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# 2-1  APEC'’s electricity demand

APEC’s electricity demand (IT'Wh)

1990-2005 2005-2030

Economy 1990 2005 2030 (%) (%4)

Anstralia 129.2 206.5 310.7 3.2% 1.6%
Brane: Damssalam 1.0 3.1 42 T.7% 1.2%
Canada 415.1 5122 6889 1.4% 1.2%
Chile 15.4 45.1 121.6 T.9% 3.8%
China 4518 19949 5196.3 9.9% 3.9%
Hong Kong, China 238 40.1 69.0 3.5% 2.2%
Indonesia 27.1 107.1 275.8 9.6% 3.9%
Japan 7497 976.7 1202.1 1.8% 0.8%
Korea 94.4 357.7 575.3 9.3% 1.9%%
Malavaia 19.9 50.8 24351 9.8% 4.5%
Mezico 100.2 154.2 4255 4.1% 3.4%
New Zealand 278 35.1 56.3 2.1% 1.6%
Papua New Guinea 1.7 2.8 7.5 3.6% 4.0%
Peru 11.8 227 59.2 4.5% 3.9%
Philippines 209 45.3 136.5 5.3% 4.5%
Russia 5268 630.1 1000.9 -1.6% 1.7%
Singapore 12.6 iz4 914 6.5% 4.2%
Chinese Taipei 76.0 199.0 319.1 6.6% 1.9%%
Thailand 354 121.3 401.1 8.0% 4.9%%
Uited States 26340 37163 3023.0 2.3% 1.2%
Viet Nam 6.2 46.1 2321 14.3% 6.7%
APEC 37169 93852 164421 3.4% 2.3%

Source: APERC analysis (2009
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# 2-2  APEC electricity as percentage of TFED

APEC electricity as percentage of TFED

Economy 1990 2005 2030

Australia 19 23 24
Brunei Damssalam 20 32 20
Canada 22 22 23
Chile 12 19 20
China 6 15 22
Hong Kong, China 29 29 39
Indonesia 3 7 10
Japan 21 24 30
Korea 12 21 23
Malavsia 12 17 23
Mezxico 10 15 22
New Zealand 25 25 25
Papua New Guinea 23 24 32
Pemu 12 17 26
Philippines 12 L5 26
Russia 11 13 16
Singapore 16 18 29
Chinese Taipei 21 27 27
Thailand 11 15 24
United States 17 20 23
Wiet Nam 2 9 19
APEC 14 18 23

Source: APERC analysis (2009)
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Bl 2-1  APEC electricity generation mix
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Bl 2-2  APEC projected electricity generation capacity
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Bl 2-3  Generating capacity by energy source
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Geaeration capacliv growth rates
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Electricity supply by energy fvpe, larger APEC ecomomies

7000

6,003

3,000

mCoal WO mGas ®Hydro WNRE = Nuchear
4,00

TWh

3,000 -

2,000

1,006

PRC | usa RUZ JPH COA ROK MEX THA A5 T |

Soupce: APERC analvsis (2009)

Bl 2-6  Electricity supply by energy type

Electricity supply by energy vpe, smalfer APEC economies
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Supply Assumptions

M Shares of New Fossil Electricity Generation
B Transformation efficiency
M Share in electricity generation

| SF S =

Remaining Demand to be Met with New Fossil Generation =
Total Electricity Demand — (Production of Existing Fossil
Generation + Production of Existing and New Non Fossil
Generation )

Greenhouse Gas Emissions =
Emission Factor x Energy Input for Electricity Production

25

Power Generation

Greenhouse Gas Emissions
Table

Energy Balance Table

B29 RTHERZFETE - §F Ppptl

value of Remaining

emand to be met with New

Fossil Generation in base year
should be nearly zero

2 A2 B
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aEaHE/ IR IR aEEHE % 550,000 550,000 550,000 550,000 550,000 550,000 58
aE8HE/ER oE8H % 550,000 550,000 550,000 550,000 550,000 550,000 55
aEARMIEEIE =k i3 550,000 550,000 550,000 550,000 550,000 550000 58
as=8H/HEE 2E8H % 300,000 300,000 300,000 300,000 300,000 300,000 3C
aE8HE/ER F=ici=k i 300,000 300,000 300,000 300,000 300,000 300,000 ac
i TEAH =il 375,000 575,000 575,000 375,000 375,000 375,000 37
HE8H =il 375,000 375,000 575,000 375,000 375,000 375,000 37
==k * 500,000 500,000 500,000 500,000 500,000 500,000 5C
e BERBI  BEEBI 95 96 97 98 99 100
FEEAKN
ThFl aEaHE/M R aEEHE hnli] Eih 62.41 56.05 5237 52.37 52.37 52.37
TFlH2 aSEER/ME/ER aE8H Y EH 5658 42.27 47.01 47.01 47.01 4701
REi ] SEEE/EH/E A SEBH il 50.02 60.06 4372 43.72 1372 4372
ThFla4 aE8HE/h R aEEHE =ih 56.62 43.49 4558 4558 4558 4558
O aSEBHE/E R oE8H % 79.91 50.64 7380 73.90 7380 7380
MD#Z SEEREEAR =k b3 8497 8418 82.25 82.25 82.25 82.25
SEEHMEAR 2E88H i3 85.88
SEAHE/ S &E8H ol 92,63
aEEHIER aEEHE % 7287
aEBHE/MEE aE8H % 84.28 97.28 81.02 81.02 81.02 81.02
HEEE/ SRR SEEH 1% 80,07 87.14 50,89 20,89 a0.09 80,89
aEaHE/ IR IR aEEHE % 96.96 86.50 93.86 98,56 99.86 99.86
aE8HE/ER oE8H % 98.75 85.61 98.74 98.74 98.74 98.74
aEARMEE G =k b3 98.43 8850 96.33 96.33 96.33 96.33
aE8HE/E R 2E88H i3 94.48 9194 9472 9472 9472 9472
aEOHE/EER ==k % 85.16 89.14 87.28 87.29 87.29 87.28
aEAHEME IR sEEH % 8497 98.01 85.38 85.38 85.38 85.38
aEEHE/E R oE8H bl 82.22 94.07 87.00 87.00 87.00 87.00
BEER/EAR ==k i 5557 73.27 87.92 a7.82 9792 9762
aEaHE/ IR IR aEEHE % 7311 87.30 78.05 78.05 78.05 78.05
aE8HE/HER oE8H % 83.78 89.56 80.23 9023 90.23 50.23
EEE/P& il TEAH =il 37.68 35.40 2814 2014 2914 2914
i =i 8 4315 34.05 FAEE 3355 3355 3355
= e 19 L) 100 40 nE 10 nE 1o nE
EERI BB ERR 95 96 9 98 99 100
AR
TRE0 EE%/ME/E L o=k 3533 35.03 3489 34.89 34.83 34893
HFla2 =sEEH 34.03 3447 33.96 33.86 33.89 33.96
043 BEB8H 34.81 34.70 33.88 33.88 33.88 3388
EEEIEE) EEBE 34.68 3454 3308 33.88 33.88 3398
HO# BEBHR 32.47 32.35 32.63 32.63 32.63 32.63
i EE%/%J@H& oEBH 3209 31.70 3215 3215 32.15 3215
g EEER/ PR R EEER 31.08
GEEHRMEHR T SEEH 3325
SEEHME G oEBH 3344
TEER/ R T 2EEH 35.88 3587 35.90 35.80 35.80 35.90
oEEHRMR R =EEH 35.88 3584 3590 35.80 35.80 35.90
SEEH 3587 3586 3582 35.82 35.62 35.82
GEEHRMEHR T SEEH 35.89 35.88 35.87 35.87 35.87 35.87
SEEHMR G oEBHR 3614 3614 3615 36.15 36.15 3615
SEBHE/ R/ G 5EBE 3617 3617 3617 36.17 3617 3817
GEEHRMEHR T SEEH 36.09 3613 36.16 36.18 36.16 36.16
SEEHME G oEBH 3612 3618 36.21 36.21 36.21 36.21
TEER/ R T 2EEH 35.93 35.93 3571 35.71 35.71 35.71
=EEH 33.36 35.35 35.83 35.83 35.83 35.83
aEBH 3534 35.09 3555 35.55 35.55 3555
2EEH 35.32 35.04 35.48 35.48 35.48 35.48
oEBHR 3318 3316 3238 32.38 32.38 32.38
= 5EBE 3359 3282 33.03 33.03 33.03 33.03
oEEHR/MIR/ EAE  OEBR 29.03 28.31 29.37 29.37 29.37 28.37
E2TEE/MME/FREF STEF a0 90 L A AR AR A1 3A a1 3R
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Name of Economy TVY Balance Version Date: 2009/11/3
Base Year 97
units 82 87 92 97 107 117
Existing Fossil Generating Capacity
Coal W/ o o o 17660 21063 a2678
(o7 I o o o 4800 2824 2410.6
Natural Gas W o o o 13218 16818 2618z
0.0 0.0 0.0 25687.0 42605.0  Biz7o.b
Existing and Planned Non-Fossil Capacity o o
Nuclear W o o o 5144 7208 2700
FHiydro MW o o o 4530.874  4694.474 4825.474
Geothermal Mt o o a o a o
Wind MW o o o 2504 628 1264.2
Solar W o o o 5.58 20.58 30.58
Oher M o o o 750.14 3200.64  6G005.34
G 0.0 0.0 0.0 46378.7 58455.7  7bHi00.2
Shares of New Fossil Electricity Production
Coal % 21.0% B5.0% B5.0%
i % f.0% f.0% 2.0%
MNatwral Gas % 2.1% 0.0% 13.0%
100.0% 100.0% 100.0%
Assumed Generator Capacity Factors
Coal % 0.0% 0.0% 0.0% 82.1% Ba.6% S80.8%
o % 0.0% 0.0% 0.0% 37.0% 42.1% 44.3%
Natural Gas % 0.0% 0.0% 0.0% I4.7% 20.0% 26.2%
Muclear % 0.0% 0.0% 0.0% o0.4% 01.8% 00.4%
Hydra % 0.0% 0.0% 0.0% 31.0% 21.8% az.4%
Geothermal % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Wind % 0.0% 0.0% 0.0% 20.3% 20.0% 26.3%
Sotar % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Other % 0.0% 0.0% 0.0% 26.8% 26.2% 26.1%
Transformation efficiency
TG —neww plant only—
Coal % 0.0% o0.0% 0.0% 95.6% a6.5% a7.8%
o % 0.0% 0.0% 0.0% 33.6% 33.7% 33.6%
Natwral Gas % 0.0% 0.0% 0.0% 40.6% 41.7% 43.1%
averag
Nuclear % 33.3% 33.3% 33.3% 33.3% 33.3% 33.3%
Hydo % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Geothermal % 10.0% 10.0% 10.0% 10.0% 10.0% 10.0%
NRE % 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Share in electricity generation 100% 100% 100%
Coal % 54.6% 71.3% 78.5%
i % 25.8% 7.0% 2.4%
MNatwral Gas % 0.2% 0.4% 0.4%
Muclear % 0.0% 0.0% 1.2%
Hydro % 10.4% 20.4% 16.4%
Geothermal % 0.0% 0.0% 0.0%
Wind % 0.0% 0.0% 0.0%
Sotar % 0.0% 0.0% 0.0%
Other % 0.0% 0.0% 0.0%
Residuial-Cheek % 0o0%”  oo%” 0.0%
Transmission and distribution losses
% 0.0% 0.0% 0.0% 3.8% 4.3% 4.3%
0.00% 0.00% 000 381% 4.26% 4.25% (org)
Heat production efficiency
percent Bo.o% Br.0% 88.0%
Share in heat production
Coal % BR.0% Q0.0% Bs.0%
= 20.0% 2.0% 1.0%
Natural Gas % 4.5% 7.5% 13.0%
Muclear % 0.0% 0.0% 0.0%
Hydro % 0.0% 0.0% 0.0%
Geathermal % 0.0% 0.0% 0.0%
Wied % 0.0% 0.0% 0.0%
Solar % 0.0% 0.0% 0.0%
Other % 0.8% 0.5% 1.0%
Residual-Check % 5.7% 0.0% 0.0%
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units 87 92 97 107 117
Share in electricity generation
HESE 85.0% 85.0%
EEEF % 10.0% 10.0%
AEHRE N 5.0% 5.0%
100.0% 100.0%
SESE % g5.0% 95.0%
EEEF % 0.0% 0.0%
AEAL N 5.0% 5.0%
100.0% 100.0%
HESE % 85.0% 85.0%
EEEF % 10.0% 10.0%
AEHRE N 5.0% 5.0%
100.0% 100.0%
Shares of New Fossil Electricity Production
SHESE % 85.0% 85.0% 85.0%
EEEF % 10.0% 10.0% 10.0%
AERE N 5.0% 5.0% 5.0%
100.0% 100.0% 100.0%
SESE % 95.0% 95.0% g5.0%
EEEF % 0.0% 0.0% 0.0%
AERE R 5.0% 5.0% £.0%
100.0% 100.0%  100.0%
SESE % B5.0% B5.0% B5.0%
EEEF % 10,0% 10.0% 10.0%
AEAEN 5.0% 5.0% 5.0%
100.0% 100.0%  100.0%
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429 EHRTREREZFE

Mtoe 82 87 92 97 107 117

Production of Existing Fossil Generation

HBEHE
Coal GWWh Q o] Q 63060 85773 169840
oF Gih o) o) o) 11077 8024 4315
Natural Gas GWh o] 0 [o] 32818 35668 51785
EEER
Coal GWh o) o) o) 24304 24304 24304
on GWih o] 0 [o] 0 o] o]
Natural Gas GWh Q o] Q 7383 8238 a238
REHE
Coal GWWh o] 0 [o] 33668 56457 62790
Oa Gl Q o] Q 4502 5072 5073
Nareral Gas GWh o) o o 38 31 31
Remaining Demand to Be Met with New Fossil Generation
GEHE
Coal GWWh 0 a7 2655
i Glh a 7 J0
Natural Gas GWWh 0 a 406
EEER
Coal GWWh 0 10 3z
oF Gih 0 a 0
Natural Gas GWh 0 1 48
REHE
Coal GWh 0 5 156
on GWih [o] o] 4
Natural Gas GWh 0 1 24

Total Electricity Production - Mtoe

GaEHE

Coal Mtoe Q.00 0.00 000 528 1218 19.01

i hitoe 0.00 0,00 000 1.27 115 077

Natural Gas Mtoe 0,00 000 000 284 321 442
EEER

Coal Mtoe Q.00 0.00 000 1.09 1.43 224

i hitoe 0.00 0,00 000 0.00 0.00 0.00

Natural Gas Mtoe 0,00 000 000 035 038 052
WEAL

Coal Mitog 0.00 0,00 000 055 072 112

O Mtoe 0,00 000 000 007 0086 004

Natural Gas Mtog Q.00 0.00 000 017 018 026

Energy input for electricity production -GWh

=L1=E2)

Coal GWh 000 000 000 30315818 38766737 6201894.41

on GWih 000 0.00 [o101s] 4403786 39664 .33 2674432

Natural Gas GWh 0.00 0.00 Q.00 8425871 9211425 126756.09
BEEEE

Coal GWWh 000 0.00 [o101s] 3566578 46784 40 7206405

O Gih 0.00 0.00 Q.00 0.00 0.00 0.00

Natwral Gas GWh 000 000 000 981281 1083687 1491248
HEAL

Coal GWWh 0.00 0.00 Q.00 1783289 2338220 36482.02

OF Gwh 000 000 000 231778 208812 140760

Natural Gas GWWh 000 0.00 [o101s] 485645 541648 7456.24

Energy input for electricity production -Mtoe

HBEHE

Coa? Witoe [ole] 00 [o1s] 261 342 533

i Mioe Q.0 0.0 [e)s] 3.8 3.4 23

Natwal Gas Mtoe 0o oo oo 72 78 108
EEER

Coal Wtoe [ole] 00 [o1s] a1 40 63

Oa Mioe Q.0 0.0 [e)s] 0.0 0.0 Q.0

Natwral Gas Mioe 0o oo oo 08 (o) 13
HEALE

Coal Wtoe [ole] 00 [o1s] 15 20 34

O Mioe 0.0 0.0 [e)s] 0z 0.2 oA}

Natural Gas Mtoe Q.0 0.0 [e)s] 04 05 06

Needed new fossil generation capacity

HBEHE

Coal MW 0.00 11.47 337.68

O Wiy 000 1.86 18.00

Natural Gas W 0.00 352 177.04
EEER

Coal MW 000 1.35 39.73

Oa My 0.00 0.00 000

Natural Gas MW 0.00 o4 2083
REHE

Coal Wl 0.00 0.67 19.86

Oa MY 0.00 010 095

Nareral Gas hii 0.00 021 104

Needed new fossil generation capacity

“BEHE

Coal MA 000 11.47 33788

it WA 0.00 1.86 18.00

Matwral Gas MW 000 352 17704
EESEK

Coal MA 0.00 1.35 39.73

[enmtily 000 000 000

Matural Gas MW 000 o4 2083
REHLE

Coal WA 000 067 1886

o WA 000 010 [0}

Natural Gas MW 0.00 021 1041
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Energy balance table

Member Economy ™
Year:97

Units: Mtoe Coal 5 Crude 0il  Petrol. Prad. Gas, Hydro MHuclear HRE 4 Elzctricity Heat Total
Production o.0 0.0 0.0 1.1 10.5 0.z 11.8
Imports Fo.7 0.0 4.0 8.5 0.0 0.0 432
Exports , 0.0 0.0 0.0 0.0 0.0 0.0
Total energy supply 30.7 0.0 4.0 8.5 1.1 10.5 0.2 0.0 0.0 .0
Power and heat generation {30.7) {4.0) (8.5) {1.1) {10.5) {0.2) 20.5 0.0 {34.5)
Own Use & Losses 0.0 0.0 0.0 {o.7) 0.0 {o.7)
Total final energy demand 18.2 18.2
Wotes:
2 Coal refers fo mw coal amd coa! products. b Swok as gasoline, diesed, LPG, naphiha, fwel off, efe. ¢ feludes matwa! gas and oW gas.
o ioledes geothemal, wimd, solar, Hoal and biomass.e lnohes exports, stock chamge s amd inbemational manme burmers.
f inclwes auxifary el wse. g Own use and trAnsmission & distrbution fosses f bolwdes agricottere and conshuchon sectors.

