Wind Generation on Nodal
Prices: Evidence from New Zealand

Le Wen

Basil Sharp

Energy Centre, Business School, University

of Auckland

Impact of Wind Farms Aggregation on Large Syste
Scheduling Cost under Frequency Linked Deviatiol
Settlement Mechanism

Parul Mathuria

Anoop Singh

Department of Industrial and Management Engineering,
Indian Institute of Technology Kanpur

Impact of Geographical Diversification of Wind
Plants on Generation Adequacy — A German Case
Study

Michael Bucksteeg

University of Duisburg-Essen

Inefficiencies in Zonal Market Coupling Due to
Uncertainties in Generation Shift Keys

Bjorn Felten

Christoph Weber

Tim Felling

University of Duisburg-Essen

Expansion Governance Simulation for the Northern
Seas Offshore Grid

Joao Gorenstein Dedecca

Rudi Hakvoort

Paulien Herder

Delft University of Technology

Andres Ramos

Sara Lumbreras

Universidad Pontificia Comillas

19. Analysis of Climate Change Mitigation
Options (Melati: 4103)

Machiel Mulder,Presiding
Professor
University of Groningen

Global Climate Change Mitigation: Roel of BECCS
Gabrial Anandarajah

Olivier Dessens

UCL Energy Institute

The Global Impact of International Trade on
Embodied Carbon Emission: Evidence from An
Input-Output Analysis

Meicong Liang

Xin Wang

Fei Teng

Tsinghua University

Input-Output and Structural Decomposition

Analy-sis of Singapore’s Carbon Emissions
Bin Su

Energy Studies Institute, National University
of Singapore

Structural Path Analysis Applied to India’'s Carbon
Emissions

Yingzhu

Li Bin Su

Energy Studies Institute, National University

of Singapore

Shyamasree Dasgupta

Indian Institute of Technology Mandi

20. Perspectives on Emission Trading
(Melati: 4104)

Christian von HirschhauseRresiding
Professor
TU Berlin

The Importance of Consumption-based
Accounting in a Potential Trade-Carbon Emissions
Nexus Literature

Brantley Liddle

Energy Studies Institute, National University
Singapore

Understanding the Fairness of Countries’ INDCs
Under the Paris Agreement Goals

Xunzhang Pan

Academy of Chinese Energy Strategy, China
University of Petroleum-Beijing

Lining Wang

CNPC Economics & Technology Research Institute

A New Perspective on Global Carbon Emission
Inequality: Insights from Global Interpersonal
Carbon Gini-Index

Wang Tianpeng

Gao Haidi Teng

Fei

Song Shuangshuang

Tsinghua University

Mute Carbon Price? How to Restore Economic
Incentives in Emission Trading

Vera Zipperer

Karsten Neuhoff

DIW Berlin

Misato Sato

Grantham Research Institute on Climate Change an
the Environment LSE
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CONCURRENT SESSIONS 21 - 30 Tuesday

20 June, 11:00 a.m. - 12:30 p.m.

21. Energy Storage
(Orchid: 4201AB-3 & 4301AB-3)

Olayinka Williams,Presiding
Business School
Imperial College

Economic Case for Battery Energy Storage Systems (BESS)
for Frequency Regulation in Singapore

Gautam Jindal

Energy Studies Institute, National University of
Singapore

Intermittent Electricity Generation and Storage in the
Reunion Island: A long-term Economic Analysis Using a
Detailed Power System TIMES Model.

Ricardo Delgado

Angela Cadena

Universidad de los Andes

Stéphane Tchung-Ming

European Commission

Cost Mechanism for Deploying Energy Storage in
the Smart Grid Environment

Wooyoung Jeon

Chonnam National University

Steering the Adoption of Battery Storage Through
Electricity Tariff Design

Kevin Milis

Steven Van Passel

Herbert Peremans

Unversity of Antwerp

Electricity Storage, Emissions Taxes and the
Dynamic Value of Variable Renewable Energy
Miguel A Castro

Agricultural Food and Resource Economics. Michigan
State University

22. Liberalized Power Markets
(Orchid: 4211-2 & 4311-2)

Ricardo Raineri BernairRresiding
Professor
Pontificia Univ Catolica de Chile

Too Big to Fail in the Electricity Sector
Sebastian Osorio

Ann van Ackere

HEC Lausanne — University of Lausanne
Erik R Larsen

Aarhus Universiy

Deregulation and Utility Innovation: The Case of
Japanese Electric Sector

Nan Wang

Research Institute of Innovation Technology for the
Earth (RITE)

Gento Mogi

University of Tokyo

13



Regulatory Reform in the Japanese Electricity
Industry: An Event Study Analysis

Koichiro Tezuka

Nihon University

Masahiro Ishii

Sophia University

Satoru Hashimoto

Teikyo University

Electricity Market Liberalization and Institutional
Arrangement : An Agent-Based Model of Singapore
and Nigeria

Saheed L Bello

CPEEL/University of Ibadan

Will the Liberalized Market be Sufficiently
Competitive?

Richard L Hochstetler

Insitituto Acende Brasil

Yukari YamashitaPresiding
Board Member Director
Institute of Energy Economics

Energy Outlook and Energy Saving Potential in East
Asia Region

Phoumin Han

Energy Economist, Economic Research Institute

for ASEAN and East Asia (ERIA)

The Impact of International Oil Price on Asian
Natural Gas Premium Based on Dynamic
Autoregressive Model

Xinlei Yang

Liwen Ning

Xiucheng Dong

China University of Petroleum

Understanding the Value of Gas Infrastructure
in Supporting Southeast Asia’s Mid-Merit Power
Sector

Mike Thomas

Liutong Zhang

Leo Lester

The Lantau Group

Appropriate Electricity Modeling Approaches for Emerging
Economies: The Case of Laos and Kenya

Nkiruka | Avila

University of California, Berkeley

lain MacGill, Presiding
Associate Professor
University of NSW

A Comparative Analysis on Three Different
Supporting Methods to Expand Renewable Energies|
in Japan

Yoshiki Ogawa

Professor, Toyo University
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Activity Patterns in the Australian Green Certifiea
Market

Regina Betz

Zurich University of Applied Sciences

lain MacGill

CEEM / UNSW Australia

Beatrice Petrovich

University of St. Gallen

Johanna Cludius

ZHAW/ EPAG

Willingness to Pay for Green Electricity Based on
Contingent Valuation Method: Case Study of
Tianjin, China

Bai-Chen Xie

Li-Qiu Liu Wei

Zhao

Tianjin University

Development Pathways for Green Bonds: A
Comparative Case Study

Jacqueline Tao

Melissa Low

Energy Studies Institute, National University of
Singapore

Peter HartleyPresiding
Mitchell Professor of Economics
Rice University

Prospects for Renewable Energy Developments and
Role of Natural Gas

Hamdani Sid Ahmed

GECF

The Economics of Rate-of-return Regulation in the
Natural Gas Pipeline Industry

Olivier Massol

IFP School

Florian Perrotton

IFP Energies Nouvelles

What Drives Natural Gas Pricing? A Cross Country
Study

Dayong Zhang

Min Shi

Southwestern University of Finance and Economics
Xunpeng Shi

University of Technology Sydney

The Actual Impact of Shale Gas Revolution on the
U.S. Manufacturing Sector

Yassine Kirat

University of Paris 1, Paris School of Economics

A Real Option Model for Investment Strategy on
Underground Gas Storage Facilities Considering
Market Reform in China

Zhang Qi

Chen Siyuan

Wang Ge

Li Yan

China University of Petroleum, Beijing

4

Inga KonstantinaviciuteRresiding
Sr Research Associate
Lithuanian Energy Institute

Energy Efficiency Policy: A Review of Instruments
and Potential Interaction Effects

Catharina Wiese

Lise-Lotte Pade

Technical University of Denmark

Anders Larsen

Roskilde University

Designing Better Energy Efficiency Policies: A
Science of Improvement Perspective

Kah Hin Chai

Yuli Samantha

National University of Singapore

Reluctance to Adopt Energy Efficiency Renovation in
Chinese Households — A Behavioural Perspective
Jiefang Ma

Kun Song

Tianjin University

Henk J Visscher

Queena K Qian

Delft University of Technology

Consistent Cost Curves for Identification of
Optimal Energy Savings

Henrik Klinge Jacobsen

Mattia Baldini

Technical University of Denmark

Su Bin,Presiding
Energy Studies Institute NUS

Creation of an Electricity Satellite Account Abstra
Kevin Connolly

Stuart Mclintyre

Grant Allan

University of Strathclyde

Dynamic Demand Functions and Underlying
Demand Trends: A Horse Race Between Rolling
Regression and Structural Time Series Models
David Broadstock

Hong Kong Polytechnic University

Dong Wang

Xiaogi Chen

Southwestern University of Finance & Economics,
China

Gaining Better Insights in Respect to Energy
Transition Processes - The Concept of Context
Scenarios

Witold-Roger Poganietz

Karlsruhe Institute of Technology (KIT)



28. Experiences with Emission Trading Systems
(Melati: 4102)

Hari M P VariamPresiding
Research Associate
ESI NUS

The Impact of the EU Emissions Trading Scheme
(EU ETS) on Firms’ Performance and Energy
Efficiency

