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Abstract: As more than 120 countries have announced the goal hydrogen transmission. The results show that the onshore long-
of carbon neutrality, how to achieve carbon neutrality in areas distance transmission is the best, with the levelized cost of
with insufficient renewable resources has become the focus. electricity (LCOE) of 8.8 cents/kWh, followed by hydrogen,
How to meet energy demand while dealing with climate change with the LCOE of 15 cents/kWh, and offshore long-distance
and promoting sustainable development is an important issue for electricity imports with the highest LCOE of 17 cents/kWh.

Singapore. Singapore’s electricity demand is distributed in four o .
major sectors: residential, commercial, transport, and industrial Keywords: carbon neut.rahty; 1nsufﬁ01en.t renewable.resources;
sectors. Based on the historical data, this paper analyzes the Singapore; power planning; cross-border interconnection
changing law of energy demand of various sectors, takes carbon W E. MELFR202NEREE i /i is, #
neutrality as the goal and 2050 energy demand as the constraint, HERETE R TR SR ML IX R S A a] SE R P ORI R WF 9T 1 £
and puts forward the direction of energy transformation of o BB AR AR S, VAT TE XSRS A 1 [ B
various sectors in Singapore. According to the energy mix, the T M RETEE R, AR A A R R B T
Power fiemand of Singapore t.ovs{ard.s the carbon neutrality target > B TR A TE R R . Tl ASEA Tl P
is predicted. Through the optimization model, the power supply ST, T SRR AT T R TR S (B, LT
RN HBR, 20504F REIRTT SROD LA, 42 UGBTI A5 T
AEVEAE R T 1], IS T s v A0 E AR R B3 L oK
and hydrogen energy. However, due to the insufficient potential T L S BRI 205 047 H Sy R J 50, LRIAR R
of renewable resources in Singapore, both electricity and 7 HIEEA T3 Ry 2 OHE B O AR R RE S A1)
hydrogen energy need to be imported. Taking China-Singapore BOMV S REAE AT PR A BRI 2o (H T T p A B
and Australia-Singapore as examples, this paper makes a AR, HITHERES O, DL E 0 s R —
comparative analysis of the economy of land long-distance AN A ], Xk Bl b Jze P e v L A G B i e NI I
transmission, cross-sea long-distance transmission, and maritime AATHEMATX AT, THEESE SRR W A R AR IR 1K [0 HE 42
T BORG e R e 2 G R O, R AR 8,858 73 /kWh;
HE R U A U, A R 15963 /kWh 1 FIEEE B
E&£IB: X BARAFREALAAB (52107077) ; 4 FE T R, 35172540 KWh.
RERZKMERAAMRAIHLAR (FERIAES S
BB R AT AN B R AR A S MR kAT R, K. b A, PTEARREIRELZ . BTN WORLRI; BE
SGGEIG00JYJS2100033) NS

mode of Singapore in 2050 is analyzed. The planning results
show that the power supply mode of Singapore will change
from gas to renewable energy such as solar energy, biomass,
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Fig. 1 Comparison of the growth rate between population and
residential energy demand in Singapore
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Table 1 Energy demand forecast of Singapore residential sector

ZinTRE (FRAEH ) /kt g bt /%

k30

i = B Rt = 2!

2018 25 64 621 710 3.5 90 875
2030 20 74 663 757 26 98 876

2050 0 40 763 803 0 5.0 95.0
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Fig. 2 Energy demand of Singapore commercial sector from
2009 to 2018
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Table 2 Energy demand forecast of Singapore commercial sector

LIRFERE (FRAEH ) /kt s /%
i = B Bt = :h

F15

2018"% 74 86 1596 1756 4.2 49 90.9
2030 60 100 2141 2301 2.6 44 930

2050 60 150 3271 3481 1.7 43 94.0
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Fig. 3 Energy demand of Singapore transportation sector from
2009 to 2018
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Table 3 Energy demand forecast of Singapore transportation sector
ZURiHERE (FRAEH ) /kt & Eb/%
wm 5 B S Bt m | B &
2018" 2111 3 253 0 2367 892 0.1 107 0
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Fig. 4 Energy demand of Singapore industrial sector from 2009 to 2018
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Table 4 Energy demand forecast of Singapore industrial sector

_—_— KinHBEE (FREH) /kt & Eb/%
& iH = 2] = Bit P i = 1 S
2018 183 6521 1271 1844 0 9819 1.8 66.4 13.0 18.8 0
2030 180 5727 1593 2500 0 10 000 1.8 573 15.9 25.0 0
2050 0 1000 1000 4600 1000 7600 0 13.2 13.2 60.4 13.2

1.5 2HEBHFE

gi b, ARYRZmRR IR K I A G o B AR T 45
BRI T ASARKE A3, 2018—20504E 5 sk o, 7Rk
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FHHRH K 17.2 TWh, AEHIE KR N2.6%: Al
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JHHEHEK26.1 TWh, FIHKRN31%: R
FIHL 0.8 TWh, AEHIHIK340.3%.