Energy balance table
Member Economy TW
Year:107

Units: Mtoe Coal , Crude 0il  Petrol. Prod. Gas , Hydro Nuclear HNRE 4 Electricity Heat Tatal
Production 0.0 0.0 0.0 dad 15.0 o.b 16.9
Imports 0.2 0.0 3.6 [ o.0 0.0 532
Exports , 0.0 o.0 o.0 0.0 0.0 O.0
Total energy supply 0.2 0.0 3.6 9.3 1.1 15.0 o.8 0.0 0.0 T0.0
Power and heat generation {q0.2) {3.6) {9.3) {1.1) {15.0) {o.8) 26.2 0.0 {43.8)
Own Use & Losses 0.0 0.0 0.0 {1.1) 0.0 {1.1)
Total final energy demand 23.4 23.4
Motes:
2 Coal mdfers to mw coal and coal producds. & Suck as gasoline, diesel, LPG, naphtha, fuel o, eto. o Inoludes nateral gas and fown gas.
o drchedes geobhemial, wimd, solar, foal and biosass.e holwdes exports, stock changes amd' indemational mamme Ouwmkers.
F Inoludes ausilary fwel wre. g Own use and transmission & distribution bosses h fnoledes agrcutue and constuction sechors.

Energy balance table
Member Economy ™
Year117

Units: Mtoe Coal , Crude Oil Patrol . Frod. Gas Hydra MHuclear MRE 4 Elactricity Hexzt Total
Production 0.0 0.0 0.0 1.z 5.5 1.4 8.1
Imports 6z.7 o g 1z.8 o oo 8.0
Exports , 0.0 0.0 0.0 0.0 0.0 0.0
Total energy supply 627 0.0 Z.4 12.8 1.2 5.5 1.4 0.0 0.0 B6.1
Power and heat generation (2.7} {2.4) {12.8) {1.2) (5.5) (1.4) 32.8 0.0 (53.3)
Own Use & Losses | 0.0 0.0 0.0 {1.3) 0.0 {1.3)
Total final energy demand 20.4
MNeotes:

2 Coal refers to raw coal and coal products. b Swck as gasoline, diesel, LPG, naphtha, fwel of, eto. o Inolwdes nateral gas amd' fowr gas.
o lmchide s geodhemal, wind, solar, fidal amd biomass.e Moldes exports, stook changes and irdermationa) manive Ouwkers.
f vches ausifary fuel wse. g Own use and transmission & distribution beses & bclees agicatiue and constmction Fecios.

19



F.2-11 = § f g Pax

Greenhouse gas emissions table

Member Economy T™W
Year:97
Units: MtCO,. Coal 0il Petrol. Prod. ;, Gas ; Total
Tranformation to Power & Heat 122.7 NA 12.4 19.6 154.0
BEHA 104.3 NA 1.7 16.7 132.7
EBEE=ER 12.9 NA 0.0 2.0 14.2
wiEME 6.1 NA 0.6 1.0 7.7
Total emissions
Notas:

& Coal refers to raw coal and coal praducts. b Such 28 gasaline, dissel, LPG, naphtha, foel oll, ete. © Includes natural gas aknd town gas.

.5 t-colitoe

28 t-coZftoe

o Ineludes geothermal, wind, solar, Hidal and biomass, e nelddes eneryy use by non-heallelectricly tranformation industries fe.g. vefininers, LNG plants, ete. ),

Greenhouse gas emissions table

9.3 t-cotoe

28 tcoZioe

Member Economy T™W
Year:107
Units: MtCO:, Coal , 0il Petrol. Prod. Gas Total
Tranformation to Power & Heat 160.9 NA 1.2 21.4 193.5
SEHS 136.8 NA 10.6 18.2 165.6
BE=EN 16.1 NA 0.0 2.1 18.2
RiEE 8.0 NA 0.6 11 9.7
Total emissions
Notes:
a Coal vefers to raw coal and coal products. B Such as gasoline, diesel LPG, naphtha, fuel oif, ste. ¢ Includes natural gas and town gas.
d Inclodes geothermal, wind, soiay, dal and biomass. e Inciudes enery use by non i tric ity b el {e.n
. .
Greenhouse gas emissions table
Member Economy T™W
Year:117
Units: MtCO;. Coal , 0il Petrol. Prod. ,, Gas ; Total
Tranformation to Power & Heat 251.0 NA 7.5 20.5 287.0
GBEHA 213.3 NA 71 251 245.5
BEEER 25.1 NA 0.0 2.9 z8.0
HEIE 1z.5 NA 0.4 15 144
Total emissions
Notes:

& Coaf refers to raw coal and coal procucts. B Such 25 gasoiine, diesel, LPG, naphtha, tuel ol etc. © Includes natural gas and town gas.

o incluges geothermal wind, solar, tidal and biomass. e Includes energy use by

, LG plants, efe. )

9.8 t-co2toe

3.3 t-coZtoe

tricily tranformat.
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BALETRELSD P WEE S (State Grid Corporation of China)
(A3~ ~hd ~ L) #F3 %8 3 8¢ 12926W 5 &
A(AEs % 2HE2IL) $E%5 58 558GW > 4
A LFR AL T~ oimE) $ R 4R TR 1646GW ;
G R E- AN PN RN O S -'> 7% % £ 154.3GW ;
At (%RE ~HEI S FE T AT FREEFE 4T1IGW
Me > 2R (R R A ~FY 22 )BT £E 7 E 128GW >
g1 ®a > 7 2 (China Southern Power Grid Co. Ltd.) » % § R4
FRIBRAFREFT P B RFT TR 2FTEE

Regulator

2 State Electricity Regulatory Commission of China (SERC)

Grid Companies

2

State Grid Corporation of China (SG)
China Southern Power Grid Co. Ltd.

Huaneng Group
Datang Group
Huadian Group
Guodian Group
China Power Investment Corporation (CPI)

National Power
Generation Compnaies

()

China Power Engineering Consultation Group
China Hydropower Engineering Consultation Group
China Hydropower Construction Group
China Geshouba Group

Supporting Companies

()

4 8 B 3

Source: China Power Industry Association, China Power Industry Development Annual Report 2005

B 3-1  Composition of China’s Restructured Electricity Sector
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Central Government owned
power companies:
5 major generators and
2 nuclear power generators
(50%)

Locall Government owned
power companies
(40%)

Private and foreign IPPs
(10%)

Regional Stae Grid Corporation of China . .
“ China Southern Power Grid Co. Ltd.
Monopoly Five regional grid companies
Cross-regional
interchanges
Provincial L . . .
Provincial Power Companies Provincial Power Companies
Monopoly

. =

Prefectural power distribution

. =

Prefectural power distribution

Companies

. =

County power distribution

Companies

. =

County power distribution

Companies Companies
Users Users
Source: State Electricity Regulatory Commission
@ 3-2  Flow of Electricity
FLABE e P AT FTERF RS L 4o 43
FRE R 1998 £ 3% 32003 £ £ FED % 5 16% - @
En 5 B 2002 & & £ % 5%%5] 2006 £ 21% o
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TWh Power Generation
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B 3-3  Power Generation China, 1987~2007
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1995

Installed Capacity Capacity Increase

2007 1995 to 2007
GW % GW %
Thermal 556 77 393 78
Hydro 148 21 96 19
Nuclear 9 1 7 1
Others 5 1 5 1
Total 718 100 501 100

1999 2003 2007

= Thermal ® Hydro ® Nuclear ® Others(wind/solar/other)

Source: IEA (1987~2004), China Electric Power Yearbook (2005 ~ 2008)

Bl 3-4 Installed Capacity by Energy Source: 1995~2007
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yr ¥ HFEF® (SmartGrid)
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Residential :
Generation Mix in 2009 10maillion houses

- Thermal :149GW 40 times
- Nuclear: 48GW

- Hydro: 46.5GW of 2005

..........................
of 2005

Residential:

28GW 6.4million
.............................. houses

80%
residential

Non-
residential
Non-

residential

:
4

2005 2020 2030

Bl 4-1  Perspective of PV Integration

# 4-1  Summary of SmartGrid / Microgrid Projects (Japanese government
evolved)
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Large PV Systems in

and Hokuto

Effect of Large PV Penetration on Power Japan-U.S. Sm.an Gl‘i(_i Collaborativi
System Dynamic Characteristics DCIHOIISTrflTlOll Project(NEDO)
(2009-2012) (2009-2015)

Measurement of PV Qutput in 300 locations of all
over Japan
(2009-2012)

Next Generati ission/Distribution Project
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Short-term Goal (2012) N l'ong-term|Goal((2020)

B 4-3  Smart Power Grid
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Short-term Goal (2012)

“ Dynamic Pricing (CPP, RTP)

art electricity

B 4-4 Smart Consumer
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202 Ex TR FEMCBLAS 3 2020 & 2

ST e R AR T RE K S AT e < A2 Rk Aol 4-5 T e

(\x

34



long-termiGoal(2020)

+ Gommercialization of storage products = Large-scale gridwise storage system

lr'g-‘l

Storage

Di =tributed

] 4-5 Smart Renewables
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B 4-6  Smart Transportation
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Short-term Goal (2012) long-termiGoal{(2020)

“ Consumer friendly dynamic pricing = Fusion of heterogeneous industries
(CPP, RTF..) * Fast-east Asia inferconnection

Smart
Transportation

B 4-7  Smart Electricity Market
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APEC Energy Demand and Supply Outlook — 4th edition

China

CHINA

o  Rapid economic growth will drive an average annunal growth rate of 2.4 percent in China’s final energy demand over the

vitlook period,

o The fotal primary energy supply is projected to grow at 2.6 percent annually over the period; this includes average annunal
growth rates of 1.9 percent for coal, 3.1 percent jor oil and about 7.7 percent for natural gas.

o China’s oil impart dependeicy will increase from 38 percent in 2005 to 72 percent in 2030.

o Nuclear energy production is expected to grow 11.9 percent between 2005 and 2030, this increase will be key to China

redcing CO; emissions over the outlook period,

o Renewable energy is projected to grow significantly: 16.5 percent between 2005 and 2030,

ECONOMY

China’s  land covers 9,596,961 square
kilometres, making it the fourth largest economy in
size m the world, after Russia, Canada, and the US. It
features a range of landscape types, including
mountans, deserts and rver basins. The economy’s
population growth will be restramed durng the
outlook perod, growing 0.4 percent per year
compared with an average annual growth of 1.4
percent in the three decades from 1975. The total
population is expected to increase to abour 1.45
billion by 2030 — 20 percent of the world population.

area

China 1s the third largest economy in the world
after the US and Japan with a nommnal GDP of
USS4.4 trillion in 2008. It has sustained high rates of
economic growth since the eatly 1990s; the annual
growth rates for 1991-2007 range between 7.6 and
14.2 percent.’” However, in the late 1990s, growth
slowed slightly, and energy consumption also levelled
off during 1997-2000. Since 2001, as GDP growth
sped up again, along with rates of industrialization,
urbanization and motorization, China’s  energy
consumption has grown rapidly. * The Chinese
economy 1s expected to grow robustly over the
outlock period, at an average annual rate of 6.1
percent — tlus 1s the fastest rate projected for all
APEC economies.

In particular, China’s oil demand increased in
response to 1ising car ownership and industrial
development, so that by 2005 it accounted for 19
percent of the economy’s total energy demand.

Recent growth in China’s energy demand has
mainly been doven by rapid growth in mdustry; in
2006, industry as a whole accounted for 43.8 percent
of final energy consumption.” While there 1s some
investment in light manufacturing, the main area of

5 IMF (2009).
55 NBS (2008), Energy/6-2.
% TEA (20084), TT 92

growth has been in a comeback of heavy industry
since 2001. 9 Within this sector, energy use is
dominated by smelting of ferrous metals (29 percent
of all industrial energy used in 2006), followed by
non-metal mineral industry (21 percent).®

Figure PRCI: GDP and population
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Source: APERC analysis {2009)

The transportation sector accounted for around
10.5 percent of final energy consumption in 2006;
this increased at 9.1 percent annually from 2000 to
2005. This growth in demand is mainly driven by
road transportation, which consumes 66.7 percent of
this sector’s energy nse.52 Passenger vehicle numbers,
mcluding civil and private, have grown at an average
annual rate of 24 percent from 2000 to 2007.¢3 While
Cluna is making significant investments i public
transportation, including high-speed rail and urban
mass transit rail systems, private vehicle ownership is
still expected to nse sharply .6+

The ‘other’ sector, which 1s mainly residential and
commercial use, accounted for 37 percent of the
economy’s final energy demand in 2006. Residential

80 APERC (2008),p 115

st IEA (20084), [L92

62 Thud.

8 NBS (2008), Transport/15-26, 15-27
s TEA (2007), pp 378-370.

26

40




APEC Energy Demand and Supply Outlook — 4th edition

China

energy use domunates (75.8 percent of tlus sector’s
energy use i 20006), followed by agriculture and
commercial, at abont 10 percent each.®

Most of the rural areas m China now have
electricity supply; the 2005 electrification figure was
99.4 percent of households.® Growth in residential
energy demand, however, is mainly due to mcreasing
urbanization. The urban population, concentrated in
the Bohai Bay Rim, the Yangtze River Delta and the
Pearl River Delta, has grown annually at 3.1 percent
from 2000 to 2005, while the rural population has
expenienced negative population growth. § These
ncreases urbanization and the move toward
nuclear famuilies translate mto a higher quality of life,
and also to increases in total energy demand, as urban
residents tend to be more dependent on electricity
and commercial fitels than the rural population.®®

in

Across the whole of Cluna, heating and cooling
is one of the top five residential uses of energy.
However, the actual level of demand ranges widely
across the economy’s varying geography; for instance,
m Guanzhou hmtmg and cooling consumes 32
percent of household energy use, wlile in Shenyang it
can be as low as 1 percent of total electric demand.s?

ENERGY RESOURCES

China 1s nch in energy resources, particularly
coal. In 2006, China was the largest producer and
consumer of coal in the world, as well as the fifth
largest producer, and second largest consumer, of oil.
However, after a long history of being a net oil
exporter, Cluna became a net oil importer i 1993.
According to recent estimates, China has recoverable
coal reserves of some 114.5 billion tonnes, enough to
last 44 years at 2007 demand levels; proven oil
reserves of 2,100 mullion tonnes, wlich will last 5.6
yvears at 2008 demand levels; and proven natural gas
reserves of 2,460 bem, equivalent to 30 vears demand
at 2008 levels. ™ Tn addmon China is endowed with
400 GW of hydroelectric generation potential, more
than any other economy in the world (2007 installed
hydro capacity was 148 GW). There is also potential
wind-based generation of 1000 GW, including 750
GW offshore and 250 GW show—based. I Most of
the economy’s existing electricity generation is coal

5 TEA (20084), T192.
s TEA (2006), p 570

& UN (2007)

s APERC (2008), p 115-128.
©  APERC (2008), p 121

70 2007 coal consumption from NBS (2008), p 246; all proved
reserves and consumption other than coal from BP (2009).

T Wu (2007).

fired, with coal accounting for 79 percent of

electricity prochiction in 2005.

Much of the growth in domestic energy demand
for crude o1l 1s bemg met by imports. The expansion
of domestic cmde oil production and refinery
capacity has not been sufficient to match the rapid
increase in demand for diesel and gasoline. China’s
mcreased take from the global oil market has had
significant  impact internationally, tightening the
overall balance between demand and supply. Chinese
ol companies are also tiying to boost overseas
mvestment levels m order to ensure stable supplies.

In 2007, China’s total investment in renewable
energy was ranked second in the world at USS12
billion, after Germany, which mvested USS14
billion. ? Additions of 2.1 GW installed capacity
increased the wind power total installed capacity to
42 GW in 2007.75 In addition, China has been
speeding up installation of solar photoveltaic power
generation: n early 2007 the mstalled capacity was 20
MWp, which had usen to 200 MWp at the end of
that year. China produced 1088 MWp of solar cells in
2007, exceeding production rates m Japan (920
MWp) and Europe (1062 MWp).™

ENERGY POLICIES

In a context of rising demand and constrained
supplv Clhina has made energy securty the top
priorty in its energy policy ob]ecm es. The economy’s
“11th five-year plan™ sets out a programme for the
enhancement  of energy securty, with strong
emphasis on energy efficiency. By 2010, China aims
to improve energy mtensity by 20 percent, compared
with 2005 levels. A number of measures have been
implemented to this end, including modernization of
energy industries, with the closure of small coalmines,
electricity  plants, refineries, and 1won-and-steel
production plants; and the mtroduction of efficient
technologies throughout the energy supply chain,
from production and transportation through to
consumption.’

In recognition of its vulnerability to international
market changes, China has been trying to increase the
security of its oil supply through intensifying its
upstream  vestment activiies m  Kazakhstan,
Venezuela, Sudan, Iraq, Iran and Peru. It also started
developing a second cross-border oil pipeline project
between China and Kazakhstan in 2008.7¢

72 The Climate Group (2008)

3 CEPY (2008), p 732.
IPPGC (2009)

5 NDRC (2007).

7 CIIC (2009).
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The government has been steadily implementing
energy sector reforms. Gains have been made in the
management of energy, and law around energy saving
has been noticeably strengthened. The new
government elected by the 11th National People’s
Congress 1n 2008, has established a high-level
coordinating body with the aim of strengthening
decision-making in the energy area: the National
Energy Committee is in charge of drawing up the
economy’s overall energy strategy, and deliberating
OIl €NEIZY SECULILY ISSues.

One rapidly developing area 1s the use of
combined heat and power (CHP) cogeneration. In
northern China where demand for heat i1s great
during winter, CHP offers good gains in energy
efficiency, while also reducing air pollution and
increasing overall power supply to communities — so
allowing an increase m quality of life in a cold climate.
Since energy reform policies were introduced m the
1970s, the installed capacity of heat and power
cogeneration has grown quckly: from 10 GW in
1990, to 29.9 GW in 2000, and 69.8 GW in 2005
(annual average growth rates of 11.6 percent during
19902000, and 18.5 percent during 2001-2005).
Tlus expansion is seen to have made a considerable
contribution to the economy and social development
of China.”