Georgia Makridou Kostas

Andriosopoulos

ESCP Europe Business School

lordanis Kalaitzoglou

Audencia Business School

Michael Doumpos

Spiros Papaefthimiou

Technical University of Crete

The Behaviour-price Dynamics in the EU ETS
Yinpeng Liu

Jianfeng Guo

Chinese Academy of Sciences

Ying Fan

Beihang University

Jigiang Wang

Tianjin University

Explore Financial Innovation for Linkage EU
ETS and China ETSand China ETS

Lan Wang

Xi Liang

University of Edinburgh

Assessment of Carbon Leakage Through Channels:
The Hubei Pilot ETS Perspective

Xiujie Tan

Jingbo Cui

Wuhan University

Yu Liu

Chinese Academy of Sciences

Bin Su

Energy Studies Institute

29. Energy Security and the Environment
(Melati: 4103)

Anne NeumannPresiding
Chair for Economic Policy
Universitat Potsdam

Peer Review on Energy Efficiency in the Philippines
A Follow-up

Elvira T Gelindon

Asia Pacific Energy Research Centre

Naomi Wynn

Department of Industry Australia

The Opportunity Cost of Climate Mitigation Policy
by Promoting Renewable Power Generation in the
Philippines

Angga Pradesha

International Food Policy Research Institute
Sherman Robinson

Rowena

Valmonte-Santos Alam

Mondal

Mark Rosegrant

IFPRI

Evaluation of Market Liberalization in Developing
Countries in the Case of the ASEAN and the
Philippines in Particular

Koji Jaeger

Yuk Li

Stefan Scharl

Aaron Praktiknjo

RWTH Aachen University

Choosing the Green Energy Option: Willingness tp Pa
of Metro Manila Residents for Solar Energy

Paolo R. Magnata

Ateneo de Manila University

30. Market-based Prices and Renewables
(Melati: 4104)

Paul BurkePresiding
Australian National University

Derivatives as a Commitment Device : on the Use o
Swaps in Electricity Markets

Chloe Le Coq

Stockholm School of Economics (SITE)

Sebastian Schwenen

Technische Univ. Munchen & DIW

Adequacy of Renewable Energy Policies: A
Preliminary Assessment

Muyi Yang

Suwin Sandu

Deepak Sharma

Centre for Energy Policy, University of
Technology Sydney

The Interaction Effect of Bidding Mechanism and
Renewable Portfolio Standards on Renewable
Energy Projects

Zhang Qi

Wang Ge

Li Yan

Chen Siyuan

China University of Petroleum, Beijing

Carbon Pass-through Rates on Spot Prices in
Australian Electricity Markets

Fatemeh Nazifi

Stefan Triick

Macquarie University

CONCURRENT SESSIONS 31 - 40 Tuesday

20 June, 4:00 p.m. - 5:30 p.m.

31. Restructuring Energy Markets: International
Experience
(Orchid: 4201AB-3 & 4301AB-3)

Brantley Liddle,Presiding
Senior Fellow
Energy Studies Institute NUS

The Impact of Electricity on Economic
Development: A Macroeconomic Perspective
David | Stern

Paul J Burke

The Australian National University
Stephan B Bruns

University of Goéttingen

44

Electricity Subsidy Reform in Indonesia:
Demand-Side Effects on Electricity Use
Paul J Burke Sandra

Kurniawati

Australian National University

Electricity Sector Reform and The Impact of
Demand Side Management in Sri Lanka
Minoli D Amarasinghe

John Foster

Colin Brown

The University of Queensland

Liam Wagner

Griffith University

Technology Choices in the U.S. Electricity Industry
Before and After Market Restructuring
Zsuzsanna Csereklyei

David | Stern

Australian National University

32. Power Grid Flexibility
(Orchid: 4211-2 & 4311-2)

Lars BergmanPresiding
Former President and Professor
Stockholm School of Economics

The Impact of the Publication of Unplanned Power
Plant Non-usabilities on Intraday Electricity Esce
Empirical Evidence for Germany and Austria

Niyaz Valitov

University of Wuppertal

Andreas Maier

QUADRA Energy GmbH

Efficiently Coordinating Grid Flexibility - Via
Energy Markets or Network Charges
Christine Brandstatt

Jacobs University Bremen

Situation Depending Dimensioning of Balancing
Reserves in Interconnected Transmission Networks
Jens D. Sprey

Albert Moser Patrick

Schultheis

Institute for Power Systems and Power Economics
(IAEW), RWTH Aachen University

Proactive Network Planning in Medium Voltage
Level

Marius Sieberichs

Albert Moser Jens

Sprey

Institute for Power Systems and Power Economics
(IAEW), RWTH Aachen University

Techno-economic Analysis of Reactive Power
Provision in Decentralizing Energy Systems
Fabian Hinz

Dominik Most

Chair of Energy Economic, TU Dresden
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Emmanuel FalobiPresiding
CEO
PetroKnowledge Energy Consulting

Water Transfer Through Interprovincial Trade within
China: From the Perspective of Value Chain

Xi Liu Zengkai

Zhang Guozhu

Mao Huibin Du

Tianjin University

Juan Moreno-Cruz

John Crittenden

Georgia Institute of Technology

Regional Electricity and Renewable Integration:
Benefits of Hydropower Reservoirs
Pierre-Olivier Pineau

Sebastien Debia

Leonard Langlois

Sylvain Perron

HEC Montreal

Backing Out Expectations from Hydropower
Release Time Series

Stein-Erik Fleten

Alois Pichler

Maren Boger

Einar M Vestbgstad

Norwegian University of Science and Technology
Jussi Keppo

NUS Business School

Yujia Jacqueline Tadresiding
Research Associate
University of Singapore

Improving the Business Case for Consumer-level
Energy Storage in the UK

Giorgio Castagneto Gissey

UCL Energy Institute, University College London

The Economics of Prosumage: Quantification of
Business Opportunities in Germany, California,
Australia, India, and South Africa

Charlotte Rochell

Ralf Ott

Maximilian Eissler

Philipp Zorn

TU Berlin

Clemens Gerbaulet

TU Berlin and DIW Berlin

The Welfare Effects of Strategic Storage Use in
Deregulated Energy Markets

Olayinka o Williams

Richard J Green

Imperial College Business School
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Alberto Lamadrid Presiding
Assistant Professor
Lehigh University

Optimal Timing of Phasing out Fossil Fuel Producer
Subsidies

Xu Zhao

China University of Petroleum, Beijing

Total-factor Energy Efficiency with CO2 Emission:
A Study Based on Pollution Generation and
Abatement Process

Fei Wu

Dequn Zhou

Peng Zhou

Nanjing University of Aeronautics and Astronautics

The Effects of Energy Related Environmental
Regulation on Exporters’ Exiting Behavior: The
Evidence from China

Dongmei Tu

Shaoxin

Wang Yao Li

University of Electronic Science and Technology
of China

International Coal and Renewables Financing and
Climate Change

Han Chen

Natural Resources Defense Council

Valerie KarplusPresiding
Asst Prof MIT Sloan School of Mgt
Dir MIT Tsinghua China Energy

Exploring the Changes of Industrial CO2 Intensity i
China: An Integrated Decomposition Approach
Qunwei Wang

Nanjing University of Aeronautics and Astronautics
Hang Ye

Soochow University

How to Promote Green Purchase: A Behaviour
Experiment Analysis Based on Game Theory
Jing Wei Jia

Wan Zou Li

Xiao Zhao

China University of Petroleum (Beijing)

An Interprovincial Cooperative Game Model for
Power-saving and Carbon-reducing in China
Zeng Lijun

Zhao Laijun

Shanghai Jiaotong University

Does the Co-existence of Carbon Emission Trading
and White Certificate Make Sense? The Case of
China

Lei Zhu

Beihang University

45

Albert Hiesl,Presiding
Student
Vienna University of Technology

How Can We Meet the Paris Agreement Target? -
An Integrated Modelling Approach

Koji Tokimatsu

Tokyo Institute of Technology

Masahiro Nishio

National Institute of Advanced Industrial Sciencel a
Technology

Rieko Yasuoka

Systems Research Center, Co. Ltd

Modeling a Global Energy System based on 100%
Renewables

Konstantin Loffler

Pao-Yu Oei

DIW Berlin / TU Berlin

Karlo Hainsch

Thorsten Burandt

TU Berlin

Decarbonizing the Indian Energy System until 2050
Karlo Hainsch

Thorsten Burandt

Konstantin Loffler

TU Berlin

Christian von Hirschhausen

Pao-Yu Oei

TU Berlin, DIW Berlin

Taiwan’s Economic Responses to Different Carbon
Trajectories of China and Taiwan

Shih-Mo Lin

Kuei-Feng Chang

Jin-Xu Lin

Chung Yuan Christian University

Yen-Heng Chen

Massuchusas Institute of Technology

Long-Term Decarbonisation Energy Pathways for
Malaysia Using a Hybrid Demand-Supply Model
Kumar Maragatham

University College London

Strachan Neil

UCL Energy Institute

Casimir LorenzPresiding
Student
TU Berlin

Two Scenarios for Carboncapture and Storage in
Vietnam

Minh Ha-Duong

CIRED, CNRS

Hoang Anh Trinh Nguyen

USTH

Mitigating Carbon Lavishness by Multiple Carbon
Re-Use

Stefan Petters

Carbotopia Syndicate

Kalvin Tse Klaus

Mauthner

Carbotopia Team Member



Rethinking the Way to Decarbonize the Energy
System: Prospective Study of Hydrogen Markets
Attractiveness