RS 2018—2050F Nk & 51 F K Fu
Table 5 Power demand forecast in Singapore from 2018 to 2050

&I 2018EEFHBE"/TWh 2030 FBE/TWh 2050 FEBE/TWh  2019—20304FH#KZE  2030—2050fF K =
TolkFBI] 21.2 30.5 56.6 3.4% 3.1%
DR 19.1 25.6 42.8 2.7% 2.6%
ZEEHRI] 3.1 11 28.8 12.2% 4.9%

Ji BRI 7.7 8 8.8 0.3% 0.3%

pEsaN 51.1 75.1 137 3.6% 3.1%
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Table 6 Power balance of Singapore in 2050

T lEF /MW R T 15/ MW
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Fig. 5 Solar energy development forecast in Singapore
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Fig. 6 Gas development forecast in Singapore
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Fig. 7 China-Singapore transmission project
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Table 7 Investment cost parameters of power grid
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Table 8 Estimation parameters of China-Singapore transmission price
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Table 9  Estimation parameters of Australia-Singapore transmission price
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Table 10 Investment cost parameters of gas turbine

S HE

Fifi/a 30
LEAIER (50T kWD 1152
EE WA (0 kW 32
fth/2E70 0

2 SUMER /% 10

RIS BIRR U ) JE  AR
Cwm3=6+C@dx7 (8)
ZE L b, iF VAR M R H 1 R AR
15~16.93 53 /kWh, 5538 25 25V v g 0 11 H AR
172558/ kWhAH G, 0.1~22843/kWh, HA—&
71, AR %mﬁ%%i%ﬁ#mfﬁmﬁfﬁ&ﬁm
Eif.

4 iR
1) 20504 TR PR I o SRS

I AN [E)EBIT 0 2 it RE T 2% A FL AR AKSE b, e
FMBFRT, BUA20504EF g i h#=Kk137 TWh, 4

Bis3%, mAR7MM22.5GW.

2) AN BART BN R R 2 AR
FHAR AT A REIE N 3, ey 20K R S
AR s 2 L o AR AT RLRLRI 25 5L, 20504F 3 m
Pl PR BBV AL 7 LR T 2 2958%,  AHEL20194F 42
FHS4 T 53 e TR INBEAS M AT P A RE IR BEUR AN
A, 20504 TN B Ik 14497850 MW, 4 E(E 4
WA

3) fili LI 5 3 H 2k T AR BB TR PR RN b X A
%%ﬁﬂﬂ%i%%& %Eﬂg\ﬁ%ﬁ$%1%
TR, S T A e I T A g A
%ﬁﬁm%omﬁﬁ%,mwﬁ,ﬁMﬁﬁﬁ%iﬁ
B 2 AR, 9883643/ kWh;  HF VR A wit
KHHWR, BRI A15F5r/kWh; I [ iE g 70k
FRE A e, 38 175543 /kWho

Sk

[1] IEA. Net zero by 2050-A roadmap for the global energy
sector[R/OL].(2021-06)[2021-11].https://iea.blob.core.
windows.net/assets/327b3e18-319¢-4107-9b97-8c5ala79b94e/
NetZeroby2050-ARoadmapfortheGlobalEnergySector
Chinese.pdf.

[2] IRENA. Reaching zero with renewables: A summary for
decision makers[R/OL].(2020-09) [2021-11].https://www.
irena.org/-/media/Files/IRENA/Agency/Publication/2020/Sep/
IRENA Reaching zero 2020.pdf.

[3] AERAEURHIER A RS VRS Rkikh iz M), Jbat:
Fh R T AL, 2021.

[4] Mckinsey. Global energy perspective 2021 [R/OL].(2021-01)
[2021-11].https://www.mckinsey.com/~/media/McKinsey/
Industries/Oil and Gas/Our Insights/Global Energy Perspective
2021/Global-Energy-Perspective-2021-final.pdf.