The overall policy goals set by China for
development of an efficient power sector are:™s

e promoting the constiction of highly efficient
large-scale power plants, siuch as supercritical and
extra supercritical coal-fired generation

e restricting the construction of small-  and
medinm-sized conventional coal plants (300 MW
and below) and closing inefficient small thermal
power plants (Chma closed plants with total
capacity of 23.36 GW 1 2007)™

e promoting the construction of highly efficient

combined heat and power plants to supply
district heating in medmm-sized and large cities

e promoting the constmiction of safely designed
nuclear power plants.3

In 2008, the Chinese Ministry of Finance made a
major budget allocation for energy saving and
renewable energy, and it is expected this ministry’s
role I energy conservation promotion will mecrease
greatly. Options being considered mclude: setting up
a special fund to increase vestment In energy

CTJ (2008)
NDRC-STD (2006)
CPIA (2008).

% NDRC (2007).

conservation; adjusting the tax system to encourage
energy conservation and promote the rational
development and utilization of energy; improving
government procurement policies to encourage
government agencies to take the lead m energy
saving; lmproving rates for use of resources and
environment so that prices reflect real costs; and
establishing a fund to support use of new renewable
energy sources, to gradnally reduce dependence on
conventional sources of energy.sl

OUTLOOK

FINAL ENERGY DEMAND

Over the forecast period, China’s final energy
demand is projected to grow at 2.4 percent per vear,
which 1s much slower than the average annual growth
of 4.2 percent between 1985 and 2005, The ‘other’
sector will take up the largest share in 2030, at 40
percent, followed by the industry sector (36 percent)
and transport (17 percent).

Figure PRC2: Final energy demand
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Source: APERC analysis (2009)

Industry

China’s industrial energy demand is projected to
grow at an average annual rate of 1.7 percent until
2030; this is slower than its average annual growth of
2.6 percent between 1985 and 2005. More than two-
thirds of the energy required in the industiial sector
will be used by heavy industry, such as the processing
of chemicals, metals, non-metallic minerals, mining
and quarrying. Coal has been the major source of
energy i1 China’s industrial sector, althongh other
energy sonurces such as oil and electricity have nibbled
at its share. Over the forecast period, coal’s share of
the total industual energy demand is expected to
decline, reaching 46 percent by 2030, down from 59
percent m 2005, Coal is mamly used i the
production of crude steel, cement, and chemicals.

3t APERC (2009), p 56.
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The share of the total industrial energy demand
met by petroleum products is projected to decrease
to 6 percent m 2030, down from 8 percent in 2005.
The industrial demand for natural gas 1s projected to
grow quickly, at 6.1 percent per vear, compared with
3.5 percent average annual growth between 1985 and
2005. Despite the relatively fast mcrease in demand,
the natural gas share of the total industral energy
demand will reach only 7 percent in 2030, up from
3 percent in 2005.

The mdustrial demand for electricity is projected
to grow the fastest, at an average annual rate of 2.8
percent over the outlook period. It is expected to
follow coal as this sector’s dominant energy source by
2030, acconnting for 32 percent of Chma s industrial
energy demand. Mﬂnurﬂcmung 1s the major industrial
electricity user.

Transport

Chinese transportation energy demand is
expected to grow by 4.4 percent annually over the
outlook period. Gasoline, the main fuel for passenger
vehicles, will see a 4.0 percent increase over the
period, while diesel use for trucks and farm vehicles
is expected to grow by 4.5 percent. Continued
income growth will boost levels of passenger vehicle
ownership.

Other
Energy demand in the ‘other’ sector, which
mcludes residential, commercial, agricultural, and

construction demand, is expected to grow at an
average annual rate of 2.5 percent over the outlook
period. Electricity and biomass are expected to
continue to domunate the energy mix in this sector;
electricity’s share rises from 12 percent in 2005 to 26
percent in 2030, while biomass drops from 52
percent to 28 percent. Tlus sluft in the energy mix 1s
based on increased urbanization and rising living
standards.

PRIMARY ENERGY SUPPLY

China’s total primary energy supply is projected
to grow at an average annual rate of 2.6 percent — a
slower pace than between 1985 and 2005, when the
average annual growth was 2.9 percent.

Among the fossil fuels, namral gas will grow at
the fastest pace (7.7 percent per year), followed by o1l
(3.1 percent) and coal (1.9 percen‘r) Nuclear energy is
e\pected to play a key role in reducing China’s CO:
emussions; it has a projected growth of 11.9 percent
over the period, while new renewable energy has a
projected growth of about 1.0 percent.

29

Figure PRC3: Primary energy supply
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Coal demand will be largely driven by the
electricity sector, which accounted for more than 50
percent of the I'Ot’il demand for this fuel m 200752
China will continue to rely on coal to meet the rising
demand for electrcity, as the most cost-effective
option it has; this is in the context of significant coal
reserves and the expectation that Chima is likely to
remain a net exporter of coal. The economy is
projected to double its installed capacity of coal-fired
electricity generation, from 381 GW in 2005 to 762
GW 1 2030.

Growth in the industty and transportation
sectors will boost demand for oi, with industry
(including non-energy oil production) consuming 25
percent and transport using 32 percent of the total oil
demand in 2030. As China’s efforts to increase its oil
supply will not match this rising demand, the
economy’s net oil import dependency is projected to
increase from 38 percent in 2005 to 72 percent in
2030.

The natural gas share of the total primary energy
supply will increase from 2 percent n 2005, to
4 percent 11 2015, and 8 percent in 2030. China faces
considerable difficulties importing and distributing
natural gas, which has slowed its uptake of the fuel
Two major pipelines have begun operation or are
under construction the first decade of the
twentieth century. The first West—East Gas Pipeline
began operation m 2004, Tt brings natural gas from
Kazakhstan to more than 70 cittes and 3,000 large
and medmm-sized enterprises, supporting annual
sales of 42 bemy; it is also the main gas sonrce for the
Bohai Sea, and Yangtze River Delta economic circles.
Construction began in 2008 on the second West—
East Gas Pipeline, which will min from Hergos in
Ninjiang (where it connects to the Central Asia Gas

in

Pipeline, bringing supply from  IKazakhstan,
Turkmenistan, and Uzbekistan), southeast to
32 NBS (2008)
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Guangzhou, and east to Shanghai. Tlus 9,139
kilometre line will pass through 14 provinces and
municipalities. 8 This second pipeline will deliver 30
bem anmually, a supply level expected to meet
demand for 30 years.®

ELECTRICITY

Electricity demand m China will ncrease by 3.8
percent per vear over the outlook period — this is
more than twice as fast as it was ncreasing in the
period to 2005 The economy’s total electricity
demand 1s expected to surpass that of the US
sometime around 2025,

Throughout the outlook period, coal wil
mamtamm 1tz dommant share the electricity
generation mMix; it is projected to provide around 63
percent of generation in 2030. Generation based on
natural gas will provide about 5 percent of the total
generation mix. In coastal areas, gas-fired generation
will replace coal-fired generation, as a result of
reforms aimed at reducing emissions. Installed
nuclear capacity is projected to increase substantially
from 7 GW m 2005 to 70 GW in 2020, and further to
120 GW 1n 2030; however, the total nuclear share
the electricity generation mux will reach only 14
percent by 2030. Hydro will see a major expansion
with the opening of the Three Gorges Dam project
m 2009. By 2030, hydro capacity is expected to have
reached 320 GW, up from 117 GW in 2005, and
renewables-based capacity to reach 139 GW (mostly
from wind), up from 3 GW 1 2005,

in

Figure PRC4: Electricity generation mix
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Source: APERC analysis (2009)

CO; EMISSIONS

Over the ontlook period China’s total CO:
emissions are projected to increase from 5,131
million tonnes of CO> mn 2005 to 9,225 nmullon
tonnes in 2030. Of the 2030 emissions, 51 percent
will come from the electricity sector (about 4,741

83

CIIC (2008).
CIIC (2009).
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mullion tonnes) and 17
mullion tonnes).

percent from mdustry (1,600

The decomposition analysis shown in the table
below suggests that the growth in China’s CO,
emissions from fuel combustion will primarily be due
to economic growth, moderated significantly by
decreasing energy intensity. The decline in China’s
CO: intensity of energy b\' 0.3 pexcent dlnmg the
outlook penod 1s based on the commissioning of
large capacity nuclear power plants and development
of renewable energy resources.

Figure PRC5: CO: emissions by sector
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Table PRCI: Analysis of reasons for change in CO:

emissions from firel combustion

{Average Annual Percent Change)

1990~ 2005- 2015 2005-

2005 2015 2030 2030
Change in CO; Intensity of Energy 0.9% -0.1% -0.5% -0.3%
Change in Energy Intensity of GOP -4 9% -37% -2.8% -3.2%
Change in GDP 10.1% TT7% 5.0% 6.1%
Total Change 57% 36% 1.5% 2.3%

Source: APERC Analysis (2009)

CHALLENGES AND IMPLICATIONS

China 1s nchly endowed with energy resources
such as coal, oil, and hydro. However, the
development of these energy sources is not sufticient
to meet the economy’s growing demand. On the
electuicity front, there 1s a need to create a regulatory
framework that is attractive for investors, perhaps by
means of rewarding investors who build more
efficient and environmentally friendly plants.

China’s new policy initiatives to promote energy
efficiency are expected to reduce the economy’s
energy intensity significantly; however, the pLO]ected
increases in Jmng standards and continued economic
growth, along with China’s high reliance on coal,
mean greenhouse gas emussions are still expected to
chmb sigificantly. With 1ts large population and
rapid economic growth, minimizing the sigmficant
environmental impact from the rapid projected
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growth should be a top priority for the Chinese
government, for without proper measures for
fighting greenhouse gas emissions and pollution,
China’s economic development can create significant
burden (on 1ts citizens and the planet).

In terms of energy imports, net import
dependency of oil is projected to increase from 38
percent in 2005 to 72 percent in 2030. The increasing
energy imports, combined with depleting domestic
resources, have raised concerns over energy supply
security. While China is aggressively strengthening its
relationships with resource-exporting countries, it
must continue its effort if it wishes to avoid possible
supply shocks and impediments to its high economic
growth. Even without significant supply shocks, such
high dependency on ol may impede economic
growth due to nnstable energy prices m China.
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HONG KONG, CHINA

®  Hong Kong, China’s primary energy supply is projected to grow at an average annual rate of 1 percent over the outlook period.

Meost of the increased demand is for oif for international air transport and local transport; in 2030 oif occupies a 40 percent

share of the total primary energy supply.

o Hong Kong, China is expected fo be increasingly dependent on tnported eners

doubling between 2005 and 2030.

from mainiand China, with tmport levels

o CO: emissions from fuel combustion are projected to reach 54 nuillion tonnes of COz by 2030, which is approxiniately a 28

percent inevease on 2005 levels.

ECONOMY

Hong Kong, China, is one of the special
administrative regions of the People’s Republic of
China. It borders Guangdong to the north and is
surrounded by the South China Sea to the east,
west and south. Hong Kong, Chma i1s an
mternational financial centre, and has a lughly
developed capitalist economy.

Hong Kong, China has been transforming
mself into an  almost entirely  services-based
cconomy. Its GDP s expected to grow at an
average annmal rate of 3.5 percent over the outlook
period; this is a slowing down compared to average
anmial growth of 5.1 percent between 1985 and
2005. Besides the economy’s traditional strengths
m financial, logistics, property, toursm and
services mdunstries, Hong Kong, China’s projected
growth is based on an increase in knowledge-based
and services industries, including fitness and
beauty, theme parks, business consulting, and
environmental industries. By 2030, it is expected
that the services sector will contribute more than
95 percent of GDP. The population 1s expected to
grow slowly at an average anmual rate of 0.8
percent over the outlook period, reaching more
than 8 mullion people in 2030,

Figure HKCI1: GDP and population
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Hong Kong, China’s economy has a firm
toundation in its strong financial services sector. It
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is expected to continue to shift towards higher-
ralue-added  services and a  knowledge-based
economy. To stay competitive and attain
sustamable growth, Hong Kong, China needs to
restructire  and reposition Itself to face the
challenges posed by globalization and closer
integration with mainland China. The Mainland
and Hong Kong Closer Economic Partnership
Arrangement (CEPA) is an example of the
opportunities the economy has under the ‘One
Country, Two Systems’ relationship with mainland
China.®® The trade in goods liberalization of CEPA
means that all products of Hong Kong, China
origin enjoy taritf-free access to mainland China —
on application by local manufacturers, and as long
as the CEPA rmles of origin are satisfied. And tfrom
Jamuary 2008, service suppliers in Hong Kong,
China enjoy preferential treatment in 38 service
areas in mainland China.

The government’s strategy is to move up the
value chain by speeding up  structural
transformation to a high-value, knowledge-based,
and skillintensive economy; pursuing reforms in
education and population policy to achieve the
talent pool required; and leveraging on the
immense business oppormuties avaidable in
mainland China. There are four economic sectors
where Hong Keong, China has a competitive
advantage over mainland China: trade and logistics,
tourism, financial  services, and professional
services and other producer services.

While road transport is highly visible in the
city, the Hong Kong MTR ral system 1s also a
significant  part of the transportation sector,
carrying  about 3.5 million passengers every
weekday in 2008, and its ridership has increased at
about 5.8 percent annually from 2000 to 20085 As
a regional aviation hub as well as the gateway to
the Pearl River Delta (PRD) area of mainland
China, Hong Kong international airport has

55 HKTID (2009)
5 AITRC (2009)
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significant  throughput — it served around 80
airlines and 48.6 million passengers i 2008, 8
Hong Kong, China’s energy use for international
aviation Is significant — petroleum products for
mternational aviation accounted for about 76
percent of energy use in the whole transportation
sector in 2006.%8 In the future, mainland China’s
increasing  participation i global
activities 1s expected to speed up the growth of
passenger air travel between Hong Kong, China
and mainland China. Globalization of economic
activities has also mcreased the freight volume of
air transpott.

£CONOoMmIc

Energy use m Hong Kong, Chma’s ‘other’
sector 1s heavily dominated by commercial and
public services, which consume about 70 percent
of all energy wsed in this sector (whie the
residential subsector consumes 29 percent). Due
to its tropical climate, air conditioning is a
significant  part  of residential  energy
accounting for about 20 percent of residential
demand in 2006. Relatvely slow growth in
residential energy use (an average annual increase
of 1.72 percent from 1996 to 2006) appears to
reflect marker saturation. Similarly, growth in air
conditioning use in the commercial sector has also
grown only moderately, at an average annual rate
of 2 percent over the same period.??

nse,

ENERGY RESOURCES

The absence of a domestic energy source has
made Hong Kong, China a net importer of oil
products (mostly from Singapore); it also imports
natural gas — in 2007, 100 percent of tlus came
from mainland China. Privately owned electric and
gas  utilities the economy’s daily
TeqUIrements.

service

Towngas and liquefied petrolenm gas (LPG)
are the two main types of fuel gas used throughout
Hong Kong, China. Towngas is distributed by the
Hong Kong and Cluna Gas Company Limited. It
is manufactured at plants in Tai Po and Ma Tan
Kok, using both naphtha and natural gas (from
October 2006) as the teedstock. LPG 1s suppled
by oil companies and mmported into Hong Kong,
China through the five terminals on Tsing Y1
Island.?!

¥ HKIA (2009)
@ IHA (2008) 11-127.
2 Ibid, II-127

50 HKEEO (2008).

L APERC (2009}, p 60.
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In 2008 the total installed electricity generating
capacity serving Hong Kong, Cluna was 12,644
MW, including capacity in Guangdong contracted
to utilities in Hong Kong, China. All locally
generated electricity 1s thermal fired. Electueity 1s
supplied by CLP Power Hong Kong Limited (CLP
Power) and The Hongkong Electric Company
Limited (HEC). CLP Power supplies electricity
from 1ts Black Pomt (2,500 MW), Castle Peak
(4,108 MW) and Penny’s Bay (300 MW) power
stations. Natural gas is the main fuel at Black Point,
and coal the main fuel at Castle Peak. The natural
gas i1s imported from the Yacheng 13-1 gas field
off Hainan Island in southern China, via a 780-
kilometre high-pressure submarine pipeline. CLP
Power is contracted to purchase about 70 percent
of the electucity generated at the two 984 MW
pressurized water reactors at the Guangdong
Nuclear Power Station at Daya Bay to help meet
the long-term demand for electricity in its supply
area. It also has the right to nse 50 percent of the
1,200 MW capacity of Phase 1 of the Guangzhou
Pumped Storage Power Station at Conglma.®

Electricity for HEC is supplied from the coal-
and gas-fired Lamma Power Station, which has a
total installed capacity of 3,736 MW. Naniral gas
used at this station is mainly mmported through
submarine pipeline from Dapeng LNG terminal in
Guangdong, China. At the Lamma site, HEC also
operates the first commercial wind turbme
Hong Kong, which began operation in February
2006 as a pilot project. The rated capacity of the
wind nurbine is 800KW %3

ENERGY POLICIES

The Government of the Hong Kong Special
Administrative  Region (SAR) pursues two key
energy policy objectives. The first is to ensure that
the energy needs of the community are met safely,
efficiently, and ar reasonable prices. The second is
to mummize the environmental impact of energy
production and consumption, and promote the
efficient use and conservation of energy.

In keeping with the free market economic
policy of Hong Kong, Chma, the government
mntervenes only when necessary to safeguard the
interests of consumers, ensure public safety, and
protect the environment. The government works
with the power, oil and gas companies to maintain
strategic reserves of coal, diesel and naphtha. It
monitors the performance of the power companies

#2 Thid, p 39.
93 HEC (2009)
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through the Scheme of Control Agreements, most
recently revised in 2008, to encourage energy
efficiency, quality services, and renewable energy
use.®

To help monitor the energy situation, Hong
Kong, China has developed an energy end-use
database. The database provides useful msight mto
the energy supply and demand situation, includmng
energy consumption patterns and trends, and
energy use characterstics of the individual sectors
and subsectors. A basic data set is publicly
available on the internet.?s

In its latest 2008-2009 Policy Address, the
government indicates it will continue to support
environmental protection and promote sustainable
development by taking vigorous measures to
improve air quality.”® For example, the Hong Kong,
China government has reached a consensus with
the Guangdong Provincial Government on jointly
transforming the pan-Pearl River Delta (PRD)
region mnto a ‘green and quality Living area’ based
on the principles of promoting environmental
protection and sustamable development. To
achieve this goal, Hong Kong, China and
Guangdong will work together m the areas of post-
2010 emission reduction arrangements, the
optimization of the energy mix for electricity
generation, the development and wider use of
renewable energy, vehicle emissions reductions,
enhanced conservation, and scientific research, as
well as raising public awareness.