Olfa Tlili

Yannick Perez

RITM, University Paris-Sud and Laboratoire Génie
Industriel, CentraleSupélec, Université Paris-Saclay
Claude Heller

Jean André

Air Liquide R&D

Camille Cany

Christine Mansilla

Alain Le Digou

I-tésé, CEA, Université Paris Saclay

A Global Coal-Phase-Out and the International Coal
Market: A Focus on Demand-side and Supply-side
Policies in China and India

Roman Mendelevitch

Humboldt-Universitat zu Berlin

Franziska Holz

DIW Berlin

Pao-Yu Oei

Casimir Lorenz

TU Berlin / DIW Berlin

Analyzing the Consequences of a Shifting Steam
Coal Demand to Asia: Insights from the World Steam
Coal Market Model COALMOD

Ivo Valentin Kafemann

Franziska Holz

Tim Scherwath

German Institute for Economic Research (DIW)
Roman Mendelevitch

Humboldt-Universitat zu Berlin

39. Oil Prices
(Melati: 4103)

Fabian Moisl Presiding
Vienna University of Technology

The Impact of Fluctuation of US Dollar Index on Geu
Oil Prices: Fast Fourier Transform Approach

Lin Li

Jinhua Cheng

Feng Zeng

Wenqi Zhu

China University of Geosciences (Wuhan)

Buffer vs. Speculation: A Review on the Role of
Crude Oil Inventory

Soohyeon Kim

Eunnyeong Heo

Seoul National University

Actual or Numerical? A Discussion on Crude Oil
Prices and Exports

Zhu Wengqi Zhu

Yongguang Xu

Deyi Cheng

Jinhua Hu Peiqi

Li Lin
China University of Geosciences

The Effect of Speculation in Futures Market on Oil
Price

Chih-Chun Liu

CTCI Foundation

Liang ChiYuan

National Central University

40. Transportation Pollution Issues (Melati: 4104

Jerome DumortieRresiding
Assistant Professor
IUPUI

Effectiveness and Equity Comparison of Personal
Carbon Trading and Carbon Tax in Private
Transport: Based on Driving Decision Model and
Case Study in China

Lele Zou

Yingzi Wang

Chinese Academy of Sciences

Effects of Container Ship Speed on Supply Chains’
CO2 Emission

Nguyen Khoi Tran

Jasmine Siu Lee Lam

Nanyang Technological Univeristy

What Drives the Decrease in Average CO2
Emissions from New Passenger Cars in Finland or ig
it all Just Scam?

Xun Zhou

Timo Kuosmanen

Aalto University School of Business

CONCURRENT SESSIONS 41 - 50 Wednesdj

21 June, 9:00 a.m. - 10:30 a.m.

41. LNG Markets and Trade
(Orchid: 4201AB-3 & 4301AB-3)

James SmittPresiding
Professor of Finance
Southern Methodist University

Integrated Gas-to-Liquefied Natural Gas Projects:
Government Revenues in Australia and Industry
Concerns

Diane Kraal

Senior Lecturer, Monash University

Natural Gas Transits and Market Power - The Case
of Turkey

Florian Weiser

Simon Schulte

ewi Energy Research & Scenarios gGmbH

A Reference Framework for Formulating Gas Hub
Prices: A Case Study of East Asia

Xunpeng Shi

UTsS

Hari Mp

Energy Studies Institute, NUS

Comparative Study of the Evolution of Natural Gas
Spot Prices in Asia and North America

Hari Malamakkavu Padinjare

Variam Allan Tian Sheng Loi

Energy Studies Institute

LNG Tipping Points in the GMT+8 Time Zone
Mark Stickells

Andrew Pickford

University of Western Australia
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42. Solar Energy (Orchid: 4211-2 & 4311-2)

Gautam JindaPresiding
Research Associate
ESI NUS

A Systemic Approach to Evaluate PV Economics
and PV Policy Strategies

Hyun Jin Julie Yu

CEA Saclay/DAS/ I-tese

Prospects of Solar CSP Integration in the Oil & Gas
Industry in the Middle East for Process Heating
Saqib Sajjad

Energy Efficiency Section Head, Abu Dhabi Gas
Industries Ltd.

Modelling Potential Sites for Solar PV Plants in
Northwest Nigeria Using Geoinformation Tools
Saheed A Raji

Federal University of Petroleum Resources

The Impacts of Photovoltaic Electricity
Self-consumption on Value Transfers Between

Private and Public Stakeholders in France

Jonathan Richard Ludovic Roulot

Ecole Centrale de Nantes and Pontificia Universidad
Catolica de Chile

Ricardo Raineri Bernain

Pontificia Universidad Catélica de Chile

The Opportunity of Local Network Credits for
Households with PV Systems and Efficient Air
Conditioner Equipment

Sebastian Oliva H.

Doctor, Energy Centre, University of Chile

43. Urbanisation and Energy
(Orchid: 4206 & 4306)

Jiefang MaPresiding
Tianjin University

Residential Electricity Consumption and Time-use
Measured Lifestyle: Quantifying the Impacts of
Urbanization in China

Pui Ting Wong

Yuan Xu

The Chinese University of Hong Kong

Effects of China’s Urban Form on Urban Energy
Consumption

Caiyun Bian

Qi Zhang Lu

Lin

Academy of Chinese Energy Strategy, China
University of Petroleum-Beijing

The Relationship Between Urban Characteristics
and Transport Expenditures of Chinese Households
Paul N Kishimoto

Massachusetts Institute of Technology

Urban Agglomeration Economies and Industrial
Energy Efficiency: An Empirical Analysis Based on
Dynamic Spatial Durbin Model

Feng Han

Institute of Politics and Economics, Nanjing
Audit University

Jiayu Fang

Rui Xie

School of Economics and Trade, Hunan University
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Anne Sophie Corbea®residing
KAPSARC

Arguments For and Against LNG as a Base for
Russian Gas Exports to Asia

William K P Kucera

Centre for Energy, Petroleum and Mineral Law and
Policy, University of Dundee

A Strategy of LNG Exporting Countries for Trading
in the Northeast Asian Region: Price Competition,
Leadership or Collusion?

Gobong Choi

Eunnyeong Heo

Seoul National University

Long-term Gas Contracts Evolution in the Changing
Industry Environment

Shohrat Niyazmuradov

Eunnyeong Heo

Seoul National University

NUMBYISM: Public Risk Perception and Attitude
Toward Shale Gas Development-evidence from

China

Tan Huimin

Southwestern University of Finance and Economics
Gabrielle Wong-Parodi

Carnegie Mellon University

Xu Jianhua

Peking University

LNG Consumption: Prospects of World and Asian
Demand in the Face of Nuclear Energy Evolution
William Clavijo

Renato Queiroz

Edmar Almeida

Federal University of Rio de Janeiro

Niagara Rodrigues

Federal Fluminense University

Michel BerthelemyPresiding
Economist
CEA

Fostering Nuclear Safety Through Local Monitoring:
Evidence from Incident Data in the French Fleet
Romain Bizet

Petyo Bonev

Francois Lévéque

Mines ParisTech

Would there be a Clear Winner Between
Renewables and Nuclear Energy in the Climate
Debate?

Victor Nian

Research Fellow, Energy Studies Institute,
National University of Singapore

Scenarios for Decarbonizing the European
Electricity Sector without Nuclear Power
Clemens Gerbaulet

Casimir Lorenz

Christian von Hirschhausen

Pao-Yu Oei

TU Berlin and DIW Berlin

Claudia Kemfert

DIW Berlin

Decommissioning of Nuclear Power Plants and
Storage of Nuclear Waste in Western Europe and
the U.S. - Lessons Learned and Perspectives for
Asian Nuclear Countries

Ben Wealer

Christian von Hirschhausen Jan

Paul Seidel

Berlin Institute of Technology

Lixia Yao, Presiding
Research Fellow
ESINUS

Transition Pathway Towards China’s Low-carbon
Energy Economy

Yuyan Weng

Xiliang Zhang

Tsinghua University

Tianyu Qi

The Boston Consulting Group

The Impact of Stricter Standards on CO2 Emission
Across Industries

Zhizhan Duan

Chuang Xu

Dongwen Tian

Beihang Univerisity

Research on the Effect of Export Tax Rebate Rate
Adjustment on Industrial Emission in China
Shengling Bai

Chaofan Yang

Beihang University

Estimation on Costs and Potentials of Carbon
Emission Reduction of Beijing- A Modified
Multi-Objective Programming Approach
Yigang Wei

Beihang University

Yan Li

Shandong Normal University

Lei Zhu,Presiding
Associate Professor
China/BUAA

Minimising Customer Bill Increases in a
Decarbonising and Decentralising Electricity System
Paul W Graham

Thomas Brinsmead

CSIRO

47

Persistence of the Effects of Providing Feedback
Alongside Smart Metering Devices on Household
Electricity Demand

Joachim Schleich

Corinne Faure

Grenoble Ecole de Management

Marian Klobasa

Fraunhofer ISI

Leveraging Customer Perceived Value within
Transformation of Electric Utilities: The Case of
New Brunswick

Tugcan Sahin Yuri

Yevdokimov

Dhirendra Shukla

Viktor Getalo Chris

Diduch

University of New Brunswick

Energy-Intensive Adaptation to Particulate Matter
Pollution: The Case of Electricity Consumption by
Korean Households