[5] WANGJY, CANG M, ZHAI X M, et al. Research on power-
supply cost of regional power system under carbon-peak
target[J]. Global Energy Interconnection, 2022, 5(1): 31-43.

[6] IEA. World energy outlook 2020[R/OL]. (2020-12)[2021-11].
https://iea.blob.core.windows.net/assets/8b420d70-b71d-412d-
a4f0-869d656304e4/Chinese-Summary-WEO2020.pdf.

[71 THEZAREGME A, b E IR R & e bk w5 %% 70
BRI LRAHED]. TEAD - BIESHE, 2020,
30(11): 1-25.

[8] IEA. Renewable energy market update outlook for 2021
and 2022[R/OL]. (2021-05)[2021-11]. https://www.
iea.org/reports/renewable-energy-market-update-
2021#:~:text=Highlights,new%20power%?20capacity%20
expansion%20globally.

[9] I, SRk, 2845, SF PN BT RN E B



Vol. 5 No. 4

B, & RPHER P BERREZREERBOAERR

VAR 79151 407

HEHBPGHEIEAFE[I]. SERAEIETEL N, 2020, 3(6): 632-642.
ZHAO Teng, WU Wei, LI Jun, et al. Research on cross-border
power interconnection channels in Europe under trend of two
replacements[J]. Journal of Global Energy Interconnection,
2020, 3(6): 632-642(in Chinese).

[10] ¥Rt T, A, &4, 5 BOLIB M5 RGN

R BREGIR]. ARG EREM, 2021, 4(4): 363-
371.
WANG Yangzi, LIANG Caihao, MENG lJing, et al. Coal
phase-out and power system transition planning: Chile case
study[J]. Journal of Global Energy Interconnection, 2021, 4(4):
363-371(in Chinese).

[11] KHEW E E. Renewable energy and its relevance for Singapore

in 2065[M]//QUah E T E.Singapore 2065: Leading insights

on economy and environment from 50 Singapore icons and

beyond. World Scientific Publishing Co., Pte. Ltd., 2015:

113-118.

Singapore Energy Market Authority. Singapore electricity

market outlook (SEMO) 2018: Third Edition[R/OL].

(2019-01-11)[2021-11]. https://www.ema.gov.sg/cmsmedia/

Singapore Electricity Market Outlook 2018 Final

revl1Jan2019.pdf.

[13] KARTHIKEYA B R, NEGI P S, SRIKANTH N. Wind
resource assessment for urban renewable energy application in
Singapore[J]. Renewable Energy, 2016, 87: 403-414.

[14] AMIN Z M, HAWLADER M N A. A review on solar assisted
heat pump systems in Singapore[J]. Renewable and Sustainable
Energy Reviews, 2013, 26: 286-293.

[15] KING S, WETTERGREN P. Feasibility study of renewable
energy in Singapore[R]. KTH Royal Institute of Technology,
2011.

[16] QUEK A, EE A, NG A, et al. Challenges in environmental
sustainability of renewable energy options in Singapore[J].
Energy Policy, 2018, 122: 388-394.

[17] F125, @2 BOmsoR B RE B RITAl K & R AR AT SE[T]. th
HMBETR, 2021, 26(12): 26-34.

BAI Su, GAO Yi. Study on evaluation and development routes

[12

—

of solar energy resources in Singapore[J]. Sino-Global Energy,
2021, 26(12): 26-34(in Chinese).

[18] Singapore Energy Market Authority. SES public 2020[EB/
OL].(2020)[2021-11].https://www.ema.gov.sg/assets/stat
table/SES Public_2020.xIsx.

[19] Singapore National Statistical Office. Population[EB/OL].
(2021)[2021-11].https://www.singstat.gov.sg/find-data/search-
by-theme/population/geographic-distribution/latest-data.

[20] UNDESA. World population prospect 2019[R/OL]. (2019-
06)[2021-11]. https://www.un.org/development/desa/pd/zh/
node/3476.

[21] Singapore National Statistical Office. National accounts|[EB/
OL]. (2021)[2021-11]. https://www.singstat.gov.sg/find-data/

search-by-theme/economy/national-accounts/latest-data.

[22] Singapore Land Transport Authority (LTA). Blueprint of
Singapore transport development in 2040[R/OL]. (2019-05)
[2021-11]. https://www.lta.gov.sg/content/dam/Itagov/who
we_are/our_work/land_transport master plan_2040/pdf/
LTA%20LTMP%202040%20eReport.pdf.