On 28 August 2008 a Memorandum of
Understanding was signed between the Hong
Kong SAR Government and National Energy
Burean of China. This ensures a long-term and
stable supply of nuclear electricity, and the supply
of natural gas from three different sources, namely
offshore gas, piped gas, and liquefied natural gas
(LNG), to be suppled through an ING temuna.l
to be bmh:, as a joint venmire, on a neighbouring
mainland site.”” At present, 28 percent of electucity
generated by plants in Hong Kong, China is gas
fired. The government enacted the legislation on
the Mandatory Energy Efficiency Labelling
Scheme in \[’W 2008, which will enforce labelling
of home app]_mnces to ensure that appliances have
met the government’s specified requrements.
The government 1s also a leader in energy
efficiency building codes, and has provided

94 HKG, HECL and HEHL (2008).
95 http:/ /www.emsd gov.hk

% HKG (20084).

97 NEA of PRC and HKSAR (2008)
% HKG (2008B).

guidelines since July 2008 that include direction for
reporting and reducing greenhouse gas emissions
from buildings.®

Electricity supply in Hong Kong, China has
been provided by two mdependent, vertically
integrated power companies, each providing
generation, transmission, distribution and retailing
of electricity in two geographically separate areas.
Natral gas will be the main energy source for
electricity generation in the future. To improve air
quality and address the challenges posed by global
warming, the government of Hong Kong, China
has said it will actively explore ways to gradually
increase the se of ‘cleaner’ energy b\' for emmple,
mcreasing the proportion of natural gas for local
elecmmrj* generation to 50 percent. %" However,
Hong Kong, China can import nmch more
electricity from mainland China. This projection,
therefore, estimates there will be limited new
power plant development and that the gas-fired
share of local electricity generation will remain at
35 percent i 2030,

Hong Kong, China’s government has set a
target of 1-2 percent of its total electricity supply
to be based on renewable energy sources by 2012.
Hong Kong, China does not have much wind farm
potential, so most of these increases are expected
to come from solar energy.10!

Other action to promote energy efficiency and
conservation, and to make substantial reductions
in  carbon dioxide emissions, includes the
government’s plans to implement a district cooling
system at the Kai Tak Development — tlus will
supply chilled water to buildings in the new
development  area  for  centralized  air-
conditioning, 102

In the transportation area, almost all diesel
taxis have now been replaced by LPG models. In
August 2002, the government lannched a voluntary
incentive scheme to encourage owners of existing
diesel public and private light buses to replace their
vehicles with LPG- or electucity-duven models.
Up to the end of December 2007, there were over
2,700 LPG light buses in operation, representing
more than 40 percent of all public/private light
buses 1 Hong Kong. The government has also
taken a leading role in the use of green vehicles,
and introcduced petrol-electric hybrid vehicles in
government fleets m 2005, The government

9  HKEPD(2008).

10 APERC (2009), p 61.
101 T eung and Hui (2004).
102 ENMSD (2009).
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continues to identify possible ways to encourage
vehicle owners to use cleaner alternative energy
sources.t03

OUTLOOK
FINAL ENERGY DEMAND

In 2005, the total final energy demand in Hong
Kong, China reached 12 Mtoe. The transport
sector accounted for the largest share at 54
percent, followed by the ‘other’ sector (34
percent), which is mainly residential and
commercial use, and the mdustrial sector (8
percent). The dominance of transport means the
most important end-use energy sonrce was
petroleum, accounting for 66 percent of energy
use. Electricity and others made up 29 percent of
end-use consumpton, while gas accounted for
only 5 percent.

Over the outlook period, final energy demand
is projected to grow at an average annnal rate of
0.9 percent, which is low compared with the
average annual rate of 5.2 percent between 1985
and 2005. In 2030, the transport sector 1s expected
to still hold the largest share, at 51 percent,
tollowed by the ‘other’ sector (44 percent), and
industry (5 percent).

Figure HKC2: Final energy demand
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Source: APERC analysis (2009)

Industry

Energy demand in the industrial sector is
projected to decline at an average annual rate of
1.7 percent untl 2030; this is a drop from the
average anmal growth of 1 percent between 1985
and 2005, This decrease can perhaps be accounted
for by the relocation to mamland China of many
industries, especially energy- and labonr-intensive
ones. Petrolenm products are the dominant energy
source Hong Kong, Chma’'s mdustnal
production processes, and this consumption is
projected to decline at 2.7 percent per vear. Diesel

n

105 APERC (2009), p 63.
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accounts for almost all industrial oil consumption
in the economy.

Transport

Transport energy demand is projected to rise
slightly, from 6.7 Mtoe in 2005 to 7.7 Mtoe in
2030. Much of the growth will come from demand
for jet kerosene for international air transport —
representing more than 70 percent of the increase
in transportation energy demand over the outlook
period. The rest of the increase m the projected
transportation energy demand will come from local
road transport, which uses mainly oil.

Other

Energy demand in the ‘other’ sector, which
mcliudes residential, commercial, agricultural, and
construction demand, 1s prmarily driven by the
requirements for space cooling, water heating and
cooking. Over the outlook penod, the ‘other
sector energy demand 1s expected to grow at an
average annual rate of 1.9 percent; this is
consistent with projected income growth and
improving living standards in Hong Kong, China.
Electricity will make up the largest share of the
total ‘other’ sector energy consumption in 2030,
accounting for 84 percent.

PRIMARY ENERGY SUPPLY

Hong Kong, China has no domestic energy
reserves or petrolenm refineries and therefore
imports all of its primary energy needs. The total
primary energy demand is projected to grow at an
annual rate of 1 percent during the outlook period.
The strong demand growth in transport means oil
will continue to dominate the total primary energy
supply, even though its share will decline from 48
percent mn 2005 to 40 percent m 2030. Natural gas
will mcrease its share, mcreasing from 12 percent
in 2005 to 18 percent by 2030, at the fastest
average annual rate of 2.6 percent. Coal will
maintain its 37 percent share m 2030.

Figure HKC3: Primary energy supply
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ELECTRICITY

Hong Kong, China’s electricity demand is
projected to increase at an average annual rate of
2 percent, reaching 5.9 Mtoe in 2030. The
economy’s commitment to reducing GHG
emissions means that additions to the total
mstalled capacity are expected to be natural gas
fired, rather than coal fired, and coal’s share of the
total electricity generation is expected to fall from
70 percent 1 2005 to 63 percent m 2030.

Because of strong public opposition to nuclear
power, and limited land for construction of a plant,
nuclear power 1s not a viable option for Hong
Kong, China over the outlook period. However,
the importing of electricity from the Guangdong
Daya Bay Nuclear Power Station will continue —
this plant supplies aronnd 22 percent of electricity
demand in Hong Kong, Clhina. When the power
supply agreement with Daya Bay expires in 2013,
Hong Kong, Cluna will need to continue sourcing
electricity  supply  from  mainland  China.
Government policies aimed at slowing climate
change have set a target for electricity generation
from renewable sources: 1-2 percent of the total
electricity supply i1s to be renewables based by
2012. Our projection 1s that the economy wil
achieve 1 percent electricity supply from renewable
sources by 2015 and 2 percent in 2030.

Figure HKC4: Electricity generation nux
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Source: APERC analvsis (2009)

CO; EMISSIONS

Orver the outlook period, Hong Kong, China’s
total CO: emissions from fuel combustion are
projected to reach 54 million tonnes of COs, which
1s 29 percent higher than in 2005 and 59 percent
higher than the 1990 level emissions.

The electricity generation sector is expected to
account for the largest share, at 80 percent of total
CO; emissions or 43.3 million tonnes of COa,
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followed by the transportation sector (11 percent,
or 6.1 million tonnes of COs). The transport
fignres  exclude emission from international
aviation.

Figure HKCS: CO; emissions by secror
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The decomposition analysis shown mn tlus
table indicates that the increases in Hong Kong,
China’s CO; emissions are mainly drven by GDP
growth. However, significant and steady reduction
n energy intensity s expected to offset much of
the increase stemming from economic growth.

Table HKCI: Analysis of reasons for change in CO;
emissions from fuel combustion

{Average Annual Percent Change)

1990- 2005- 2015 2005-

2005 2015 2030 2030
Change in €O Intensity of Energy -2.1% -0.2% 0.1% 0.0%
Change in Energy Intensity of GDP -6.6% -2.8% -2.5% -2.6%
Change in GDP 10.9% 4.4% 3.3% 37%
Total Change 1.4% 1.3% 0.7% 1.0%

Source: APERC analysis (2009)

CHALLENGES AND IMPLICATIONS

Overall, the economy of Hong Kong, Cluna is
expected to continue to grow healthily. However,
such growth will be heavily dependent on its
energy security, as Hong Kong, China depends on
imports for most of its energy supply.

With its lack of capacity to refine oil or build
many new power plants, the economy 1s heavily
dependent on immported ol and electrcity,
especially to supply the large energy demands from
mternational aviation and from the residential and
commercial sectors. It is critical that Hong Kong,
China 1mproves its energy security, in particular to
protect itself from flucmations in the energy
market. While the lack of indigenous resources
means lttle can be done to improve security of
supply of fossil fiels, electricity security could be
greatly improved by ensuring the continnation of
the contract with Guangdong Daya Bay Nuclear
Power Station, which expires in 2013. Although
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Hong Kong, Cliuna is almost entirely dependent on
imported energy, the fact that mnch of this energy
15 mmported from mainland China, with which it
has close political and economic ties, should help
to reduce security of supply risks.

In terms of reducing GHG emussions, the shift
away from coal to gas for electricity generation will
make a significant difference. However, the
mcreasing energy demand, especially for electricity,
will pose a challenge for reducing actual emissions
totals. The economy could help reduce its GHG
emissions by shifting to more imported electricity
from nuclear or renewable energy sources, or by
frther increasing its energy efficiency at home.
Government policies to increase velucle fuel
efficiency and implement district cooling schemes
should be continued, to further reduce overall
environmental impacts.
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CHINESE TAIPEI

o Chinese Taipei’s primary energy supply is projected to grow at an average annual rate of 1.6 percent over the eutlook period;

this is due mainty to growth in the industry and transport sectors.

o Chinese Taipei will change its energy mix to reduce its CO; enissions, by increasing imports of natural gas and develgping

renenable enelgy Sources.

o The Renewable Energy Development At bas been introdiced fo speed up the development of clean energy. The share of
renenable energy is expected fo rise from 1 percent of fotal efectricity generation in 2005 fo 7 percent in 2030.

e Government policy now inclides consideration of nuclear power as a non-carban energy option, with the aini of improving the

economy’s energy supply diversity.

ECONOMY

Chinese Taipei is located in the nuddle of a
chain of 1slands stretching from Japan in the north
to the Philippines i the south. Its position, just
160 kilometres off the south-eastern coast of
China, makes it a natural gateway to East Asia.

The economy is made up of the islands of
Taiwan, Penghmn, Kinmen, Matsu, and several
islets, with a total area of aboutr 36,188 square
kilometres. Only one quarter of the land is arable —
mn those areas the subtropical climate permits
multi-cropping of rice and the growing of fnut and
vegetables all year round.

Figure CTI: GDP and population
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The population of Chinese Taiper is expected
to increase at the slow average annual rate of 0.007
percent, from 22.65 mullion i 2005 to 22.69
million in 2030.

Chinese Taipet’s GDP is projected to grow at
an average annual rate of 3.1 percent over the
outlook period, reaching US$1,261 billion in 2030;
this compares to GDP average annual growth of
9 percent from 1990 to 2005.

The rapid economic development of the past
decade has resulted in substantial changes to the
economic structure of Chinese Taipel, with the
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emphasis moving from industrial production to the
services sector. In 2007, 71.1 percent of domestic
production was in the service sector, with industry
accounting for 27.5 percent and the agriculture
sector 1.5 percent. In 1990, services made up 54.6
percent and industry 41.2 percent of production.®
Chinese Taipei’s main mndustries are electronics,
petrochemicals, and metals and mechanical. Within
the manufacturing sector itself there has also been
struetural change, from energy-intensive mdustries
to mndustries that are non-energy intensive. The
non-energy-intensive industries also make up the
largest share of exports; information technology,
for instance, accounts for about 46 percent of the
economy’s total exports in 2007.27

37

Chinese Taipelr imports almost all its comde ol
for refining requirements. The economy’s total
refining capacity has reached 1.23 million barrels
per day, which exceeds the domestic demand. This
makes Chinese Taipei a net exporter of petrolenm
products; 1n 2007 these totalled about 16.7
Mtoe 238

In terms of overall energy use, industry
accounts for most of the economy’s energy
consumption (51.8 percent m 2007), followed by
transportation at 13.1 percent and residential use at
11.2 percent.? Energy use i the industry sector 1s
dominated by chemical and petrochemical
processing (35 percent in 2006), while won and
steel used 22 percent.

Chinese  Taper  has  developed a
comprehensive road transport system including
two freeways that run north to south across the
island of Tarwan. Transport sector energy
consumption totalled 15 Mtoe in 2006 — most of

26 BOE (20084), p 116.
257 IDB (2008), Statistics.
238 BOE (2008E).

2 BOE (20084), p 38
240 TEA (2008), p 195
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this was used within road transportation (about 12
Mrtoe or 80 percent), with international aviation
using 2.6 Mtoe (17 percent).**! Chinese Taipei has
been striving to reduce its automobile dependency
(in 2007 there were 5.7 million passenger cars in
the economy)?* and to encourage the nse of public
transport. These include a high-speed rail system,
which rns 345.18 kilometres from Taipei to
Kaoshung, and a 74.4 kilometre mass rapid transit
system around Taipei city. There are plans for
construction of further mass rapid transit systems
in urban centres incliding Taipei, Taichung and
Kaoshung, The policies encouraging a shift to
public transport have been successful in Taipel
city, with the daily rdership increasing at an
average anmual rate of 6.5 percent from 2000 to
2007; the Taipei Metro served, on average, 1.14
mullion passengers daily i 2007243

In the ‘other’” sector, which includes
residential, commercial, agricultire, and
construction energy use, residential energy

consumption in 2006 was 5.6 Mrtoe (33.6 percent)
and commercial 3.6 Mtoe (28.3 percent).2* As the
majority of the population 1s concentrated in major
cities, electricity is the main source of energy for
almost all homes; the electricity demand has grown
at an average annual rate of 3.9 percent from 1990
to 2007.2# Air conditioning in the summer season
1s a major souce of residential electricity demand.

ENERGY RESOURCES

Chinese Taipei has very limited domestic
energy resources. It relies on imports for most of
its energy requirements and i1s a net importer of
fossil energy — in 2007 1ts import dependency was
99.3 percent. Oil formed the biggest part of this
primary supply, at 51.1 percent (coming mainly
from Saudi Arabia, Kuwait and Iran), coal made up
32.1 percent (mainly from Australia, Indonesia and
China), while imported LNG occupied 8.1 percent
(coming mainly from Indonesia and Malaysia).
Indigenous resources provided very small
percentages of the economy’s primary supply:
natural gas 0.3 percent, hydro power 0.3 percent,
geothermal, solar and wind power 0.1 percent
combined. 246

At the time of writing this review, there were
three nuclear power plants in Chinese Taipei, each

24 TEA (2008), p 1195
BOE (20084), p 122
TRTC (2008), p 25.
TEA (2008), p T195
25 BOE (20084), p 83
BOE (20084), p 12
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with two units, creating a total installed capacity of
5144 MW. A fourth nuclear power plant (also with
two units) 1s currently under constriction; it is
scheduled to begin operation in 2010 and 2011,
adding 1350 MW of capacity per unit.#7

Taiwan’s total electricity generation in 2007
was 243 TWh. This 1s mainly dependent on fossil
fuels; their 78.2 percent share is made up of coal
(53.6 percent), LNG (184 percent), and oil (6.2
percent). Nuclear generation accounted for 16.7
percent of total electricity generation i 2007, and
renewable electricity 1.7 percent. 8

The government’s aim 1s to have a total
electricity supply which provides a reserve capacity
of 15-20 percent based on peak demand levels.
Because of environmental issues and complex
official approval processes, new power plants
being constructed by Tarwan Power Company
(TPC) tell behind schedule, which kept the total
electricity below reserve capacity between 1990
and 2004. Reserve capacity remained under 8
percent between 1990 and 1996. In order to
stabilize the power supply, TPC contracted with
independent power producers (IPP) through a
ronnd of bidding when the reserve capacity was
below 16 percent. Power produced by IPPs is sold
to TPC through TPC’s transnussion lines. The
reserve capacity has been more than 16 percent
since 2004. The Ministry of Economic Affairs has
annonnced it will open a fifth round of bidding to
IPPs if the reserve capacity falls below 16 percent
in the future 249

ENERGY POLICIES

Chinese Taipei’s Energy Commission, which
was established in 1979 under the Ministry of
Economic Affairs (MOEA), became the Burean of
Energy in 2004. The Bureau is responsible for
formulating and implementing the economy’s
energy policy. Recent policy development includes
the establishment of a suite of energyv-related
legislation, covering renewable energy
development, petrolenm administration, natural
gas business, and electricity. The aim is to create a
better energy business environment.

The fundamental goal of the Chinese Taipel
Energy Policy is to promote energy security,
supported by secure imports of oil, natural gas and
coal as well as the development of domestic energy

247 TPC (2008).
2 BOE (20084), p 81
24 BOE (2006)
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resources including nuclear, fossil fuels, and new
renewable energy sources.

On 5 June 2008, the Ministry of Economic
Affairs  released  the Fraowework of Taiwan's
Sustainable Energy Policy. This presents a “win-win-
win” solution for energy, the environment and the
economy. ¢ The framework addresses the
constraints that Chunese Taipel faces in terms of 1ts
msufficient  natural and  lmited
environmental carrying capacity. It states that
sustainable energy policies should support the
efficient use of the economy’s limited energy
resources, the development of clean energy, and
the security of energy supply. The framework
establishes these goals:

resources

e reductions in energy intensity from 2005 levels
— by 20 percent by 2015 and by 50 percent by
2025;

e Chinese Tapel’s new government changed the
economy’s nuclear policy m 2008 from a
“non-nuclear homeland policy” to  allow
reconsideration of nuclear power as a non-
carbon energy option;

e reductions in total CO; emissions, so that total
emussions return to the 2008 level between
2016 and 2020, and are further reduced to the
2000 level by 2025; at the same tume, the share
of low carbon energy in electricity generation
systems will be increased from the current 40
percent to 55 percent by 2025;

e secured and stable energy supply, achieved by
building a secure energy supply system to meet
economic development goals, namely 6
percent average annual GDP growth rate from
2008 to 2012, and SUS30,000 per capita
mcome by 2015.