Euikon Jeong

Jiyong Eom

Jaewoong Lee

KAIST College of Business

How Real Time Pricing Modifies Chinese
Households’ Electricity Consumption?
Hongxia Wang

Xueying Yu

Hong Fang

Beihang University

Yingzhu Li, Presiding
Research Fellow
Energy Studies Institute NUS

Social Awareness And Household Carbon Emission
In China

Li Jun

Zhang Da Yong

Southwestern University of Finance and Economics

Interaction Between Electricity Market Reform and
Carbon Pricing: Insights from a Strengthened Seyuti
for Carbon Leakage in China

Xin Wang

Meicong Liang

Fangyuan Qian

Fei Teng

Tsinghua University

Pricing Carbon and China’s Industrial Energy
Consumption: Exploring the Sectoral Heterogeneity
Banban Wang

Jie Wei

School of Economics, Huazhong University of
Science and Technology

The Environmental Potentials of China’s Electricity
Reform

Yang Yu

Stanford University

Jianxiao Wang

Tsinghua University

Dynamic Development of Regional Social
Economy-Energy-Environment in China
Fang Hong

Li Jing

Beihang University



49. Oil Infrastructure
(Melati: 4103)

John JimisonPresiding
Senior Advisor
Energy Future Coalition

Technical and Economic Viability of Producing
Marginal Oil Fields In The Niger-Delta Using Water
Injection

Rita U Onolemhemhen

Sunday O Isehunwa

Akin P lwayemi

Adeola F Adenikinju

CPEEL, University of Ibadan

The Relationship Between US Rig Count and
BRENT WTI Spread

Huei-Chu R Liao

TamKang University

Shu-Chuan Lin

Chinese Petroleum Corporation

Enhanced Oil Recovery as a Stepping Stone to
Carbon Capture and Sequestration

Dana M Abdulbagqi

Mohammed AlShaikh

Saudi Aramco

Carol Dahl

Colorado School of Mines and Luleo Technical
University

Investment Management of Petroleum Fund on
Exploration and EIOR Activities in Indonesia
Christine L Wowor

Institute of Technology Bandung

Luky A Yusgiantoro

Atma Jaya Catholic University
Wahyusaputro S Bernardus

Economic Implications of Oil and Gas Supply
Infrastructure Disruption in Nigeria

Onuoha I Nnachi

Omowumi J lledare

Israel J Onyije

Emerald Energy Institute, University of Port Harcourt

50. Power Market Reform around the World
(Melati: 4104)

Bruce MountainPresiding
Director
Carbon Market Economics

Market Power and Policy in Deregulated Electricity
Market with Penetration of Renewable Energy in
China

Dequn Zhou

Peng Zhou

Zhaotian Chong

College of Economic and Management, Nanjing

University of Aeronautics and Astronautics

Avoiding Pitfalls in China’s Electricity Reforms
Michael Davidson

Ignacio Pérez-Arriaga

Massachusetts Institute of Technology

An Empirical Study of Capacity Remuneration in
Electricity Markets: Impact on Power Industrial
Prices

Charlotte Scouflaire

Université Paris Dauphine

Agent-Based Analysis of Cross-Border Effects for
Switzerland by Introducing a Decentralized

Capacity Market in France and a Strategic Reserve
in Germany

Florian Zimmermann

Wolf Fichtner Dogan

Keles

Chair of Energy Economics at Karlsruhe Institute
of Technology (KIT)

Understanding the Response to Disruptions in the
Electricity System

Alberto J. Lamadrid

Assistant Professor, Lehigh University

CONCURRENT SESSIONS 51 - 60 Wednesday

June, 11:00 a.m. - 12:30 p.m.

51. The Political Economy of Oil Supply
(Orchid: 4201AB-3 & 4301AB-3)

Aaron PraktiknjoPresiding
Assistant Professor
RWTH Aachen University

Enhancing Sustainable Development from Oil, Gas,
Mining: From an ‘All of Government’ Approach to
Partnerships for Development

Kathryn M McPhail

Independent Adviser, Volta Associates

Balancing Upstream Investment Performance and
Government Take: Empirical Evidence of the
Mechanics and Impact of Petroleum Fiscal Terms
Oyebimpe Adeogun

Omowumi O lledare

Emerald Energy Institute, University of Port Harcbu

A Network Game Theoretic Approach for Northeast
Asian Pipeline Options

Hanee Ryu

Hanyang University

Assessment of Oil Supply Risk: The Case of South
Asia

Mohsin Muhammad

Peng Zhou

University of Aeronautics and Astronautics

52. The Growth of Solar Power
(Orchid: 4211-2 & 4311-2)

Jonathan RouloBresiding
Ecole Centrale Nantes

The Price-Concentration Relationship in Early
Residential Solar Third Party Markets
Jacquelyn Pless

University of Oxford

Ria Langheim

Center for Sustainable Energy

Ben Sigrin

National Renewable Energy Laboratory

483

Solar Securitization: Challenges, Financial
Arrangements and Policy Implications
Jacqueline Yujia Tao

Yujie Lu

Anton Finenko

Rubenrajoo S Rengarajoo

National University of Singapore

Sharing Decentralized Photovoltaic Systems:
Technical and Economical Effects of Collaboration
Concepts

Albert Hiesl

Reinhard Haas

Michael Hartner

TU Wien, EEG

53. Modelling Electricity Demand
(Orchid: 4206 & 4306)

David BroadstockPresiding
Deputy Director CESEF
Hong Kong Polytechnic University

The Social Value Of Demand Response and its
Integration in Capacity Mechanisms

Xavier Lambin

TSE -- ENGIE

Long-term Forecast of Industrial Electricity Demand
A DSO Vision: Scale Really Matters!

Mathieu Bordigoni

Enedis

Modeling Demand-Price Curve: A Clustering
Approach to Derive Dynamic Elasticity for Demand
Response Programs

loannis p Panapakidis

Technological Educational Institute of Thessaly
Athanasios S Dagoumas

University of Piraeus

Estimating the Resource Adequacy Value of
Demand Response in the German Energy-only
Market

Hamid Aghaie

AIT Austrian Institute of Technology

German Continuous Intraday Market: Orders Book’s
Behavior Over the Trading Session

Clara Balardy

EPEX Spot/ Université Paris-Dauphine

54. International Dimensions of Climate Change
Policies
(Melati: 4001AB & 4101AB)

Regina BetzPresiding
Zurich Univ of Applied Sciences

Welfare Implications of EU Effort Sharing Decision
and Possible Impact of a Hard Brexit

Marc Vielle

EPFL (LEURE)

Frédéric Babonneau

EPFL-ORDECYSY

Alain Haurie

ORDECSYS
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Global Climate Change Mitigation: Strategic
Interactions or Unilateral Gains?

Sigit Perdana

Rod Tyers

University of Western Australia

Latitudinal Effect on Energy Savings from
Daylight Saving Time

Olvar Bergland

Norwegian U of Life Sciences

Faisal M Mirza

University of Gujrat

Trade Sanctions and the Stability of International
Environmental Agreements

Jan Schneider

University of Oldenburg

Achim Hagen

Humboldt-Universitét zu Berlin

Nguyen Khoi TranPresiding
Research Fellow
Nanyang Technological University
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Abstract

This study adopted the International Index of Epe3gcurity Risk developed by U.S. Chamber
of Commerce (USCC) and the Taiwan’s domestic datainplete the localized energy security
risk analysis for the past years. The result shthas since 2012, the overall risk of energy
security has declined, mainly due to the recenucton of global crude oil prices and
slowdown in crude oil prices volatility. In additip Taiwan has been over-concentrated in a
particular country for natural gas import in thespgears, which induced high risk of exposure
of energy import for a specific period of time. Thsue has been adequately mitigated by
means of increasing the importing countries to aobadiversity and to reduce the risk
exposure.

In order to predict the future Taiwan’s energy siguisks under three proposed scenarios, this
study integrates three tools: USCC Internationargy Security Risk Index, TIMES Model and
GEMEET Model.

The proposed scenarios include: Business As U8#dUY, Optimistic Scenario and Moderate
Scenario. In compliance with the government’s canmuction policy, for Optimistic Scenario
and Moderate Scenario, large scale renewable engegyfired power generation, coal-fired
power plants with carbon capture and storage (C&$)used, ans electricity demand is
suppressed. The main differences between the tewasos are: in Optimistic Scenario, the
construction of renewable energy facilities is maixed. However, in Moderate Scenario, it is
assumed that sufficient renewable energy faciliti@snot be built. As a result, more gas-fired
power generation and coal-fired power plants witSCare used, and more electricity demand
is suppressed to achieve the same carbon redusgprrement. Under these scenarios, the
carbon dioxide emission continued to decline ygaydar. In BAU, carbon dioxide emission is
not controlled. The fossil fuel power plants aressmzely used to replace the nuclear power
generation. As a result, the scores of ,G@lated risk index of Optimistic Scenario and
Moderate Scenario are significantly lower than ¢ghosSBAU.