[23] Solar Energy Research Institute of Singapore. Solar

photovoltaic (PV) roadmap for Singapore[R/OL]. (2020-

04)[2021-11]. https://www.nccs.gov.sg/docs/default-source/

default-document-library/solar-photovoltaic-roadmap-for-

singapore-a-summary.pdf.

IRKAE, BRfEA, BRYEE. MEERUGTLKEEF &[], HE T

R, 2002, 4(12): 47-52.

XU Damao, CHEN Chuanyou, LIANG Weiyan. Hydro power

development at the Yalu Tsangpo River[J]. Engineering

Science, 2002, 4(12): 47-52(in Chinese).

[25] 2545, RAE e, ARUHDN. AEREEUE IR B T X 4L 5] F
FE[]. DEREEIR B LM, 2018, 1(5): 527-536.

LI Jun, SONG Fulong, YU Xiaoxiao. Research on global energy

[24

—

interconnection backbone grid planning[J]. Journal of Global
Energy Interconnection, 2018, 1(5): 527-536(in Chinese).

[26] X E2, M, MBS, & k7 BERT LA

KA TR R[], SERAEIR B, 2021, 4(5):
436-446.
ZHAO Xueying, LI Gendi, SUN Xiaotong, et al. Key
technology and application progress of hydrogen production by
electrolysis under peaking carbon dioxide emissions and carbon
neutrality targets[J]. Journal of Global Energy Interconnection,
2021, 4(5): 436-446(in Chinese).

[27] IEA. Projected costs of generating electricity 2020[R/OL].
(2021-12)[2021-12].https://www.iea.org/reports/projected-
costs-of-generating-electricity-2020.

[28] IRENA. Green hydrogen cost reduction: scaling up electrolysers
to meet the 1.5°C climate goal[R/OL].(2020)[2021-11].https://
irena.org/-/media/Files/IRENA/Agency/Publication/2020/Dec/
IRENA_ Green hydrogen cost 2020.pdf.

[29] Hydrogen Council, McKinsey. Hydrogen insights a
perspective on hydrogen investment, market development
and cost competitiveness|[R/OL]. (2021-02)[2021-11]. https://
hydrogencouncil.com/wp-content/uploads/2021/02/Hydrogen-
Insights-2021-Report.pdf.

[30] CSIRO. National hydrogen roadmap[R/OL]. (2018-08)
[2021-11].https://www.csiro.au/-/media/Do-Business/
Files/Futures/18-00314 EN_NationalHydrogenRoadmap
WEB_ 180823.pdf.

[31] ERfEIR LM L AR S, RAUSEAE e B AR K JE 2k
FM]. dbst: I R, 2020,

[32] MEE, ZRdksl, VRE, 5. b RS A AR BE R 22
Ve, B OTREIR AR, 2020, 7(2): 1-13.

HUANG Xuanxu, LIAN Jijian, SHEN Wei, et al. Economic
analysis of China’s large-scale hydrogen energy supply
chain[J]. Southern Energy Construction, 2020, 7(2): 1-13(in



408 ESNE

REEXRY

B 5% %4

#

Chinese).

B3 EPrAmRZ G2, PRAMEKE. AiEFhzi
[R/OL]. (2020-07)[2021-11]. http://www.h2cn.org.cn/
Uploads/2020/07/30/u52239a793412.pdf.

[34] JE 4457 2015—20184F 2 ERLNGHFAN TS 0 — ¥ [EB/
OL]1.(2019-05)[2021-11].https://www.sohu.com/a/
313544354 _174505.

WS HER: 2021-11-19; {EEIHHR: 2022-06-24,
EE B
a7 (1990), 3, W, &M
FALR B AKX RRR RS TEW
B3 IAE, E-mail: su-bai@geidco.org.
=% (1981), ¥, HAILE
0, EBNEELRIPEE., XE&ESE T
48, E-mail: 2803293329@qq.com.

d.

EPi ®I3 (1990), B, ML, &M
FHACH &, BRI T, E-mail:
744176958(@qq.coms

x4 (1987), B, HAIEF, TBANFRERL Y
HE] . AEIR B &S oy @ 69 AT R TAE, E-mail: zhe-liu@
geidco.org.

BY (1973), %, HIRAZAIENN, HiFm
o MR Fe s Jy AT SE 54T, iB454F4, E-mail:
gao-yi@geidco.org.

(xR F4)