In order to reach these goals, Chinese Taipei
has set these energy conservation targets and
strategies: 1) industry sector: raise boiler efficiency,
expand cogeneration, and increase share of high-
valne-added industries; 2) power sector: replace
coal-fired and gas-fired power plants with high-
efficiency generating units and reduce line losses
by improving power dispatch and transmission
facilities; 3) transportation sector: raise the fuel
efficiency standard for private vehicles by 25
percent (on 2005 levels) by 2025, and raise
appliance efficiency standards by 10 percent to 70
percent in 2011; 4) residential and commercial
sectors: completely eliminate incandescent lights
and replace with LED lighting by 2025 to mcrease

230 BOE (2008c)
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energy efficiency and reduce total

consumption.!

power

OUTLOOK
FINAL ENERGY DEMAND

Chinese Taipei’s total final energy demand is
projected to grow at an average annnal rate of 1.9
percent over the ontlook period, increasing from
63.4 Mtoe mn 2005 to 100.4 Mtoe by 2030. The
industrial sector will account for the largest share
of total 2030 demand (31 percent), followed by
non-energy (29 percent), transport (21 percent)
and the ‘other’ sector (19 percent). Demand for
electricity 1s projected to increase at an average
annual rate of 1.9 percent.

Figure CT2: Final energy demand
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Industry

Energy demand in the industry sector is
projected to grow at an average annmual rate of 1.6
percent, lower than the average annual growth of
5.5 percent between 1987 and 2007. This reduction
in demand growth 1s due to the structural shift in
the industry sector, from energy-tensive to non-
energy-intensive mdustries, as well as
improvements in energy efficiency. Currently the
dominance of petrochemical industry makes the
Chinese Taipei industrial sector highly energy
intensive. This energy intensity will reduce, as will
the rate of mcrease m the sector’s energy demand,
as the electronics and IT mdustries are expected to
grow more quickly than the petrochemical
industry.

The share of coal in the industrial energy mix
is expected to increase slowly at an average annual
rate of 2.1 percent; this compares to 3.5 percent
growth between 1987 and 2007. This is a result of
a slowdown in crude steel production. At the same

251 Thid.
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time the industiial use of natural gas is projected to
grow at an average annual rate of 2 percent during

the outlook period.
Transport

Chinese Taipel’s transport energy
consumption has grown in parallel with its
economic development, improvement in living
standards, and upgrades transportation
infrastmeture. All transport sub-sectors exhibited
substantial average annual growth of 5.2 percent
between 1987 and 2007. The transport energy
demand is projected to grow fiuther over the
outlook period, at an average annual rate of about
13  percent. Exports of high-vale-added
manufacturing products, and mncrease of direct air
travel between Chinese Taipel and mainland China,
1s expected to spur growth m the air transport
energy demand. To accommodate the predicted
rise 1 air wansport, Chinese Taipei is considering
the constiuction of a new airport close to the
centre of Taipei, and expansion of the freight
handling capacity at Kaohsiung airport.

in

Chinese Taipei’s population is expected to
peak sometime in 2020. Over the outlook period,
mass transit rail-systems are expected to gradually
replace buses and passenger vehicles for city travel,
just as the high-speed railways continue to replace
the passenger vehicles for inter-city travel. As a
result, gasoline demand is expected to grow only at
an average annual rate of 0.6 percent between 2005
and 2030. By contrast, the diesel demand for
freight tmucks is expected to grow at an annnal
average rate of 1.9 percent; this is due to the
growth 1 production of lugh-value-added
manufactured goods, and the expansion of
petrochemical industries, which favonr tiucks as
the main mode of transpott.

Other

Energy demand in the ‘other’ sector, which
mclndes residential, commercial, agricultural, and
construction demand, 1s prmarnly duven by
income growth and the improvement in living
standards. The energy demand of Chinese Taipei’s
‘other’ sector is expected to grow at an average
annual rate of 1.6 percent over the outlook period.
Electricity is expected to contime to dominate the
energy mix, accounting for 74.1 percent of ‘other’
sector energy consumption.

PRIMARY ENERGY SUPPLY

The share of new renewable energy (NRE)
sources (which include biomass, biofuels, wind,
solar, geothermal, and small hydro) m Chinese
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Talpel’s primary energy mix is projected to ncrease
significantly from 1.0 percent in 2005 to 2.9
percent mn 2030. To speed up the development of
‘clean energy, the  Renewable Energy
Development Act was enacted in June 2009. This
new legislation focuses on encouraging new
renewables-based generation that is connected to
the main grid, through fixed feed-in tanffs — tlus is
where TPC purchases power from renewable
power generators on  contracts  involving
preferential rates and grid-connecting obligations.
The overall aim is to secure the market for
electricity generated from renewable energy.

Figure C T3: Primary energy supply
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ELECTRICITY

By 2030, Clunese Taiper's total stalled
capacity is expected to reach 884 GW. The
majority of this will be thermal (76.5 percent); this
is made up of coal (48 percent of the total
generation), natural gas (25 percent) and ol
(2 percent). Other generation at the end of the
outlock period will be from nuclear (17 percent),
NRE (7 percent), and hydro (1 percent).

Chinese Taipei’s total electricity generation is
projected to increase from 223 TWh m 2005 to
359 TWh in 2030, growing at an average annual
rate of 1.9 percent. Efforts to reduce the
economy’s COs intensity of energy will mean the
share of coal will decrease from 54 percent in 2005
to 48 percent in 2030 — 1t 1s being replaced by
increased generation from natural gas and NRE
sources. The mnatural gas share will increase
significantly from 18 percent in 2005 to 25 percent
m 2030. Some oil-fired electricity generation will
also be replaced by natural gas, with oil’s share
projected to decrease from 8 percent in 2005 to 2
percent m 2030. Nuclear’s share is expected to
remain static thronghout the outlook period. The
share of electuicity generation supplied by hydro is
projected to be the smallest, decreasing from 2
percent in 2005 to 1 percent in 2030; this is due to
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perceived negative impacts on the environment. At
the same time, as a result of government policy to
promote the development of renewable energy
sonrces (mainly from wind power), the NRE share
will increase from 1 percent in 2005 to 7 percent in
2030.

Figure C T4: Electricity generation mix
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CO: EMISSIONS

Over the outlook period Chinese Taipei’s total
CO: emissions from fuel combustion are projected
to reach 338 million tonnes of CO», which is 32
percent higher than in 2005 and 302 percent higher
than the 1990 level.

The electricity generation sector is expected to
account for the largest share, at 55 percent of total
CO: emissions or 187 million tonnes of COs,
followed by the industry sector at 19 percent (64
million tonnes of CO:) and the transportation
sector at 15 percent (52 million tonnes of COz).

The decomposition analysis shown i the
following table indicates the wcreases m CO:
emission are mainly driven by GDP growth.
However, the significant reduction in  the
economy’s energy intensity 1s expected to offset
much of the increase resulting from economic
growth.

Figure C T5: CO; emissions by sector

M Electricity Generation M Refineries and Other Energy M industry M Transport B Others

400

Million Tonnes of CO2

1930

2000 2005 2015 2030

Source: APERC analysis (2009)

108

56

Table CT1: Analysis of reasons for change in CO;
emissions from fuel combustion

{Average Anrual Peroent Change

1530 2005- 2015- 2005-

2005 2015 2030 2030
Change in CO; Intensity of Energy 0.3% 05% 04% 0.4%
Change in Energy Intensity of GOP 3.2% 7% -16% 1T%
Change in GDP 8.9% 38% 3.0% 2.3%
Total Change. 5.7% 15% 09% 11%

Source: APERC analysis (2009)

CHALLENGES AND IMPLICATIONS

Chinese Taipei is expected to remain an energy
importer over the outlook period, due to its lack of
indigenous energy sources. The economy will
continue  to import almost all of its oil
requirements. To minimize the impact of any oil
supply distuptions, Chinese Taipei maintains an oil
stockpile of no less than 60 days’ supply.232 The
economy has also tred to diversify its energy
supply mix by switching from oil to natural gas,
coal and renewable energy. In additon, it has
started to secure international jomt venture
agreements to acqire captive supply sources.

Chinese Taiper’s new government changed the
economy’s nuclear policy in 2008 from a “non-
muclear homeland policy” to allow reconsideration
of nuclear power as a non-carbon energy option.
This projection shows that 1f nuclear energy’s share
of electricity generation remains static, and the
NRE share remains small, that Chinese Taipei’s
greenhouse gas (GHG) emissions will increase by
one third by 2030 compared with 2005 emussions.
Even though the share of renewables is expected
to increase from 1 percent in 2005 to 7 percent in
2030, electuicity production from fossil fuels will
still increase. It would be a rational response to add
further nuclear units on the existing nuclear power
generation sites; this could be mn addition to
improving the energy efficiency on both the supply
and demand sides of electricity provision.

To decouple energy consumption and GDP
growth, the service sector needs to be promoted
and expanded and the industry sector needs to
move to a less energy-intensive structure. For
example, promoting knowledge-based industries
such as the Green Silicon Tsland, high-value-added
and low-energy-intensive scientific industry parks,
could be one way to foster a less energy-intensive
economy.

With limited domestic energy resources, the
security of Chinese Taipei’s energy supply is
centr?ll to its energy policy gf)als of n}eetmg a
growing energy demand while reducing CO:
emissions. The economy will have to look to

252 BOE (2009), Article 24
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alternative energy sources, in particular replacing
coal with natural gas and renewable energy.
Clunese Taipei has already moved to promote
renewable energy with the 2009 mntroduction of
the Renewable Energy Development Act, which
uses fixed feed-in rtariffs and grid-connecting
obligations to enconrage NRE-based generation.

The establishment of international stockpiling
throngh regional cooperation could be an
mportant way of stabilizing domestic energy
supply, as could the acquisiion of equity 1n
mternational energy resource developments by the
national oil company.
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4 ELECTRICITY

HISTORICAL TREND

APEC’s electricity demand has grown robustly
between 1990 and 2005 at an average annual rate of
3.4 percent per year, from 5716.9 TWh in 1990 to
93852 TWh in 2005. Rapid growth was observed in
Viet Nam (14.3 percent), followed by China (9.9
percent), Malaysia (9.8 percent) and Indonesia (9.6
percent), as shown in Table 4.1.

In 1990, developed economies such as Australia,
Canada, Japan and the US accounted for 70 percent
of the APEC region’s total electricity consumption,
with the US alone consuming 47 percent. However,
in 2005, the total consumed by these
economies decreased to 58 percent; this was due
mainly to China’s increasing electricity demand as a
result of its rapid economic growth. China’s share has
mereased from § percent in 1990 to 21 percent in

2003, as calculated from Table 4.1,

share

OUTLOOK RESULTS
ELECTRICITY DEMAND

Electricity demand is expected to continue to
grow between 2005 and 2030, at a rate of 2.3 percent
per year. By region, North America, especially the
US, is projected to contribute most significantly to
demand for electricity. Electricity demand in the US
is projected to reach 5,023 TWh in 2030 or about
30.5 percent of APEC’s total electricity demand in
2030. However, China’s expected high economic
growth will mean its electricity demand will surpass
all other APEC economies’ by the end of the outlook
period. In 2030 it is expected to reach 5,197 TWh or
31.6 percent of APEC’s total electricity demand in
2030, as shown in Table 4.1.

Table 4.2 shows the share of electricity in
projected total final energy demand (TFED) for each
APEC member economy. Electricity share in TFED
is expected to increase for all economies during the
outlook period, with the exception of Brunei
Darussalam. This economy’s share of electricity in its
TFED is projected to decrease steadily over the
outlock period, from 32 percent in 2005 to 20
percent in 2030. This anomalous result for Brunei
Darussalam’s electricity demand is mainly due to the
fact that the economy has extensive gas resources,
and domestic gas use is being encouraged, and is
expected to meet most of the growth in energy
demand.

58

Table 4.1: APEC’s electricity demand (TWh)

1990-2005 2005-2030

Economy 1990 2005 2030 (%) (%)
Amnstralia 1202 206.5 3107 3.2% 1.6%
Brnei Damssalam 10 3l 42 1.2%
Canada 418.1 3122 688.9 . 1.2%
Chile 154 48.1 1216 7.9% 3.8%
China 4818 19949 51968 0.9%% 3.9%
Hong Kong, China 238 40.1 69.0 3.5% 2.2%
Indonesia 271 107.1 2758 9.6% 3.9%
Japan 7497 976.7 12021 1.8% 0.8%
Korea 94.4 337.7 5753 9.3% 1.9%
Malaysia 19.9 80, 2451 9.8% 4.5%
Mexico 100.2 154.2 4255 4.1% 3.4%
New Zealand 278 38, 36.3 2.1% 1.6%
Papua New Guinea 1.7 2. 7.5 3.6% 4.0%
Pem 118 22 392 4.5% 3.9%
Philippines 209 45.3 136.5 5.3%

BRnssia 8268 630.1 10009 -1.6%

Singapore 12.6 324 91.4 6.3%

Chinese Taipei 76.0 199.0 3191 6.6%

Thailand 384 121.3 401.1 8.0%

United States 26340 53716.3 30230 2.3%

Viet Nam 6.2 46.1 2321 14.3%

APEC 5716.9 93852 164421 3.4%

Source: APERC analysis (2009)

Table 4.2: APEC electricity as percentage of TFED

Economy 1990 2005 2030

Aunstralia 19 23 24
Brunei Darmssalam 20 32 20
Canada 22 22 23
Chile 12 19 20
China [ 15 22
Hong Kong, China 29 29 39
Indonesia 3 7 1o
Japan 21 24 30
Korea 12 21 23
Malavsia 12 17 23
Mezxico 10 15 22
New Zealand 25 25 25
Papua New Guinea 23 24 32
Pem 12 17 26
Philippines 12 15 26
Russia 11 13 16
Singapore 16 18 29
Chinese Taipel 21 27 27
Thailand 11 15 24
United States 17 20 23
Viet Nam 2 9 19
APEC 14 18 23

Source: APERC analysis (2009)
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ELECTRICITY SUPPLY

Electricity supply across the APEC region is
expected to grow at an average annual rate of 2.2
percent between 2005 and 2030. Figure 4.1 shows the
historical and future APEC electuicity generation mix
in percentage terms. (See Chapter 2 for a discussion
of projected electricity supply in absohite quantities.)

Figure 4.1: APEC electricity generation mix (1990-2030)

BMCoal WOl MNaturalGas SHydro @ Nuclear BENRE

2% 2% 2% 3% 5%

1990
Source: APERC analysis (2009)

2000 2005 2015 2030

Electricity generating capacity

To meet the projected increase in total electricity
supply, total generating capacity in the APEC region
is projected to roughly double over the outlock
period, from 2,286 GW in 2005 to 4361 GW in
2030. As new generating capacity is added, the supply
mix is expected to change, driven by a number of
factors, including fuel costs, local environmental
regulations, capital availability, acceptability of
nuclear generation, and concerns about the price risks
for LNG. Figure 4.2 shows the projected electricity

generating capacity by energy type.

Figure 4.2: APEC projected electricity generating capacity

Ower the outlook period, oil and LNG prices are
expected to continue to increase while the price for
coal is expected to remain stable and relatively low, as
it is an energy resource with abundant deposits
worldwide. For these reasons, coal is likely to remain
the dominant energy source for electricity generation
in the APEC region. Coal, however, generates more
greenhouse gases than any other fossil fuel. Even
under business-as-usual assumptions, concemns about
climate change may limit the growth of coal-fired
generating capacity.

Coal-fired generating capacity is expected to
grow at an average annual rate of 2.3 percent, while
the share of generating capacity that is coal fired will
decrease slighty, from 38 percent in 2003 to 35
percent in 2030. The decrease in share is mainly due
to the more rapid increases expected for renewable
and nuclear generation capacity.

Natural-gas-fired combined-cycle gas turbines
(CCGT) are very efficient at converting gas to
electricity, have little local environmental impact, can
be built quickly, have fairly low initial capital cost,
and have less greenhouse gas emissions than coal
Despite these significant advantages, limitations on
local gas supplies and the risks of volatile prices for
imported ING are expected to prevent dramatic
increases in the penetration of natural gas in many
APEC economies.

Natural-gas-fired generating capacity is expected
to grow at an average annual rate of 2.3 percent, and
the share of generating capacity that is namiral gas
fired will decrease slightly, from 28 percent in 2005 to
25 percent in 2030. Again, this decrease in share is
mainly due to the more rapid increases expected for
renewable and nuclear generation capacity.
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Oil-fired electricity generation is expected to
maintain a strong presence only in areas where no
other fuels are readily available — this is due primarily
to high costs and security of supply risks. Oil-fired
generating capacity is expected to grow at an average
annual rate of 1.4 percenr, and the share of
generating capacity that is oil fired will decrease from
7 percent in 2005 to 6 percent in 2030,

The development of new nuclear electricity
generating capacity is projected to gain momentum;
again this is due to price risks associated with oil and
LNG and concerns about greenhouse gas emissions.
Asian APEC member economies, in particular, are
expected to start revitalizing their nuclear
programmes to meet mnsing electricity demand.
Nuclear generating capacity is expected to grow at an
average annual rate of 3.1 percent, and the nuclear
share of generating capacity will increase from 9

percent in 2005 to 10 percent in 2030,

Although hydro is an attractive option, as it has
no fuel costs and low greenhouse gas emissions (see
Chapter 5), its further development will be hindered
in many economies by a lack of suirable sites. Hydro
generating capacity is expected to grow at an average
annual rate of 2.6 percent, and the hydro share of

generating capacity will remain constant at 16 percent
between 2005 and 2030.