However, in Optimistic Scenario and Moderate Sdenar large amount of fossil fuel is still
need to be imported, and the fossil fuel priceg wontinue to rise. Therefore, the negative
impact of importing fossil fuel combined with prieising has offset the positive impact of
reducing carbon dioxide emissions. Therefore, fptifBistic Scenario and Moderate Scenario,
the overall energy security risks of in 2050 arerekigher than that in 2015.
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Introduction

Taiwan is lack of self-produced energy. About 9&pat of energy is imported, including coal, natura
gas and nuclear power. In recent years, Taiwanrgowen proposed a very challenging goal: Intended
Nationally Determined Contribution (INDC) and Greense Gas Reduction Act. For this reason, a set of
Taiwan index of enrgy security is crucial to ind&#he critical poitnts for reaching the goal.

Since this international energy security risk indexers a wide range of aspects, this study usesoibl
to conduct a comprehensive localized data to aeayergy security risks in the past. In additibe, énergy
security risk index, energy model-TIMES and ecoromodel-GEMEET were integrated to predict the
energy security risks in 2050. The cases stud@ade Business As Usual (BAU), Optimistic Scenario,
Moderate Scenario.

The Institute of Nuclear Energy (INER) initiatedeegy model research with MARKAL model in 2006.
Ko, F.K. et al. adopted MARKAL model to perform teeidy of “Taiwan's power sector long-term carbon
dioxide emission reduction targets and scenaritjs'li 2015, Chen, J. S. et al. combined with the
MARKAL model and International Energy Security Risklex to perform energy security risk analysis [2]
In 2016, in order to improve the fixed time intdrissue, INER introduced the TIMES model with the
advantages of Time Slice. In 2017, Huang, YC usesS'tMES model to perform "Grid-Level Taiwan
Analog Energy Storage System Analysis "[3] study.

The General Equilibrium Model for Energy, Environmhand Technology analysis (GEMEET) model used
in this paper is developed jointly by INER and @erior Applied Economic Modeling in Chung Yuan
Christian University since 2007. The related jaihtesearches were performed on “Technological Gihang
and the Rate of Feed-in Tariff” (2012) [4] and “Assing Taiwan's Energy Security under Climate Chang
(2015) [5].

Localization of Input Data for Taiwan’s Index of Energy Security Risk

In the USCC International Index of Energy SecuRtgk, the individual energy security measures
selected were organized around eight broad cagsgavhich include global fuels, fuel imports, ererg
expenditures, price and market volatility, energg intensity, electric power sector, transportasiector,
and environmental. Table 1 shows the categoriesmaplitation of international index of energy seatur
risk of USCC.

Based on the eight categories, 29 individual me{stiown as Figure 1) were developed covering a wid
range of energy supplies, energy end uses, gemgiapacity, operations, and emissions. The majurti
data sources for USCCJ6][7] are from U.S. Enerdpimation Administration (EIA), International Engrg
Agency (IEA), and World Bank. Each year, USCC aralpp energy consumers in the world, including
Taiwan. In the past few years, USCC did not adoptinput data directly published by Taiwan governine
As a result, the analyzed indicators did not cdalyaeflect Taiwan's energy security risks.

In recent years, the staff of Institute of NuclEaergy Research (INER) has continued to communicate
with USCC research team to understand how to Gtlewhetrics. The INER staff used the information
published by Bureau of Energy and Directorate Gara#rBudget, Accounting and Statistics, Taiwarj98]
as input data for the analysis of energy safelyiridexes. Hence, the results can correctly refleeflaiwan
energy security risk.

The USCC research team also obtained informatmm the website of Bureau of Energy, Taiwan, and
revised information on Taiwan's input over the ge@urrently, the energy security risk analysisiitss
analyzed by the USCC research team and the INERhst#e been closer (shown as Figure 2). It is also
shown that the energy security risk result of thigaBization for Economic Co-operation and Developime
(OECD) average-country, analyzed by USCC, is Iadvan that of Taiwan over the years.
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Since 2012, the overall risk of energy security #@dined; mainly due to the recent decline in glob
crude oil prices and slowdown in global crude oit@s volatility were affected. In addition, theoeomic
turmoil in 2008 also induced energy demand redndhid?009, making crude oil prices decrease, ankkema
the overall energy security risk a short term aein 2009 (shown as Figure 3).

Table 1 Category and implication of internatiomadéx of energy security risk of USCC [1]

Category

Implication

Global Fuels (14%)

Measuring the reliability and diversity of globakerves and supplies of oil,
natural gas, and coal. Higher reliability and déigr mean a lower risk to
energy security.

Fuel Imports (17%)

Measuring the exposure of the national economiesuriceliable and
concentrated supplies of oil, natural gas, and. ddigiher supply reliability
and diversity and lower import levels mean a lovigk to energy security.

Measuring the magnitude of energy costs to nati@eanomies and the

Energy Expenditures (20%) exposure of consumers to price shocks. Lower @stisexposure mean a

lower risk to energy security.

Price and Market
Volatility (15%)

Measuring the susceptibility of national economteslarge swings in
energy prices. Lower volatility means a lower tislenergy security.

Energy Use Intensity
(14%)

Measuring energy use in relation to population emmhomic output. Lower
use of energy by industry to produce goods and@Emeans a lower risk
to energy security.

Electric Power Sector
(7%)

Measuring indirectly the reliability of electricityenerating capacity. Higher
diversity means a lower risk to energy security.

Transportation Sector (7%)

Measuring efficiency of energy use in the transpgextor per unit of GDP
and population. Greater efficiency means a lows t@ energy security.

Environmental (6%)

Measuring the exposure of national economies timmatand international
greenhouse gas emission reduction mandates. Lawissiens of carbon
dioxide from energy mean a lower risk to energyuséc
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Exposure of Energy Import

Taiwan is lack of self-produced fossil fuels, irdilug oil, coal and natural gas. All these
resources are relied on imports. As a result, Bxmosf Energy Import appears to be relatively
important in the of energy security risk indexealgsis. Energy import exposure is considered
for (1) degree of freedom, (2) diversity and (3} Meports accounted for the proportion of
total domestic supply of primary energy (oil, coahatural gas) from imported countries. The
following example shows the detailed descriptiothef relevant calculation steps of natural

gas import exposure.

Freedom Weighting (FW):

2
(X
FW:Z( > ) (1)
i=1 T

In Egs.(1), where:

N is the number of natural gas importing countries,

X; is the total amount of natural gas imported from ' country(metric tons);
F, is the freedom of the ith country;

X7t is the total import volume of natural gas (metogs).

Diversity of Supply (DS):
2
N (X
DS=Y| — ’
55 @
HHI =10,000x DS 3

Consider Egs.(1) and Egs.(3), the country's nagaslimport exposure for the year:

NaturalGasimport Exposure= (FW2 x v HHI )x NI (4)

NI is the ratio of net imports of natural gas ttat@lomestic natural gas (%).

In Egs.(4), in order to reflect the influence o tthange of the degree of freedom of the
importing country on the risk of the index, theatétion result of Egs.(1) is taken square, So
the change in weight of 2 times the degree of meedill change the risk of 4 times.

In terms of energy supply diversity, Using the aédtion of market share: Herfindahl —
Hirschman Index (HHI). Because the HHI index ispvgensitive to changes in market share,
the result of Egs.(3) is given to the range of 1Q@0.

Figure 4 shows gas import exposure results. Tastared to import gas in 1991. Gas
import focused on a specific country during 1991995, which induce high gas import
exposure. Followed by increasing the import coestrihe import exposure risk gradually

decreasedSince 2011, natural gas demand haseissed, with new imports of natural gas
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concentrated in a specific new country. Hencejmasrt exposure increased slightly in recent
years. Figure 5 shows coal import exposure reddtial imports were concentrated in a
specific country during the period 2001-2005, inethbigh coal import exposure in this
period.

In the calculation of "crude oil, coal, natural gaport exposure”, the INER staff has
contacted the Vice President of the US Institute2fist Century Energy, Stephen Eule, to
discuss the calculation of INER's domestic datas (E( to Egs.(4)). However, the USCC also
calculates the "crude oil, coal and natural gasomngxposure” of the world's top 75 energy
consuming countries. In order to reduce the calicuidaime, USCC adopted the degrees of
freedom (FW) of global fuel exporters in Egs. (d¥id&qgs. (2). However, INER adopted the
data of Taiwan related fuel exporters. The diffeeehetween USCC and INER analysis is
shown in Fig 6. Figure 7 shows that the changesageeof petroleum, gas, and coal import
exposure is relatively large in some periods, dsd affects the weighted total index during
these periods. Note that the overall energy secrisiks during 2007-2015 were dominated by
crude oil prices and crude oil price volatility.

Energy Security Risk Analysis
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Figure 4 Gas Import Exposure results analyzed IiBRN
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Energy Security Risk Analysis

9,000
8,000 Coal import focused on a specific country
7,000 during 2001 - 2005
6,000
v 5,000
g
v 4,000
3,000
2,000
1,000
0
1980 1985 1950 1995 2000 2005 2010 2015
Year
== Coal Import Exposure
Figure 5 Coal import exposure results analyzed\iyR
Energy Security Risk Analysis
7000
6000
5000
o 4000
S
“ 3000
2000
1000
0
1980 1985 1990 1995 2000 2005 2010 2015

Year

—®— Average of Petroleum, Gas, and Coal Import Exposure (USCC)

—®— Average of Petroleum, Gas, and Coal Import Exposure (INER)

Figure 6 Comparison of average of petroleum, gad caal import exposure results analyzed
by USCC and INER

-60-



Energy Security Risk Analysis
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Method — TIMES Model

This study combines two models: TIMES (The IntegtlaMARKAL-EFOM System) and
USCC's international index of energy security riekevaluate the future energy security. The
procedure adopted in the paper is shown in Figurgir8t, based on the definition of each
index listed in Figure 1, raw data collection wasaited, and also the historical energy
security from 1980 to 2015 was studied (see Figurd=igure 7). Then, in the scenario studies,
three scenarios considering the target of carbdacteon and different potential of renewable
energy respectively were planned. In each scenamiexgy portfolios, energy imports as well
as consumptions etc. are correspondingly produgedIMES model, and moreover by
another model, namely General Equilibrium Model BEorergy, Environment and Technology
Analysis (GEMEET), the total energy demand suchGagss Domestic Product (GDP) is
obtained. The detailed descriptions associated thiése scenarios will be illustrated in the
next section. Finally, based on the results of T8viihd GEMEET model, the risk associated
with indexes in the future year can be evaluated.

TIMES model was supported by Energy Technology e&SystAnalysis Program (ETSAP)
that was established by International Energy Age(i&A) in 1976, and the associated
developments were performed in 1978. TIMES is aBergy, Economy and Environment)
model; it was the combination of MARKAL (market @htion) model and EFOM (Energy
Flow Optimization Model) and thus the absences ABRWAL model were improved.
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TIMES is a quite mature energy system planning rhadd widely adopted. Up to now, it
had been adopted by 250 research institutes infGheountries, in which the function of
optimization of energy system is mainly used taaoban energy portfolio with the lowest cost
for world, areas or single country. The energy fotids with the lowest cost produced by
TIMES model takes the energy demand, energy supplytechnology limitations into account;
besides, the most suitable time point of each neehrtology commercializing or old
technology decommissioning can be decided. Thezeftire energy policy simulation by
TIMES model could achieve exactly assessment ofggreystem for a country. The investor
can also perform the investment of energy technolivgely to avoid the energy loss or waste
due to excessive energy produce or import. Theathv@heme of TIMES model is depicted in
Figure 9.

Comparing with the MARKAL model, the TIMES modelcieases and modify many
functions, and by which the analysis will bettdrtlfie actual situation. The new functions are

briefly described as below:
(1) The Settings of Flexible Simulation Period

The simulation period in TIMES model can be adjdsfiexibly such as: one year
simulation period for short term or many years ae simulation period for long term. The
function makes not only easily verify the histotioesults, but also the flexible adjustment for
future simulation period. For that, the dynamicrggesupply and demand in the future is more
completely revealed. Besides, the settings of teliee in TIMES model includes season,
month, week and hour (see Figure 10) that resnlts imore flexible simulation comparing

with MARKAL model.
(2) The flexible settings of time slices and energyagie technology

In MARKAL model, only the electricity and heat adefined with the function of time
slices; however, in TIMES model all commodities aachnologies can be with the time slices
settings according to their characteristics. Beside MARKAL model the energy storage
technology is only set as discharge in the niglat @marge in the day, but in TIMES model it
can discharge or charge at any moment accordingigbes’ settings. The function of time
slices results in the flexible application of enesgporage in simulation.

(3) The flexible input and output of technology

The proportion of commodity input and commodity pmitfor certain technology must be
fix in MARKAL model, and that gives rise to the li@Xible simulation in the input and output
mechanism. However, it is not the case in TIMES ehofbr which the settings of complex
energy technology structure are much easier, ssichudti-import and poly-generation, and is

quite flexible, such as the petroleum refinery texhgy.
(4) The required time and cost for construction, dec@simning of power plant
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In TIMES model, the user is permitted to define tequired time and cost for a power
plant’s construction and decommissioning. The teltdgical life and economic life can be
considered individually. However, in MARKAL modéhd technological life is equal to the

economic life.
(5) The vintage mechanism of technology

The vintage mechanism in TIMES model makes the neparameter for newer
technologies be used in a certain moment duringithalation based on the users’ setting; the
parameters for older technologies do not changeegpondingly. However, in MARKAL
model once the newer parameters for a technologyused, the older ones are also revised

correspondingly.
(6) The precise and actual investment cost

In MARKAL model, the investment cost of a technoldg amortization at the instant of
operation. However, in TIMES model the investmemistcis amortization before the
commercially operation (that is during the condinrm. The discount rate is a constant during
the simulation in MARKAL model, but it is can bejasted flexibly.

I. Recognizing the calculation
of each index

Energy

2. Data collection
3. Calculating the risk of each
index and sum of them to

obtain the “total weighted
risk”

1. Planning the scenarios for
different energy portfolios

2. Assuming suitable energy
service demand for different

4 y scenarios
. TIMES 3. Fased on the concept of
: ‘balance of energy supply
A and demand” and

“minimization of the cost”,
the data required in the

security in
~__the history

1. Calculating the risk of each

index based on the output Energy ihilexes for differatit
of TIMES ' security 1n scenarios can be obtained.
2. Sum of them fo obtain the . the future

“total weighted risk”
3. Results analysis

Figure 8 Combining the USCC energy security indexés TIMES model
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Figure 9 The scheme diagram of TIMES model
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Figure 10 The settings of time slice in TIMES model
Prediction for the Future Years
Scenario Assumptions
This study proposes three scenarios: Business AalYBAU), Optimistic Scenario and
Moderate Scenario in terms of the potential of P\ affshore wind as well as the Intended

Nationally Determined Contribution (INDC) as listéd Table 2. In optimistic scenario, the
accumulated installed capacity of PV and offshomedwby 2050 is estimated to 44GW and
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15GW respectively; however, in moderate scenaray thre estimated as 30GW and 9GW
respectively as listed in Table 3.

Table 2 Scenario assumptions

Scenario BAU | optimistic | moderate
Upper limit of installed capacity for 2016 2027 is based on the “Taipowe
Coal electric power development for longrm (10505)”, and 2.3% average ani

growth rate is for 2028 — 2050.

Upper limit of installed capacity for 2016 2027 is based on the “Taipowe
Natural gas| electric power development for long-term (1050%hd 5.4% average amal
growth rate is for 2028 — 2050.

Upper limit of installed capacity for 2016 2027 is based on the “Taipowe
electric power development for longrm (10505)”. The installed capac
decreases to 295MW in 2027 and is assumed to lm@uwtinhotablegrowth afte
2028.

CCS User defined form 2035 — 2050
Upper limit of installed capacity is based on thegét of government plan 1
2016 — 2030 as listed in Table 2

Renewables Upper limit of installed capacity of HUpper limit of installed capacity of F
and offshore wind for 2030 — 2058 and offshore wind for 2030 2050 it
based on the larger one in Table 2 | based on the smaller one in Table 2

Oil

Nuclear Without life-extension/mothballed

Co-generatign Upper limit of installed capacity redel to the statistics of Bureau of Energy

Carbon Achieving the carbon reduction goal in INDC fr
reduction N/A 2020 to 2030, and Greenhouse Gas Reductior
target from 2030 to 2050

Note: * 2035 (0.3GW), 2040 (2.6GW), 2045 (4.6GWY 2050 (7.6GW)

Table 3 Upper limit of renewables estimation (MW)

Technology 2015 | 2020 | 2025 2030 2035 204D 2045 2050
Offshore 6,15( | 7,10 | 8,05( | 9,00(
wind 0 520 | 3,000 | 5200 = oe 10,100 | 12.55( | 15,000
22,007 | 24,00¢ | 26,01( | 28,01 | 30,01¢
PV 842 | 6,500 | 20,000 53035200 | 40.33( | 43,50( | 44.80(
Enhancec | =g 0 0 0 367 | 734 | 1101 | 1,835
geotherma
Oc‘vis:é’“ 647 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200 | 1,200
Hydro | 2,089 | 2,200 | 2,150 | 2,200 | 2,200 | 2,200 | 2,200 | 2,200
Shallow 0 150 | 200 | 200 | 315 | 315 | 315 | 315
geotherma
Waste | 741 | 768 | 813 | 950 | 1,354 | 1,496 | 2,004 | 2,488
Wave 0 0 0 50 170 | 320 | 520 | 720
Ocear
curren 0 0 0 20 150 | 300 | 600 | 1,050
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Note: the numbers in gray area represent the hisébdata;, the ones in red area represent
the target of gonvernment policy, and the onedue brea represent the estimation of the
study.

Results of the Prediction for the Future Years

The three important greenhouse gas emissions fedugblicies in Taiwan include: (1)
Intended Nationally Determined Contribution (INDGhn 2030, greenhouse gas emissions are
to be 50 % lower than their projected level (BA(B) Greenhouse Gas Reduction Act - in
2050, greenhouse gas emissions are to be 50 % tbhexergreenhouse gas emissions in 2005;
(3) 2025 nuclear-free homeland policy objectiveewgx generation portfolio: coal 30%, gas
50%, renewable energy 20%.

In Optimistic Scenario and Moderate Scenario, thiewing carbon reduction policies are
followed to set carbon reduction conditions for HBI model: (1) during 2015 to 2030: based
on Intended Nationally Determined Contribution (I8Pof Taiwan, (2) during 2030 to 2050:
based on Greenhouse Gas Reduction Act. In Optorstenario, a large number of renewable
energy facilities are installed to achieve carlegtuction requirement.