A number of initiatives are expected to be taken
by APEC member economies to promote the
development of new renewable energy sources
(NRE) — that is renewable energy other than hydro —
even under our business-as-usual assumptions.
Therefore, the installed capacity of NRE is projected
to increase at the fastest rate of any generation energy
source, 84 percent per year. However, the NRE
share of generating capacity will increase from 2
percent in 2005 to only 8 percent in 2030,

In order to reduce greenhouse gas emissions and
control costs, APEC economies are expected to
focus on reducing transmission and distribution loss,
as well as increasing the efficiency of electricity
generation from fossil fuels. Our business-as-usual
projections indicate that average coal generation
efficiency will increase from 34 percent in 2005 to 36
percent in 2030 and average gas generation efficiency
will increase from 43 percent to 46 percent. Similarly,
we expect that transmission and distribution losses
will be reduced from 6.7 percent in 2005 to 3.4
percent in 2030.

Figure 4.3: Generating capacity by energy source, larger APEC economies
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Figure 4.4: Generating capacity by energy source, smaller APEC economies
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Figure 4.5: Generation capacity growth rates
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Generating capacity by economy

In 2005, the largest installed generation
capacity was in the US, Its total capacity, of over
1,047 GW, was dominated by gas (42 percent) and
coal (32 percent). China’s 2005 installed capacity
was the second highest, at 524 GW, of which coal
was 73 percent and hydro was 22 percent
However, in 2030, China’s installed capacity is
cxpected to exceed that of the US, reaching 1.460
GW compared to the US’s 1,370 GW. After these
two economies, Japan and Russia will have the
next largest installed capacities, in both 2005 and
2030.

Figures 4.3 and 4.4 (on previous pages) show
the installed generation capacities by energy source
and economy. Note the two graphs have different
scales on the vertical axes.

It is notable that China, recognizing the

importance of securing energy for its economy and

the imperative of mitigating climate change, is
expected to increase its utlization of renewable
energy, natiral gas, and nuclear.

Figure 4.5 (on previous page) shows the
growth rates for generating capacity across all
APEC economies.

Electricity generation mix and growth rate

Figures 4.6 and 4.7 (following) show the
electricity supply by energy type by economy.
Again, note that the vertical axes of the two graphs
have different scales. The results are very much in
line with the graphs of generating capacity by
economy presented in Figures 4.3 and 4.4 above.

Figure 4.8 (following) shows the electricity
supply growth rates for the APEC economies.
Again, the results are in line with the graph of
generating capacity in Figure 4.5 above,

Figure 4.6: Electricity supply by energy type, larger APEC economies
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Figure 4.7: Electricity supply by energy type, smaller APEC economies
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Figure 4.8: Electricity generation growth rates of APEC economies between 2005-2015 and 2005-2030
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ACCESS TO ELECTRICITY 1. High-efficiency  natural  gas  electricity
generation, such  as  combined-cycle  gas
The APEC cconomies are striving to provide turbines (CCGT), the efficiency of which can
access to electricity for all their people, and they be increased abave 30 percent.§?
have made impressive progress toward achievin . . .
. o b Progress. Ving 2. High-efficiency coal-fired electricity
this  ecritical development milestone. China's . : o :
. . . . generation, such as ulta supercritical coal
achievement in providing 99 percent of their e . .

. . T . (USC) power plants, which use increased
popullanonl with access o flecmcm) b; 2006_15 boiler temperature to increase its efficiency
especially impressive. Only five APEC economies above 40 percent 8 Another coal ceneration
still had access rates less than 98 percent in 2005: techno]ogvp o ’ cc:nsider is gi‘megrared
Viet Nam (84 percent), the Philippines (81 : It . L85 s

5 _ s gasification combined cycle (IGCC),® which
percent), Pemn (72 percent), Indonesia (34 - Co -

- E o T - turns coal into a synthetic gas for cleaner
percent) 5 and Papua New Guinea (estimated at | . _ o _y

) ) burning, resulting in increased efficiency and
percent) ¥ . These economies are moving o :

. R = reduced greenhouse gas emissions. 1GCC
aggressively to provide increased access, and we technology has the additional advantage of
expect nearly universal access by 2030. ﬂ]lD“‘iIlg\_'thE casy captuze of COp, thus

facilitating carbon capture and storage (CCS).
ELECTRICITY TECHNOLOGY CCS would allow the burning of ceal with
DEVELOPMENT minimal CO; emissions.
) i . 3. Smart grids: using modem information
There are two main goals for future electricity technology, it should be possible to re-
technology development: to reduce greenhouse gas engineer the electric power grid for greater
emussions, and _to increase  generation, reliability, higher efficiency, and reduced
transmission, and distribution efficiency. In order emissions. Such a smart grid might be able to
tci‘aFlne\'e th?se two goa_ls,la number Of‘ highly save consumers money by signalling certain
efficient and/or low emussion technologies are consumer devices. such as electric vehicle
commercially available or in development. Some of battery chargers, when to turn on and off.
. . . . 3 "
these are discussed elsewhere in this volume, With more control over electricity demand, the
mc]uchflg solar photovoltaics (sce .bo:; Why the smart grid would also be better able to utilize
potentlall of . slolar photovoltaics  may  be intermittent renewables, such as wind. The
underestimated” in Chapter 1 and the Chapter 3 smart grid would be able to more quickly
section on renewable energy), hydro, wind, sense, and respond to, developing problems',
geothermal, biomass (all in the Chapter 5 section thus reducing the risk of outage‘_s And the
on renewable energy), and muclear (Chapter 5 smart grid would be in a better position to
1 ) . . ~ ) .
section on nuclear). optimize the use of electricity generation and
In addition, the following technologies should storage facilities at any given time for lowest
be mentioned: cost and highest reliability.®
& NEDO (2006), p 42
¥ Greenfacts (2008), p 1.
% IEA (2006), pp 565-572. ® NEDO (2006), p 42.
o0

¥ YWorld Bank (2007).
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The APEC region encompasses a diverse set of economies in terms of energy demand and supply patterns (some
economies are operating near capacity, while others have surplus capacity), demand growth potential, and natural
resource endowment. These differences provide an opportunity for greater electricity trade that can result in benefits
such as reduced costs of electricity supply and improved electricity availability. A detailed discussion of the benefits of
electricity interconnection in APEC can be found in APERC (2000) and APERC (2004).

There are a number of ways in which electricity can be traded; the arrangements are generally determined by the
volume of trade and the level of integration required between trading partners. Trading arrangements can range from
simple two-way bilateral trades to complex trades involving multiple parties and economies.”!

The simplest arrangement is cross-border electricity exchanges between neighbouring economies. This is often used
to take advantage of conveniently timed surpluses/deficits in electricity supply. Sometimes trade occurs via a transit
economy that may or may not be involved in the transaction. These agreements can expand beyond small trades as
the relationships between utilities and governments de\relop.92 A number of APEC economies are engaged in bilateral
electricity trade with both APEC and non-APEC member economies. These include links between the United States —
Mexico, United States — Canada, Thailand — Laos, Thailand — Malaysia, Malaysia — Singapore, China — Thailand,
China — Viet Nam, China — Hong Kong, China, and Russia (in this last case a number of neighbouring economies).

The relative simplicity of these arrangements and the benefits that can accrue to participating parties will encourage
increased cross-baorder electricity exchange in the APEC region over the outlook period There are a number of plans
either under construction or being considered that are scheduled to be completed during the outlook period. For
example, there have been many studies conducted to assess the viability of increased electricity interconnection in
northeast Asia (Japan, China, Korea and Russia).™

System harmonization between economies is a more advanced trading arrangement. It involves the establishment of a
common operating environment through the synchronization of member electricity systems and harmonization of
financial, legal, political, social and environmental frameworks. This creates a single market with common procedures
and standards for arranging electricity sales, day-to-day operations, dispute settlement, maintenance, system
expansion, and governance A feature of this arrangement is that the independent systems are managed by a single
market operator and governed by a common body. This trading

arrangement can bring greater benefits than cross-border exchange, but ~ Table 4.3: ASEAN power grid projects
requires a coordinated approach by participating economies, which can

take years to achieve.® Connection c:):::::n
To achieve system harmonization within a set of economies as Under construction

economically, culturally and socially diverse as APEC would be Thailand - Lao PDR

extremely challenging. However, there are plans to harmonize the EZ'DET';T_“J:;::PZ jgﬁ
electricity grid by APEC members of ASEAN (Brunei Darussalam, Lao PDR - Viet Nam i 2010
Singapore, Malaysia, Philippines, Indonesia, Thailand and Viet Nam). L30 POR - Cambodia 2011
The ASEAN Power Grid energy plan 2010-2015 aims to encourage Projects at a less advanced stage
“interconnections of 15 identified projects, first on cross-border bilateral Sarawak - Peninsular Malaysia 2015
terms, then gradually expand to sub-regional basis and, finally to a Peninsular Malaysia - Sumatra 2012
totally integrated Southeast Asian power grid system” ** There are four Batam - Bintam - Singapore 2015
projects in operation, three projects that are under construction, and an sarawak - West Kalimantan 2012
additional eight projects scheduled to start within the first half of the ~ ['"° "% S5 o
outlook period.*® The ASEAN power grid has been endorsed by the T;:‘\: d'_h:v:”—narrune' 201:

governments of the participating economies and proposals for the grid East Kalimanton - Sabah na
have been extensively analyzed It is unlikely that full integration will be
achieved during the outlook period

Source: ASEAN (2009)

51 World Bank (2008) p 52-35.
%2 Ibid, p 53.

53 APERC (2004), p 9.

% World Bank (2009), p 70,

% ASEAN (2009), p 12.

% Tbid, p 14.
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Power SecTtor ExransioN MAkEs WAy For
UPGRADES

To cope with the rapid growth of electricity demand that has caused frequent power
shortages since 2003, China's electricity sector has focused on expanding its generation
capacity. It has succeeded in this at an unprecedented speed. As power shortages have
diminished, the electricity sector has made efficiency and environment improvement its top
priority. At present, the policy to improve the efficiency of the power generating sector has
put the industry on the right track, and efforts are also under way to improve efficiency in the
transmission and delivery sector.

Upon the unbundling of generation, grid operations, and services at the end of 2002,
China’s electricity sector took on the reform of the supply structure. In addition, achieving 100
percent electrification before the Beijing Olympic Games was considered a more important
national goal than rationalising the demand structure through such measures as demand
side management {DSM). Thus, this chapter describes the supply side, where electric power
sector policies have focused. There is also great energy conservation potential on the demand
side. This is not addressed in this chapter, but the other chapters of this report discuss many
demand-side measures.

This chapter first reviews the development and structure of China's electric power sector,
which provides fundamental information for considering efficiency policy in the electricity
industry. Second, it introduces the key energy efficiency and conservation policies in the sector,
including the shutting down of small thermal power plants, improving transmission and
delivery systems, and developing combined heat and power (CHF) plants. Finally, it discusses
the implementation of these key power sector policies and some preliminary results. A case
study at the end of the chapter describes the results obtained by one large CHFP project in
Beijing,.

Background

During the past two decades, China, of all the APEC economies, recorded the largest
increase in primary energy consumption in the electric power sector. The increase amounted
to 612 million tonnes oil equivalent (Mtoe) per annum. More than 90 percent of the increase
was met by coal-fired power generation, and the remainder was met by hydro, nuclear and
oil-fired generation.! China also made the greatest improvement in energy efficiency at coal-
fired power plants among the APEC economies by shutting down smaller units. In recent
years, China has accelerated the replacement of small units with high-efficiency ones, such as
supercritical and ultra-supercritical thermal power plants. As a result, the energy efficiency
of power generation in terms of the amount of coal that is used to generate one kilowatt hour
of electricity has been reduced from over 400 grams down to about 330 grams, a 17 percent
decrease since the early 1980s?

L (NBS 2008a)
2 (NBS 2008a)
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Institutional Structure

In 2002, as part of a large reform effort,” the State Power Corporation of China was
unbundled into power generation companies, power grid companies, and engineering and
service companies, as shown in Figure 6.

On the government side, the National Development and Reform Commission (NDRC) is
responsible mainly for the industry’s development plan, and the State Electricity Regulatory
Commission (SERC) is responsible for business operations, including electricity tariff setting.
At present, there are bwo major power grid companies—the State Grid and the China Southern
Power Grid, while the generating sector comprises five national-level power generating
companies and many other regional companies and IPPs.

State Electricity Regulatory Commission of
One Regulator China (SERC)
. Huzbei Power Crid Company
Two Grid | State Crid ’: Dongbei
Enterprlses Corporation of China Huzdong
fSG) I: Huazhong
Xibei
China Southern -
Poewr Grid Co Ltd. —|_ Nanfang Power Grid Company J

Five National | [ 1 Huaneng Group |
Generation Groups | —— Datang Group |
—{ Huadian Group |

—{ Guodian Group |

—{ China Power Investment Corporation (CPI) |

China Power Engineering Consultation Group

Four Assistant - — -
Grou ps China Hydropower Engineering Consultation Group

China Hydropower Construction Group
China Gezhouba Group

Figure 6: Structure of the electricity sector
Source: Compiled from (CPLA 2006)

Figure 7 illustrates the system for the flow of electricity. The five major generating
companies and those owned by local governments supply 90 percent of all electricity, while
private and foreign IPPs supply the rest. Two main grid companies are responsible for
managing the transmission and delivery of electricity to end users through grid companies at
the provincial and county levels.* The State Grid Corporation of China owns five regional grid
companies including Huabei (covering Beijing, Tianjin, Hebei, Shanxi, and Shandong) with

* This reform of the Chinese government system aimed to modernise and rationalise the industrial system
by introducing market mechanism and competition into the state-owned companies. The former State
Development Planning Commission (SDPC) became the National Development and Reform Commission,
which maintains responsibility for industry development policy. The former State Economic and Trade
Commission (SETC), which was responsible for management of state-owned companies, was divided by
sector and restructured into various units. The State Electricity Regulatory Commission was created as a
unit of the State Council to be responsible for implementation of electricity policy.

¢ Some of these companies serve multiple counties, but not an entire province. In such cases, they may be
referred to as prefectural distribution companies.
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installed power generation capacity of 129.2 GW, Dongbei (East Mongolia, Liaoning, Jilin, and
Heilongjang) with 55.8 GW, Huadong (Shanghai, Jiangsu, Zhejiang, Anhui, and Fujian) with
164.6 GW, Huazhong (Jiangxi, Henan, Hubei, Hunan, Chongging, and Sichuan) with 154.3
GW and Xibei (Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang) with 47.1 GW. Another grid
company, China Southern Power Grid Co., Ltd., owns Nanfang Grid Company (Guangdong,
Guangxi, Hainan, Guizhou, and Yunnan) with 128 GW.*

GENERATION
Central Govemment Ownad
Five major generators and Local Govemment Owned Private & Foreign IPPs
nuciear power genarators (40%) (10%)
)
p y
‘—_J-—-__ l
State Grid ¢ ) State Grid
Five regional grid companies C ) Five regional grid companies
ross-region
-é:_‘:-— ﬁ} Power interchange "\—I}" ﬁ}
TRANSMISSION Provincial Power Companies Provincial Power Companies
— N Ry
Prefectural Distribution Prefectural Distribution
Companies Companies
County County
DISTRIBUTION Distribution Distribution
Companies Companies
| Users | | Users

Figure 7: Flow of electricity
Source: Compiled from (CPIA 2006) and(Ni 2006)

Power Sector Development and Structure

During the past two decades, China’s installed power generation capacity and amount of
generation have grown rapidly (Figure 8). During this period, the annual increase in electricity
generation has fluctuated widely from 3 percent in 1998 to 16 percent in 2003. Annual capacity
additions have shown similar volatility, ranging from 5 percent in 2002 to 21 percent in 2006.
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Figure 8: Power generation in China, 1957-2007
Source: (CEPYEC 2008)

5 (CEPYEC 2008)
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The growth rate of electricity generation slid from over 11 percent in 1993 to 3 percent in
1998 as the economic setback accompanying the Asian currency crisis caused serious demand
stagnation and substantial excess capacity. The growth rate then picked up to 16 percent
in 2003. During the period of stagnation, various policies were implemented to stimulate
electricity demand, which pushed the economy toward the serious power shortage that
occurred in 2003. Then, to accommodate rapidly rising demand, power generation capacity
expanded at double-digit rates until 2007.

Fuel Type of Installed Capacity and Generation

During the 1990s, when energy prices were relatively low, coal-fired and hydro power
stations were the dominant power sources in China, as shown in Figure 9. Other electricity
sources such as nuclear and renewable energy remained at merely symbolic levels to
demonstrate the industry’s modernisation. As China’s power generation capacity recorded
robust increases in the past decade, most of the increase was delivered by coal-fired units,
though hydro power continued to claim part of the increase, particularly as the Three Georges
Dam Hydro project began operation in 2003.

MW
800 Installed Capacity Capacity Incraase
700 2007 1995 to 2007
600 ow % aw %
Themal 556 77 393 78
Hydra 148 21 a6 19
Muclear ] 1 7 1
Others 5 1 5 1
Total 718 100 507 100

1995 1999 2003 2007

W Thermal Hydro M Nuclear B Otherslwind,/solar/other)

Figure 9: Installed capacity by energy source: 1995-2007
Source: (IEA 2008), (CEPYEC 2008)

In 1993, China’s first nuclear power plant began operation with a capacity of 1200 MW.
However, nuclear development was relatively slow until recently. Total nuclear power
capacity reached 8,850 MW in 2007.° After being hit by the serious power shortage in 2003 and
2004, China changed its nuclear power policy to fully develop this secure, non-fossil energy
source. Now China is building several other nuclear power plants and considering many
more,

In summary, in the past two decades, thermal power maintained its dominant share in the
generation capacity mix at around 75 percent, followed by hydro at 21 to 25 percent, while
nuclear power remained at about 1 percent. In 2007, renewable energy (other than large hydro)
accounted for almost 1 percent, reflecting the efforts of the Chinese government to develop
non-fossil energy. As shown in Figure 10, thermal power is dominant in the power source mix
of all six regions, though the regional availability of hydro power causes some diversity in the
power mix.