In these scenarios, large scale renewable eneagyfirgd power generation, coal-fired
power plants with carbon capture and storage (G@S)sed, electricity demand is suppressed
to achieve carbon reduction requirement. The midfardnces between the two scenarios are:
in the Optimistic Scenario, the construction ofewable energy facilities is maximized.
However, in Moderate Scenario, it is assumed thificient renewable energy facilities cannot
be built. As a result, more gas-fired power genenaand coal-fired power plants with CCS
are used, and more electricity demand is supprebbater these scenarios, the carbon dioxide
emission continues to decline year by year. In B#gdnario, carbon dioxide emission is not
controlled. The fossil fuel power plants are maasivused to replace the nuclear power
generation. As a result, carbon dioxide emissiamtioaes to rise year by year. Figure 11-13
shows the power generation by the various poweerggion measures for BAU, Optimistic
Scenario, and the Moderate Scenario.

In this study, the power generation portfolio ofti@ystic Scenario is 27.1 % of coal,
54.3% of gas and 13.1% of renewable energy, angdtwer generation portfolio of Moderate
Scenario is 27.6 % of coal, 53.7 %of gas and13.1%emewable energy in 2025, which are
close to that of 2025 nuclear-free homeland poligyder the power generation portfolio, the
issues of gas-fired power generation include: (1 Tinloading capacity of Liquid Natural Gas
(LNG) terminal is limited; (2) The risk exposurer foffshore gas pipeline transportation is
high under rough sea condition, and the onshorelipg construction could cause social
protests; (3) the spare storage period is onlyl® days; (4) The risk exposure would increase
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with the international natural gas price volatilifjhe issues of coal-fired power generation
include: (1) Without nuclear power generation, blasel would only rely on coal-fired power
generation, and become insufficient; (2) Sociaéritibns are opposed to coal-fired power
generation, that makes new power plant contrudtiecome difficult. The issues of coal-fired
power generation include: (1) Renewable energy p@eeeration is intermittent, thus power
quality is deteriorated; (2) Smart grid is neededntegrate regional power systems; (3) The
power generation cost for renewable energy is high.

Power Generation - BAU
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3.50EH05
3.00EHD5
2.50EH15
=
= 2.00E+05
[C)
1.50E+05
1.00E+H15
5.00E+04
0.00E+00 T T T T T T T
2015 2020 2025 2030 2035 2040 2045 2030
Year
N Others M Coal-fired Power Generation with CCS
M Dil-fired Power Generation M 5as-fired Power Generation
B Nuclear Power Generation M Conventional Hydro Power
B Renewable Energy Pumped-Storage Hydropower

B Coal-fired Power Generation

Figure 11 Power generation for BAU
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Power Generation - Optimistic Scenario
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Figure 12 Power generation for Optimistic Scenario
Power Generation - Moderate Scenario
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Figure 13 Power generation for Moderate Scenario

The GEMEET model uses the power generation of Hheetscenarios (Figure 14), which
are analyzed by the TIMES model, to estimate GDRcapita of the future years (Figure 15).
Due to suppression of electricity demand, GDP peita of Optimistic Scenario and Moderate
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Scenario are lower than that of BAU. For Moderatertario, GDP per capita even declines
after year 2040, due to more electricity demansuispressed. Figure 16 shows Risk of GDP
per capita, the score rankings from high to lowMoglerate Scenario, Optimistic Scenario and
BAU. It shows that suppressing electricity demamilices negative impact on GDP.

Carbon dioxide emissions are significantly redulogdhe use of renewable energy and the
related auxiliary measures in Optimistic Scenarid Moderate Scenario. Their scores of,CO
related risk indexes are significantly lower théwose of BAU, which include: non-carbon
generations (Figure 17), G@mission trend (Figure 18), G@er capita (Figure 19) and GO
GDP intensity (Figure 20).

Figure 21 shows the imported fossil fuel price ectipns predicted by INER. From 2020 to
2040, which are based on the projection of lowprite scenario in International Energy
Agency (IEA)/World Energy Outlook (WEQO) (2015 Editi) [10]. For 2045 and 2050, the
growth rate of prices is as the average growth aaténg the period between 2020 and 2040.
The estimated results show that prices includingleroil price, steam coal price, coking coal
price and natural gas price will continue to rigarf 2015 to 2050.

In Optimistic Scenario and Moderate Scenario ,dasgale renewable energy, gas-fired
power generation and coal-fired power plants wittbon capture and storage (CCS) are used
to reduce C@emissions.

In 2050, fossil fuel prices will continue to riskgiwan still need to import large amount of
fossil fuel under this situation. It makes the rggeexpenditure-related indexes of the risk
value increase significantly. Figure 22 shows a manison of energy expenditure per capita,
Figure 23 shows a comparison of imports of fosaild§ per GDP. Figure 24 shows a
comparison of energy expenditure intensity. Thegaerés show that energy expenditure is
highly influenced by high fossil fuel prices in ZD5

Figure 25 shows the Comparison of BAU, Optimisteei®ario and Moderate Scenario on
energy security risk analysis for future years.c8irGreenhouse Gas Reduction Act and
Taiwan's INDC have strict carbon dioxide emissiegquirements, Moderate Scenario assumes
that sufficient renewable energy facilities canbpetbuilt as that of Optimistic Scenario. Hence,
the electricity demand is reduced to fulfill therlwan dioxide emission requirement, which
results in a decline of GDP per capita. After 20d%yidening gap of overall energy security
risk appears between Optimistic Scenario and MaeeE&zenario. The negative impact of
rising fossil fuel prices has offset the negatimgact of reducing carbon dioxide emissions,
and the overall energy security risks of Optimi&aenario and Moderate Scenario in 2050 are
even higher than the overall energy security ri3ks2
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Total Power Generation
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Figure 14 Comparison of BAU, Optimistic Scenarid &moderate Scenario on total power
generation for future years
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Figure 15 Comparison of BAU, Optimistic Scenarid &toderate Scenario on GDP per
Capita for future years
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Figure 16 Comparison of BAU, Optimistic Scenarid &hoderate Scenario on the Risk of
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Figure 17 Comparison of BAU, Optimistic Scenarid &hoderate Scenario on the Risk of
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Figure 18 Comparison of BAU, Optimistic Scenarid &hoderate Scenario on the Risk of
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Figure 19 Comparison of BAU, Optimistic Scenarid &hoderate Scenario on the Risk of
CO, per Capita Trend for future years
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Figure 20 Comparison of BAU, Optimistic Scenaria &hoderate Scenario on the risk of
CO, GDP intensity for future years
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Figure 21 Imported fossil fuel price projections
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Figure 22 Comparison of BAU, Optimistic Scenarid &moderate Scenario on the risk of
Energy expenditures per capita for future years
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Figure 23 Comparison of BAU, Optimistic Scenarid &moderate Scenario on the risk of
fossil fuel import expenditure per GDP for futureays
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Figure 24 Comparison of BAU, Optimistic Scenarid &moderate Scenario on the risk of
energy expenditure intensity for future years
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Energy Security Risk Analysis for Future Years
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Figure 25 Comparison of BAU, Optimistic Scenarid &hoderate Scenario on energy security
risk analysis for future years
Conclusions

This study adopted the International Index of Epe®gcurity Risk which was developed by
U.S. Chamber of Commerce (USCC). 29 indexes belmeight categories individually,
which include global fuels, fuel imports, energyerditures, price and market volatility,
energy use intensity, electric power sector, trartgtion sector, and environmental. In order
to perform the localization for these energy sdguitsk analysis, the research team contacted
with USCC to obtain the details of the computafimneach index, and then the Taiwan’s
domestic data were prepared to complete energyisedsk analysis for the past years.

The analysis shows that, since 2012, the ovesdlaf energy security has declined, mainly
due to the recent decline in global crude oil giaad slowdown in crude oil prices volatility
were affected. In addition, the economic turmoi2008 also affected energy demand in 2009,
making crude oil prices fell, and makes the overairgy security risk a short term decline in
20009.

Exposure of energy import is important in the ofrgy security risk indexes analysis for
Taiwan. Energy import exposure is considered fpdégree of freedom, (2) diversity and (3)
net imports accounted for the proportion of totaingstic supply of primary energy from
imported countries.

The analysis result shows that Taiwan has beenanrarentrated in a particular country in
the past, which induced high risk of exposure @rgy import for a specific period of time.
The issue has been adequately mitigated by meansrefising the importing countries to
enhance diversity and to reduce the risk exposure.

In order to predict future Taiwan’'s energy securisks under proposed scenarios, this
study integrates three tools: USCC Internationatrgy Security Risk Index, TIMES Model
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and GEMEET Model. The TIMES model predicts the bakita of the scenarios, and the
GEMEET model calculates GDP based on the elegtribtmand from TIMES model. The
resulting data is used to analyze the energy dgaisks of Taiwan's domestic energy security
risks by USCC International Energy Security Risttdr.

This study proposes three scenarios: BAU, OptimiStienario and Moderate Scenario. In
compliance with INDC and Greenhouse Gas Reductioh for Optimistic Scenario and
Moderate Scenario, a large scale of renewable gnges-fired power generation, coal-fired
power plants with CCS are used, and electricity ateinis also suppressed to achieve carbon
reduction requirement.

The main differences between the two scenarios iarghe Optimistic Scenario, the
construction of renewable energy facilities is maixed. However, in Moderate Scenario, it is
assumed that sufficient renewable energy facilitesnot be built. As a result, more gas-fired
power generation and coal-fired power plants wi@SCare used, and more electricity demand
is suppressed. Under these scenarios, the carbwrid@iemission continued to decline year by
year.

In BAU scenario, carbon dioxide emission is nottoolied. Under the condition of no
nuclear power generation and low renewable endagpgil fuel power plants are massively
used. Therefore, carbon dioxide emissions contiouise year by year.

Due to this difference, the scores of O@lated risk indexes of Optimistic Scenario and
Moderate Scenario are significantly lower than ¢ha$ BAU, which include: non-carbon
generations, COemission trend, C{per capita and COGDP intensity. For the same reason,
the overall energy security risk score for Optimiscenario and Moderate Scenario is also
lower than that of BAU.

In Optimistic Scenario and Moderate Scenario ,dditon to using large scale renewable
energy, gas-fired power generation and coal-firesvgr plants with carbon capture and
storage (CCS) are still need to use to achieve édission requirement. In 2050, fossil fuel
prices will continue to rise, and Taiwan still ndedmport large amount of fossil fuel, making
the energy expenditure-related indexes of theuddle increased significantly.

Optimistic Scenario and Moderate Scenario complthwihe carbon dioxide emissions
requirements of Taiwan's Greenhouse Gas Reductarnraiwan’s INDC. Hence, the overall
energy security risks are far lower than that of LIBAModerate Scenario assumes that
sufficient renewable energy facilities cannot bétlas that of Optimistic Scenario. Hence, the
electricity demand is reduced to fulfill the carbdinxide emission requirement, which results
in a decline of GDP per capita. After 2045, a widgngap of overall energy security risk
appears between Optimistic Scenario and Moderataa®io. In addition, the negative impact
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of rising fossil fuel prices has offset the negatimpact of reducing carbon dioxide emissions,
and the overall energy security risks of Optimi&genario and Moderate Scenario in 2050 are
even higher than the overall energy security ri3ks2

At present, the Taiwan government has decided tfoqpe 2025 nuclear-free homeland
policy objectives, which means the power generagiorfolio by 2025 will be: coal 30%, gas
50%, renewable energy 20%. With this power germmgibrtfolio, nuclear energy is excluded,
coal-fired power generation is reduced, gas-firedigr generation and renewable energy are
widely used. However, from the energy security poirview, heavily relying on a particular
power generation will worsen the energy import risposure, which has been in serious
condition. Massively using gas-fired power generatiill induce short spare storage period
and international natural gas price volatility issuExcluding nuclear power and reducing
coal-fired power generation will cause base loadgrasshortage issues. Massively increasing
renewable energy will cause deterioration of poguality and high electricity price issues.
Based on the preliminary results, the suggestion & proposed: the energy policy with
diversity consideration should be taken into actoun
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Introduction

 The International Index of Energy
Security Risk - by U.S. Chamber of
Commerce (USCOQ).

« 29 indexes belong to eight categories

« Localization for these energy security
risk analysis

« Taiwan's domestic data were used to

perform energy security risk analysis
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Global fuel (14%)
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Global Qil
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Global Gas
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Global Coal
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Global Coal
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T Analysis for the past years s

Energy Security Risk Analysis dropped since
1500 2011

Fossil fuel import exposure

The financial crisis in 2008

/\/

1,000

—e— Risk of Talwan's energy security (INER} —e— Risk of QECD's enegy security (USCC)

Comparison of Taiwan’s energy security risk and OECD energy security risk

Risk Exposure of Energy Import
- Taking Diversity of Supply into “petroleum

Import
account on gas, coal, and oil import [Exwposure%)
- Taiwan has been over-concentrated in[ .
a particular country in the past, | Exposure (3%)
—induced high risk of exposure of energy —
import for a specific period of time. ConlImport
» The issue has been adequately  ::: [SE==CH)
mitigated by increasing the importing
countries to enhance diversity and to
reduce the risk exposure.
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9,000
8,000
7,000
6,000

5,000

Score

4,000
3,000
2,000

1,000

1980

9,000
8,000
7,000
6,000

5,000

Score

4,000
3,000
2,000

1,000

Energy Security Risk Analysis

Taiwan started to import
gasin 1990.

/|

Gas import focused on a
specific country during
1990— 1995, which
induce high gas import
exposure.

Ty

1985

1990

1995
Year

Gas demand has
been increased
since 2011. Gas
import focused on a

Followed by increasing
the import countries,
the import exposure risk
gradually decreased.

specific new

country, gas import
exposure increased
slightly.

2000 2005

—&— (3as Import Exposure

Gas Import Exposure results analyzed by INER

Energy Security Risk Analysis

Coal import focused on a specific country
during 2001 -

2005

2010 2015

1980 1985

1990

1995

2000 2005

Year

—e— Coal Import Exposure

Coal import exposure results analyzed by INER
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Prediction for the Future Years

* TIMES model predicts the
basic data of the
scenarios

* GEMEET model calculates
GDP based on the
electricity demand from

Index of
Energy
security in
_the history

. _ TIMES model.
" ower generations
*  Power capacities GEMEET * Analyzing the energy
* CO,emission k A % i
- security risks of Taiwan's
Index of domestic energy security
Energy GDP . .
security in | risks indexes for the
the future /

future years

Combining the USCC energy security indexes with TIMES and GEMEET model 11

“Prediction for the Future Years

 Scenarios:
— Business as usual (BAU)
— Optimistic Scenario
— Moderate Scenario
« Optimistic Scenario and Moderate
Scenario - in compliance with

—Intended Nationally Determined
Contribution (INDC)

— Greenhouse Gas (GHG) Reduction Act

12
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“Prediction for the Future Years

« Greenhouse gas emissions reduction
policies in Taiwan
—Intended Nationally Determined
Contribution (INDC)

« in 2030, greenhouse gas emissions are to be 50 %
lower than their projected level (BAU)

— Greenhouse Gas (GHG) Reduction Act

« in 2050, greenhouse gas emissions are to be 50 %
lower than greenhouse gas emissions in 2005

CHED
L]
Power Generation- BAU
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= 2.00E+05 - - - i l B fired
=
© 1 s0E:05 ] -
1008405 Gas
fired
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0.00E+00 +—— — T T T T —
2015 2020 2025 2030 2035 2040 2045 2050
Year

fossil fuel power

B Others B Coal-fired Power Generation with CCS

W Oil-fired Power Generation B Gas-fired Power Generation p|ant5 are

m Nuclear Power Generation ® Conventional Hydro Power mass'vely used
.

= Renewable Energy Pumped-Storage Hydrepower

m Coal-fired Power Generation

Power generation for BAU

-84-



o

3.50E+05
3.00E+05
2.50E+05

2.00E+05
=

W

@ 1.50e+05
1.00£+05
5.00£404

0.00E+00 ¢

3.50E+05

3.00E+05

2.50E+05

2.00E+05

wh

@ 1506405
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. . . ‘ : : 2045

Power Generation - Optimistic Scenario

2015 2020 2025 2030 2035 2040 2050
Year

i Others I Coal-fired Power Generation with CCS

B Qil-fired Power Generation B Gas-fired Power Generation

W Nuclear Power Generation H Conventional Hydro Power

® Renewable Energy m Pumped-Storage Hydropower

B Coalfired Power Generation

Power generation for Optimistic Scenario

Power Generation - Moderate Scenario

2015 2020 2025 2030 2035 2040 2045 2050
Year

B Others W Coal-fired Power Generation with CCS

® Oil-fired Power Generation W Gas-fired Power Generation

B Nuclear Power Generation = Conventional Hydro Power

M Renewable Energy Pumped-Storage Hydropower

M Coal-fired Power Generation

Power generation for Moderate Scenario
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Maximized
renewable energy
« By 2050, PV 44
GW , offshore
wind power 15
GW
Gas-fired power
generation
Coal-fired power
plants with carbon
capture and storage
(ccs)
Reduce power
demand
to achieve CO,
emission reductio
policy

Limited renewable
energy
+ By 2050, PV 30

GW , offshore
wind power 9
GW

Gas-fired power

generation

Coal-fired power

plants with carbon

capture and storage

(ccs)

Reduce MORE

power demand

to achieve CO,

emission reductio

policy 4
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Total Power Generation

GHG Reduction Act
3.50E+05 |NDC
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Year
—o—BAU —e— Optimistic Scenario —®— Moderate Scenario
Comparison of BAU, Optimistic Scenario and Moderate Scenario on total power
generation for future years 7
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suppression demand
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Comparison of BAU, Optimistic Scenario and Comparison of BAU, Optimistic Scenario and Moderate
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years )
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Risk of Non-Carbon Generation
CO, GDP Intensity
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Moderate Scenario on the Risk of Non-Carbon

Generation for future vears
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Imported Fossil Fuel Price Projections
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vl Energy Expenditures per Capita Energy Expenditure Intensity
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Conclusions

Heavily relying on a particular power
generation will worsen the energy
import risk exposure.

Massively increasing renewable energy
will cause deterioration of power

quality and high electricity price issues.

Using renewable energy requires gas
fired power plant to compensate the
Instability.

Conclusions

Massively using gas-fired power
generation will induce short spare
storage issue.

Fossil fuel price will rise in decades
which will induce economic issue.

Excluding nuclear power and reducing
coal-fired power generation will cause
base load power shortage issues.
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Suggestion

« The energy policy with diversity
consideration should be taken into

account.
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