§ (CEPYEC 2008)
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Figure 10: Power generation in six grid areas (2007)
Source: (CEPYEC 2008}

Energy Efficiency in the Electricity Sector

In considering energy efficiency in the electric power industry, the heat rate of power
generation and transmission line losses are major factors.” They have steadily improved, as
illustrated by Figure 11, though line losses have fluctuated in recent years. This irregular
movement may have been caused by the flustered responses of the power grids to cope with
the serious power shortages that began in 2003, as well as bulk construction of large thermal
stations and the start-up of remote power sources like the Three Georges Dam Hydro power
station and mine-mouth coal-fired plants.

g/kwh

500 11.0%

10.5%

450 10.0%

9.5%

400 [N —— 9.0%

— h\__f'_ bt — e 8.5%

350 44— O 1 8.0%

) . ~ 75%

300 2 0.0 oo 2 7.0%
<

Q. o—ot 6.5%

250 et 0%,

1985 1988 1991 1994 1997 2000 2003 2006
= =FuelConsumption ¢ Lineloss

Figure 11: Unit fuel consumption and line loss
Source: (CEPYEC 2008) and (NBS 2008a)

Coal consumption for thermal power generation has substantially increased in recent
years. The power sector consumed 272 million tonnes of coal and accounted for 25.8 percent
of total coal demand in China in 1990. The amount increased to 1,305 million tonnes and 50.5
percent in 2007, as shown in Figure 12. Thus, energy efficiency at coal-fired power stations is
the largest issue on the supply side of the power industry in China.

7 Heat rate is also sometimes referred to as “unit fuel consumption”
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Figure 12: Coal for power generation
Source: (INBS 2008a)

Policies to Improve Efficiency

As the most important policy to improve energy efficiency in the electric power sector
under the 11th Five-Year Plan (2006-2010), China is replacing obsolete, low-efficiency facilities
with advanced ones in the power generation, transmission, and distribution sectors. This
program also specifies increasing the grid network and connectivity among the six major grid
areas.

In the 11th Five-Year Plan, thermal power generation efficiency was set to be reduced from
370 g/kWh in 2005 to 355 g/kWh in 2010. To accomplish this, the government is encouraging
the construction of large ultra-supercritical coal-fired units above 600 MW that will achieve
energy efficiency as high as 44 percent. Replacing smaller, less efficient units with these
modern ones can reduce greenhouse gas emissions per unit of electricity output by more than
one-third.

China designated the following power sector development policy components, aiming for
a more secure, efficient, and resource-conserving power supply:

- Develop advanced power generation facilities, such as large-capacity mine-mouth
power plants, waste coal utilization power plants, large hydro power facilities, large-
capacity gas combined-cycle plants, gas turbine peak shaving plants, water-saving
power generation plants and nuclear power plants.

- Develop power generation technologies with larger capacities and higher efficiency,
such as supercritical and ultra-supercritical thermal units with a minimum capacity of
600 MW"

- Restrict construction of conventional medium-sized and small units with a capacity of
300 MW or less that are situated in high-voltage power grids.

* Develop large-capacity, long-distance power transmission technology and upgrade grid
operation technology.

- Develop combined heat and power (CHP) supplies for medium-sized and large cities in
the northern heating zones.”

Energy efficiency is expected to be enhanced through improvement and optimization of

¥ (Zheng and Xu 2006)
* (NDRC 2006h)
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facilities and their operation. By these policies, the modernization of China’s electric power
sector is being accelerated; though the sector still has a huge amount of aging, inefficient
facilities. The above policy will be further refined in the next five-year plan following a review
of implementation progress.

Implementation

The NDRC formulates China’s general energy efficiency policy and it also reviews and
approves the facility construction plans of the power industry. The SERC reviews and controls
the electricity market, electricity tariffs, and the operation of electricity companies. As most of
the grid companies and the generating companies belong to the central or local governments,
the government is also in a position to direct their management. For example, the government
can advise on facility construction plans and monitor how these power companies pursue the
national policy. They can also ask grid operators to give dispatch priority to high-efficiency
generators to improve the system’s average generation efficiency.

The NDRC and SERC thus provide two channels by which the central government policy
for improving energy efficiency can be communicated to on-site operators. However, a large
share of the government-owned generation capacity is actually administered by the provinces,
so the cooperation of these facilities requires coordination of the central and provincial
governments.

Phasing Out Small Power Stations

Smaller power plants built under the past rural development programs are a major cause
of low efficiency in China’s power generating sector. Despite efforts to replace them with
larger, more-modern plants, there were 4,804 units with a generating capacity of less than 100
MW at the end of 2006. Their share of total generating capacity was 18.8 percent. The industry
association estimated that the installed capacity of small plants (under 135 MW), with high
fuel consumption rates amounted to 150 GW." On the other hand, large units of over 600 MW
accounted for only 2.1 percent in terms of number of units and 18.4 percent in generating
capacity, as shown in Table 13. The Chinese government has started the ambitious program to
phase out the smaller units with firm resolve, though this may cause local administrations to
lose businesses and jobs.

Table 13: Thermal power generating units, by capacity (end of 2006)

Capacity of Generating Units Number of Units Generating Capacity
MW Units % CW %
=600 132 21 82 18.4
300-600 508 8.1 162 36.3
200-300 241 3.9 50 11.1
100-200 558 8.9 69 15.5
100= 4,804 77.0 84 18.8
Total 6,243 100.0 447 100.0

Source: (CEPYEC 2007)

As a part of its policy to accelerate the closing of smaller thermal power plants, the central
government ordered grid companies to reduce electricity prices for the power from small
thermal generators. According to the Circular of the State Council, this ruling applies to
conventional thermal power generators with a unit capacity of less than 50,000 kW, those with
a unit capacity of under 100,000 kW that have been operating more than 20 years, and those
with a unit capacity of less than 200,000 kW that are operating beyond their designed service

1 (CPIA 2008)
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life and have an electricity price higher than the benchmark grid price for local coal-fired
thermal units.!

Consistent with the Regulations on Electric Power Supervision, the NDRC and SERC share
responsibility for supervising electricity prices. They are authorized to impose fines up to
CNY1 million on generation and grid companies that violate state regulations.” In addition
to the above directive, the energy efficiency improvement of each generation company
is monitored by the government authorities. Because energy efficiency has become more
important in national plans, this metric may be a factor in annual performance evaluations.
Therefore, power companies are reluctant even to operate low-efficiency plants.

The displacement of the many small, inefficient plants in China will take more time to
complete, but the program is being implemented ahead of schedule. Figure 13 shows the
capacity of small thermal power units that were closed in the six grid areas during the first nine
months of 2007. All together, small thermal power plants with capacity totaling 23.4 GW were
closed in 2007, greatly exceeding the national goal of 10 GW. This has substantially contributed
to the improvement of energy efficiency.”

40
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15 Percent of Total

10 Capacity (2007)

0.5
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Small Thermal
Capacity Closed (GW)

Huabei  Dongbei Huadong Huazhong Xibei  Manfang

Figure 13: Small thermal power plants closed in six regional grids (Jan-Oct 2007)
Source: (CEPYEC 2008)

In 2007, the average thermal power station fuel consumption decreased from 356 g/kWh to
345 g/kWh in standard coal equivalent. The internal use at thermal power plants was reduced
from 6.76 percent to 6.62 percent of generation, total carbon dioxide emission was reduced by
at least 10 percent and transmission losses were reduced from 7.04 percent to 6.97 percent.™
In total, closing small thermal plants is estimated to have saved 10.92 million tonnes of coal,
and to have reduced 50; and CO; emissions by 0.6 million tonnes and 21 million tonnes,
respectively.'”

Improvement of Power Transmission and Delivery Efficiency

One of the biggest burdens for China’s electricity sector is the uneven distribution of
primary energy resources and electricity market centers. To cope with this, China has been
implementing a west-to-east power transmission plan. Long-distance power transmission
capability is being expanded through three major trunk lines (north, central, and south) that

L (NDRC 2007a)

12 (State Council 2005b)
3 (CP1A 2008)

W (CPIA 2008)

15 (CPIA 2008)
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connect the power sources in the West to the demand centers in the East. The current total
transmission capacity via the three routes is 47.5 GW.*

At present, these trunk lines are mostly built with a maximum capacity of 500kV for DC
and AC transmission, while a 1,438-km 800kV transmission line connecting Yunnan and
Guangdong and a 654-km 1,000kV transmission line connecting Shanxi, Henan and Hubei
are under construction. The west-to-east power transmission policy also aims to develop the
economies of the central and western regions."”

One critical component of the energy efficiency policy in the electricity sector is to increase
transmission capacity, reduce transmission loss, and raise supply reliability in order to
accommodate the increasing demand. Present efforts are expected to significantly increase
transmission efficiency and reduce transmission losses to 7 percent by 2010." In addition,
continued efforts need to be made in areas to optimise grid operating modes and transformer
tap configuration, and also to strengthen passive power compensation and its regulation
capability. Because the scaling-up of power plants and introduction of unstable renewable
energies are being accelerated, grid management with wider coverage may also be required to
enhance energy efficiency improvement in the transmission and delivery sector.

Combined Heat and Power (CHP)

Construction of CHP plants is an important measure to address air pollution in urban
areas, as well as to improve energy efficiency. The Rules on the Development of Heat and
Power Generation, issued in 1998, call on the local authorities and departments to support the
development of CHP plants. Specifically, local authorities are required to create a local heat
and power cogeneration plan. The planning commission is assigned responsibility to review
and approve the plans. Large projects (greater than 25 MW) are to be approved by the NDRC,
where smaller projects may be authorized by the local planning commission."” To promote
CHP, the State Council has set out clear rules governing its construction and connection to
the electricity grid. According to these rules, the fee for connecting to the electricity grid
is exempted for new and expanded CHP facilities. It also stipulates that local authorities
should support CHP projects for their efficient and harmonious operation. To this end, CHP
plants and local electric power authorities are to collaborate to balance power dispatch with
the heating load. The local power authorities that do not collaborate to achieve the efficient
utilization of CHP plants may face penalties under the Energy Conservation Law and the
Unfair Competition Law.

Implication

There are small thermal power stations throughout China, built during the time of rural
development. These stations reduce overall generation efficiency and cause serious air
pollution. Thus, replacing them with large, state-of-the-art plants conserves resources and
improves air quality. However, it is a thorny policy for China to urge rural villages to give up
businesses, jobs and tax income. A huge capital investment is required to replace the small
plants with larger ones, though the reduced fuel costs due to greater efficiency offer some
compensation. Despite these hurdles, the Chinese government is implementing the policy to
phase out smaller thermal power plants with the firm resolution to improve energy efficiency
and air quality.

(CPIA 2008)
7 (CPIA 2008)
8 (CPIA 2008)
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China’s medium-sized thermal power plants (those smaller than 300 MW) are inefficient
by advanced world standards. In China, these still account for more than 40 percent of total
thermal capacity. Replacing these aging plants offers an opportunity to further reduce resource
use and environmental impact in the future.

Only recently, 600 MW-class ultra-supercritical units were introduced, and the trend is
moving to the 1000 MW-class ultra-supercritical units. In the next stage, the power sector’s
resource conservation and energy efficiency policy will be diversified to include non-
fossil power generation, long-distance transmission, local distribution grids and DSM. To
implement these policies while simultaneously ensuring that the power sector adequately
supports regional development, the roles of local authorities will continue to be important.
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Case Study: CHP Units of Beijing Huaneng Thermal Cogeneration Plant

The first phase project of the CHP plant of the Huaneng Power International Development
Company and Beijing Municipality was a key state construction project. This project included
four units with a total electricity supply capacity of 650-770 MW, heat supply of 3182 GJ /h, and
steam supply for industry of 500 t/h. Construction of the project started in April 1995 and was
completed in June 1999, Four generation units have been put into operation to date.

Because the plant is located in central Beijing, environmental protection and clean
production were given top priority in its development. The boilers of the plant use ultra-high-
pressure technologies, and the plant also features low-NOx burners, liquid ash removal, and
other state-of-the-art technologies.

Combined heat and power production is a means of reducing energy consumption that
has great potential in China. The Huaneng plant’s total installed capacity of 845 MW supplies
10 percent of Beijing’s power requirements, 70 percent of the city’s steam needs, and covers
30 percent of its central heating load. This facility has the largest heating capacity of any CHP
in the country. The annual average thermal efficiency of the generation unit is more than 60
percent, which is 20 percent higher than that of a conventional power plant. During the heating
period, the unit thermal efficiency is as high as 84 percent. Since 1999, the plant has achieved an
estimated savings of more than 400 million tce of fuel. In the summer of 2008, the use of waste
heat for cooling was being studied in a pilot project; this may ultimately raise the average
thermal efficiency by another 10 percent or more.

The emission level of pollutants from the boilers is in full compliance with both the
national standard and the Beijing municipal standard (the latter is stricter than the national
standard). The exhaust gas is monitored by the Beijing Municipal Environmental Protection
Bureau 24 hours a day, and the discharged ash is 100 percent recycled. The factory also has
installed three sewage treatment systems with combined annual processing of more than 10
million tonnes. The company is proposing a second-phase project to construct two 300 MW
coal-fired generation units.

CHP plants can realize a very efficient energy supply system when the customers have
sufficient heat requirements. The high potential efficiency and the industrial sector’s large
appetite for heat and high-quality steam suggest a promising area for CHP deployments. Large
building complexes that require heat and steam are other, relatively easy applications, though
seasonality of demand and geographic concentration are important constraints. Careful
consideration of CHP in the design of city and district development plans will facilitate the
most effective use of this highly efficient technology.

Case Study Source: (China Huaneng Group not dated)
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HONG KONG, CHINA

Introducrion

Hong Kong, China—a special administrative region of the People’s Republic of China—is a
world-class finanecial, trading and business centre of some 6.98 million peeple situated at the
south-eastern tip of China. It has no natural resources; all of the energy consumed in Heong Kong,
Chins, is imported. The energy sector consists of mvestor-owned electricity and gas ulity
services.

In 2008, the per capita GDP of Hong Kong, China, was USD 35 912, among the highest of
the Asia—Pacific Economic Cooperation (APEC) economies. GDP expanded by a robust 2.37%

in real terms in 2008. The services sector remained the dominant driving force of overall
economic growth, accounting for 92% of GDP in 2008 (CSD 2010a}.

The economy of Hong Kong, China, is driven by its vibrant financial services sector. The
shift towards higher value-added services and a knowledge-based economy will continue. To stay
competitive and attain sustainable growth, Hong Kong, China, needs to restructure and
reposition itself to face the challenges posed by globalisation and closer integration with
mainland China. The Mamnland and Hong Kong Closer Economic Partnershup Arrangement
(CEPA) 1s a manifestation of the advantages of ‘one country, two systems’. As part of the
liberalisation of trade in goods under CEPA, all products originating in Hong Kong, China, enjoy
tanff-free access to mainland China on application by local manufacturers, provided all CEPA
rules of origin are agreed and met. Since January 2008, the economy’s service suppliers have
enjoved preferential treatment in 38 service areas in mainland China (HKTID 2010). In addition,
the Pan—Pearl River Delta Regional Co-operation Framework Agreement has brought more
business opportunities for Hong Kong, China. In October 2007, the government announced it
was undertaking 10 major infrastructure projects, including some cross-boundary infrastructure
projects such as the Guangzhou—Shenzhen—Hong Kong Express Rail Link, Hong Kong-
Zhuhai-Macao Bridge, and Hong Kong—Shenzhen Airport Cooperation.

Table 9 Key data and economic profile, 2008

Key data Energy reserves

Area (sg. km) 1104 | Oil (million barrels) -
Population (million) 698 | Gas (billion cubic metres) -
GDP (USD (2000) billion at PPP) 250.58 | Coal (million tonnes) -
GDP (USD (2000) per capita at PPP) 35912

Sowece:  EDMC (2010).

Energy supply and demand

PRIMARY ENERGY SUPPLY

Hong Kong, China, has no domestic energy reserves or petroleum refineries; it imports all of
its promary energy needs. It generates some electricity. Total pomary energy supply in Hong
Kong, China, was 13.8 million tonnes of oil equivalent (Mtoe) in 2008, a decrease of 4.05% from
2007. Coal maintained the highest share of the total primary energy supply (51%), followed by oil
(29%%), zas {14%) and other sources (6%).

In 2009, the total installed electricity generating capacity in Hong Kong, China, was
12 644 MW (CSD 2010b), including imported power from Guangdong, China All locally-
generated power is thermal fired. Electricity is supplied by CLP Power Hong Kong Limited (CLP
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Power) and the Hong Kong Electric Company Limited (HEC). CLP Power supplies electricity
from its Black Point (2500 MW, Castle Peak (4108 MW) and Penny’s Bay (300 MW) power
stations. Natural gas and coal are the main fuels used for electricity generation at the Black Point
and Castle Peak power stations. Natural gas is imported from the Yacheng 13-1 gas field off
Haman Island in southern China wia a 780 kilometre high-pressure submanne pipeline. CLP
Power also has the right to use 30% of the 1200 MW capacity of Phase 1 of the Guangzhou
Pumped Storage Power Station at Conghua. HEC's electrnieity 1s supplied by the Lamma Power
Station, which has a total installed capacity of 3756 MW. Natural gas used at HEC's power
station 15 mainly imported through a submarine pipeline from the Dapeng liquefied natural gas
(ING) termunal in Guangdong, China. HEC has also operated a commercial wind turbine

{800 EW) since February 2006 (HEC 2010).

Table 10 Energy supply and consumption, 2008

Primary energy supply (ktoe) Final energy consumption (ktoe)| Power generation (GWh)
Indigenous production 103  [Industry sector 658 |Total® (gross) 39191
MNet imports and other 25192 |Transport sector 2154 Thermal 39191
Total PES 13762 |Other sectors 4141 Hydro —
Coal 6850 |Total FEC 6 850 Nuclear —
Qil 3917 Coal - Other —
Gas 2221 il 2 666
Other Tid Gas 659
Electricity and other 3523

a Total does not inchude electricity generated by hydro and nuclear facilities located in China.
Source:  EDMC (2010}

Town gas and liquefied petrolenm gas (LPG) are the two main types of fuel gas used mn
Hong Kong, China. Town gas is distributed by the Hong Kong and China Gas Company
Limited. It is manufactured at plants in Tai Po and Ma Tau Kok, using naphtha and natural gas as
feedstock. LPG 1s supplied by oil companes, imported into Hong Keng, China, by sea and
stored at the five terminals on Tsing Yi Island (Towngas 2010).

FINAL ENERGY CONSUMPTION

In 2008, the total final energy consumption i1 Hong Kong, China, was 6879 ktoe, almost
2.2% lower than in the previous vear. The other sectors (residential and commereial) accounted
for the largest share at 58%, followed by the transport sector (31%) and the industnal sector
(11%). By energy source, electricity and other made up 51% of end-use consumption, followed
by petroleum products (40%), and gas (8.7%).

Gas 1s suppled for domestic, commercial and industrial uses 1 two mam forms—town gas
and LPG. In addition, LPG is used as a fuel for LPG taxis and light buses, and natural gas is nsed
for electricity generation and city gas production.

Policy overview

ENERGY POLICY FREAMEWORK

The government of Hong Kong, China has pursued two key energy policy objectives. The
first is to ensure the enerpy needs of the community are met safely, efficiently and at reasonable
puces. The second i1s to nunimuse the envionmental effects of energy production and
consumption, and to promote the efficient use and conservation of energy. In keeping with the
free market economic pelicy of Hong Kong, China, the government intervenes only when it is
necessary to safeguard the interests of consumers, to ensure public safety and to protect the
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environment. The government works with the power, oil and gas companies to mamtain strategic
reserves of coal, diesel and naphtha. It momitors the power compames’ performances through the
Scheme of Control Agreements and, in consultation with the power companies, promotes energy
efficiency and energy-saving measures. It has also entered mto an information and consultation
agreement with the Hong Kong and China Gas Company Limited to make the town gas tanff
adjustment mechanism more transparent.

ENERGY MAREKETS

A memorandum of understanding signed by the government and the National Energy
Bureau on 28 August 2008 ensures the long-term and stable supply of nuclear-generated
electricity, and the supply of natural gas from three different sources: offshore gas, piped gas and
ILNG from a LNG termunal to be bult as a joint venture on & neighbouring mainland Ching site.
Gas-fired power plants generated 23% of the economy's electricity in 2009. To improve air
quality and to address the challenges posed by global warming, the government is exploring ways
to gradually increase the use of clean energy.

ENERGY EFFICIENCY

BUILDINGS

Energy consumption indicators and benchmarks have been developed for hospitals, clinics,
universities, schools, hotels and boarding houses, offices and commercial outlets i the
commercial sector. The periodically-updated indicators and benchmarks help users to compare
energy efficiency performances and to identify and implement improvements. The indicators and
benchmarking tools are available on the Electrical and Mechanical Services Department’s website
(EMSD 2010s).

A voluntary Energy Efficiency Labelling Scheme (EELS) covers 18 types of household and
office appliances, including refrierators, room coolers, washing machines, electric clothes dryers,
compact fluorescent lamps, electric storage water heaters, electric rice-cookers, dehumidifiers,
televisions, multifunction office devices, photocopiers, laser prnters, LCD momtors, electronic
ballasts, computers, domestic gas instantaneous water heaters, fax machines and bottled cold/hot
water dispensers.

To fusther encourage the use of energy-efficient products, the government introduced a
mandatory EELS through the Energy Efficiency (Labeling of Products) Ordinance (EMSD
2010b). The initial phase of the mandatory EELS, covering room air conditioners, refrigerating
appliances and compact fluorescent lamps, was implemented in November 2009, The second
phase of the mandatory scheme, covering washing machines and dehumidifiers, started in
March 2010 with an 18-month grace period.

The government has been promoting a voluntary budding enerey code (BEC) since 1998
through its Hong Kong Energy Efficiency Registration Scheme for Buildings. The BEC covers
prescriptive mimumum energy performance standards (MEPS) on lighting, air conditioning,
electrical and lift and escalator installations. The government also takes an alternative
performance-based approach to a building’s total energy consumption as compared to the energy
budget of a hypothetical buidding which can meet all prescriptive code requirements. Since March
2007, an alternative certification path for energy-audited buildings with good energy performance
has been provided. By December 2009, 1086 building venues had been registered under the

scheme.

To further enhance energy efficiency in buildings, the government introduced the Buildings
Energy Efficiency Bill into the Legmslative Council (LegCo) in December 2009 to start the vetting
procedures for mandatory compliance with the BEC. The Bill was passed in November 2010 and
the Buildings Energy Efficiency Ordinance was gazetted in December 2010, With an 18-month
grace period, the Ordinance is expected to be fully implemented by mid-2012. It is estimated
mandatory compliance will result in an energy saving of 2.8 billion KWh for new buildings in the
first 10 years of the Ordinance’s implementation. Thus will contribute to a reduction 1n carbon
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dioxmide emissions of 1.96 milhon tonnes. Further energy savings will be realised in exmisting
buildings constmicted before the new legislation came into effect, by requiring compliance with
the BEC when prescribed major retrofitting works are carried out in these buildings.

In October 2008, the government of Hong Kong, China, announced z district cooling
system (DCS) would be implemented at the new Kai Tak Development as one of the measures
to promote energy efficient buildings. The proposed DCS will have a designed cooling capacity
of 284 MW and will supply chilled water to non-domestic buildings for centralised air
conditioning. The project will be developed in phases and the design and construction work is
targeted to start in 2011 to match the schedule of development at Kai Tak.

Water-cooled air conditioning systems using cooling towers are more energy efficient than
conventional air-cooled systems. To promote energy efficiency in buildings, the government
launched a scheme for the wider use of fresh-water cooling towers for air-conditioning systems
in 2000; it became a standing scheme in June 2008. The mumber of designated areas has
expanded from an initial six areas to 102 as at the end of November 2010. The scheme now
covers about 78% of the non-domestic floor area of Hong Kong, China, and 268 cooling tower
installations have been completed and put into operation. It is estimated these installations could
save up to 194 million EWh of electricity consumption and reduce carbon dioxide emissions by
136 000 tonnes per vear.

In Aprl 2009, the government promoted a comprehensive target-based green performance
framework (the framework) for new and existing government buildings and set targets on varous
aspects of environmental performance. It also aims to achieve a 5% saving on the total electricity
consumption in government buildings from 2009-10 to 2013-14 after discounting activity
changes, using the electricity consumption in 200708 as the baseline.

The government has allocated HKID 450 mullion from the 2009-10 Budget to improve the
green performance of government buildings, such as installing energy efficient lighting systems,
retrofitting plumbing with water saving devices and incorporating energy efficient features in air
conditioning, lift and escalator systems. Furthermore, the government has allocated an additional
HED 130 million in 2009-10 to carry out works to enhance the energy efficiency of government
buildings and public utilities.

Two funding schemes totaling HKD 450 milhon were launched under the Environment and
Conservation Fund in April 2009, to encourage building owners to catry out energy/carbon
audits and energy efficiency projects. These schemes will create business opportunities for
electrical, mechanical, building services and environmenral and related industries. As at
November 2010, there were over 600 audits/ projects approved, with an estimated energy saving
of about 106 million EWh or a carbon dioxide emission reduction of about 74 600 tonnes per
year.

TRANSPORT

Energy consumption indicators and benchmarks have also been developed for private cars
and light, medium and heavy goods wvehicles in the transport sector. The indicators and
benchmarks are updated periodically so users can compare energy efficiency performances, and
identify and implement improvements. The indicators and benchmarking tools are available on
the Electrical and Mechanical Services Department’s website (EMSD 2010a).

The voluntary Energy Efficiency Labelling Scheme was extended to cover petrol passenger
cars 1n 2002, to raise the level of public awareness of vehicle enerpy efficiency.

A compettion enfitled ‘Bco-dovers” was launched i September 2008. Thus fuel economy
mn aimed to raise the awareness of energy and fuel conservation and the role it plays in
sustainable development, and called for public actions to realise tlus prmeiple in daily Life,
partcularly through driving.

In Hong Kong, China, almost all the diesel taxis have been replaced by liquefied petrolenm
gas (LPG) models. In Augnst 2002, the government launched a voluntary incentive scheme to
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encourage owners of existing diesel public and private light buses to replace their vehicles with
LPG or electric models. The scheme finished at the end of 2003; but as of the end of 2009, there
were over 3100 LPG light buses in operation, representing about 49% of all public/private light
buses in Hong Kong, China. Taking the leading role in the use of green vehicles, the government
introduced petrol-electric hybrid wvehicles in its vehicle fleet in 2005, From Aprl 2007, the
government has allowed a reduction of First Registration Tax to encourage car owners to use
environment-friendly petrol private cars. A similar scheme to encourage the use of environment-
friendly commercial vehicles was launched in Apnl 2008. In addion, the government is
continuously identifving possible ways to encourage vehicle owners to use cleaner alternative fuel
vehicles.

In the 2009-10 Budget, the Financial Secretary announced measures to promote the use of
electric vehicles in Hong Kong, China. These measures mclude extending the waiver of First
Registration Taxz on electric vehicles for five years until the end of March 2014, promoting the
setting up of electric vehicle (EV) battery charging facilities, and setting up a steering committee
to make recommendations on strategy and specific measures for their promotion. In the 2010-11
Budget, it was further proposed to accelerate the tax deduction for capital expenditure on electric
vehicles so enterprises can enjoy a 100% profits tax deduction in the first year. The budget also
proposed a HED 300 million Pilot Green Transport Fund to provide funding support for the
transport industry to mtroduce more mnnovative green techneologes, including electnie vehicles.
Electric vehicles such as MyCar’, Mitsubishi’s --MiEV” and Tesla’s ‘Roadster’, have already been
launched in the retail market in Hong Kong, China, and more new models are expected. By mid-
2010, the two local power companies had set up around 60 EV charging points in the territory.
The government is soliciting the support of property developers to sponsor the setting up of EV
charging facilities at their developments. It 1s expected that there has been a substantial imncrease
in the number of EV charging points in Hong Keong, China, by the end 2010,

DATA

The government maintains and updates an energy end-use database. The database provides a
useful mnsight into the energy consumption patterns of different sectors, sub-sectors and end uses
in Hong Kong, China. The Hong Kong Energy End-use Dataz 2010, using 2008 basic data, is
publically available on the Electrical and DMechanical Services Department’s website
(EMSD 2010c).

RENEWAEBLE ENERGY

To support the development of renewable energy (RE) in Hong Kong, China the
government has put in place provisions under a new Scheme of Control Agreements for the two
power companies, to encourage them to use RE and to invest in RE facilities. In the new
agreements, power companies will enjoy a higher permitted rate of return of 11% for their
investment in RE facilittes, compared with a return of 9.99% for ordinary investments. The
power companies will also be offered a bonus in the range of 0.01 to 0.05 percentage peints on
their return, depending on the extent of RE usage in their electricity generation.

To promote the wider use of RE 1n the community, the government provided tax incentives
for RE installations during the 2008-09 assessment vear. In view of the increasing popularity of
RE installations, it has published a set of technical guidelines to help the public better understand
the techmucal issues and the application procedures for grid connections of RE power systems.
The guidelines apply to RE power systems with a rating up to 1 MW and are publically available
on the Electrical and Mechanical Services Department’s website. The government has also
developed the Hong Kong Renewsble Energy Net website (HK RE Net) to prowide
comprehensive information on renewable energy technologies, with an emphasis on those
technologies suitable for applications in Hong Kong, Chuna (EMSD 2007).

The findings of a government-comnussioned study to investiate the viability of using
renewable energy technolomes suggested the eastern side of Hong Kong, China, may have
sufficient wind resources for commercial wind farms. Five wind-momnitoring stations were erected
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at the Government Logistics Centre, Pottinger Peak, Town Island, Tung Lung Chau and Miu
Tsai Tun to gather wind resource data in the region. The wind data collected at the frve stations
has been analysed and, with data collected from the Hong Kong Observatory, used to produce a
detailed wind resource map covenng all parts of the Hong Kong, China, territories. The map and
an online wind resources calculator are publically available through the HE Sustainable
Technology Net portal site (EMSD 2008). The technical guidelines for grid connections of small-

scale RE power systems are on the Electnical and Mechanical Services Department’s website.

A 350 EW photovoltaic (PV) installation, the largest in Hong Kong, China, has been installed
on the roof of the EMSD headquarters in Kowloen Bay. It comprses (1) a solar array made up
of more than 2300 PV medules which together has a total area of around 3180 m2 and (2) a
smaller system made up of PV glass laminates (EMSD 2009). The largest solar power system in
Hong Kong, China, was comumissioned by HEC on Lamma Island in July 2010.

NUCLEAR

CLP Power is contracted to purchase around 70% of the electrcity generated by the two
984 MW pressunsed water reactors at the Guangdong Daya Bay INuclear Power Station at Daya
Bay 11 mainland China, to help meet the long-term demand for electricity in its supply area (CLP
2010). In September 2009, the government approved the extension of CLP Power’s contract for
the supply of nuclear-generated electricity from Guangdong Daya Bay Nuclear Power Station for
another 20 vears, from 7 May 2014, The extension of the contract ensures a continued supply of
cleaner electricity to Hong Kong, Chuna, which will help to alleviate air pollution and greenhouse
gas emissions locally.

CLIMATE CHANGE

The government aims to reduce the energy intensity of GDP by 25% by 2030 relative to
2005 levels, and to reduce electnicity consumption in government buldings by 5% by 201314
relatrve to 2009-10 levels. It will also make efforts in support of China’s target to reduce carbon
intensity.

In July 2008, to help the users and managers of buildings to enhance their awareness of
greenhouse gas (GHG) emissions, to measure the GHG emussions performance of their
buildings and to voluntarily participate in reducing and/or offsetting GHG emissions to combat
climate change, the government published the Gudelines to Account for and Report on
Greenhouse Gas Emissions and Remowals for Buddings of Commercial, Residential or
Institutional Purposes in Hong Kong (also known as the carbon audit guidelines). The guidelines
have been designed for voluntary and self-reporting by the reporting entities, and they provide a
systematic and scientific approach to accounting for and reporting on GHG emissions and
emussions removals from buildings. In February 2010, a revised edition of the guidelines with
updated emission factors was made publically avalable on the Enwvironmental Protection
Department’s website (EMSD 2010d). At the same tme the government launched the Green
Hong Kong Carbon Audit campaign. Organisations from all sectors are encouraged to join the
campaign as Carbon Audit Green Partners to conduct or help to conduct carbon audits on their
buildings, and/or to initiate carbon reduction programs according to the Carbon Reduction
Charter. By the end of November 2010, over 210 organisations from various sectors had joined
the Carbon Audit Green Partners scheme.

MNotable energy developments

REDUCING GREENHOUSE GAS EMISSIONS OF POWER GENERATION

Power generation is the largest source of greenhouse gas (GHG) emissions in Hong Kong,
China. Revampmg the fuel mix for local power generation is an essential step for suppressing the
economy’s GHG emissions and carbon intensity. In 2009, coal (about 54%:) domunated the fuel
mix for power generation in Hong Kong, Chma, followed by natural gas (about 23%) and
nuclear-generated power imported from mainland China (about 23%). A consultation document
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on climate change, rolled out in September 2010, proposes a revamp of the fuel mix by 2020 as
follows:

1. To keep coal-fired power plants at a very low utilisation rate or as a reserve, such that coal
would account for no more than 10% of the fuel mix

]

. To mcrease the share of natural gas in the fuel mix to around 40%

[¥%]

. To use substantially more non-fossil low-carbon fuels, such that renewable energy would
make up about 3%—4% of the fuel mux, and the balance of about 50% would be met by
imported nuclear-generated power.
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CHINESE TAIPEI

Introduction

Chinese Taspei, consisting of the islands of Tarwan, Penghu, Kinmen and Matsu and several
islets, is located in the middle of a chain of islands stretching from Japan in the north to the
Philippines in the south. Its position, just 160 kilometres off the south-eastern coast of China,
makes it a natural gateway to East Asia. It has an area of around 36 188 square kilometres. Only
one quarter of the land iz arable, but the subtropical climate permits the multi-cropping of nce
and the growing of frut and vegetables all year round.

In 2008, Chinese Taipei's GDP was USD 634 41 billion, and its per capita income was
USD 27 652 (USD (2000) at PPP). Rapid economic development over the past decade has
substantially changed the economic structure of Chinese Taipei, shifting the emphasis from
industrial production to the services sector. In 2008, the services sector contributed 69.1% to
GDP, followed by the industrial sector (29.3%) and the agriculture sector (1.6%%). There has been
an increase in the populaton of Chinese Taipei, which 1s one of the most densely populated areas
in the wotld, but the rate of increase has been relatively mild. The population of 22.94 million
grew at a rate of 0.33% between 2007 and 2008. This was much slower than the average annual
growth of 0.4% between 2000 and 2008.

Chinese Taipei has very limited domestic energy resources and relies on impotts for most of
its energy requirements. There ate no oil or coal reserves in Chinese Taipei, but it has gas
reserves of around 6.2 billion cubic metres (EIA 2010). In 2008, installed electricity generation
capacity totalled 46 381 MW

Table 32 Key data and economic profile, 2008

Key data Energy reserves®
Area (sg. km)® 35 189 | Qil (million barrels) -
Population (million) 22.94 | GGas (billion cubic metres) 6.2
GDP (USD (2000) billion at PPP) 634.41 | Coal (million tonnes) -
GDP (USD (2000) per capita at PPF) 27 652

a Directorate-General of Budget (2010).

b EIA (2010).

Source: EDMC (2010).

Energyv supply and demand

PRIMARY ENERGY S3UPPLY

In 2008, Chinese Taipei’s total primary energy supply was 107 218 kilotonnes of oil
equivalent (ktoe), a decline of 4.6% from the previous vear. By fuel, oil contributed the largest
share (40%), followed by coal (36%0), natural gas (12%) and other fuels (12%). Chinese Taipei has
limited indigenons energy resources and imports around 99% of its energy needs.

Chinese Taipei imports almost its entire crude o1l requirement. The Middle East is its major
supplier, accounting for 82% of total imports. In 2008, Chinese Taipei imported 45.6 million
tonnes of crude cil However, because the refining capacity of the economy exzceeds domestic
demand, Chinese Taipe: is a net exporter of petroleum products. Exports of petroleum products
were around 10 mullion tonnes in 2008. To prevent supply disruption, Chinese Taiper's refiners
are required by the Petroleum Admimistration Act to maintain stocks of more than 60 days of
sales volumes.
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The total refining capacity of 1.26 mullion barrels per day 1s operated by Chinese Petroleum
Corporation (CPC) (57.1%) and Formosa Petrochemical Corporation (FPCC) (42.9%). CPC—
the state-owned oil company—is the domunant player in all sectors of the economy’s petroleum
industry, including exploration, refining, storage, transportation and marketing. FPCC is a
subsidiary of the private petrochemical firm Formosa Plastics Group. In August 2006, FPCC
completed an upgrade of its refinery facility at Mailia, increasing its refining capacity from
450000 to 510000 barrels per day. Although refining capacity exceeds the domestic
consumption of petroleum products, both CPC and FPCC are considering constructing new
refineries or expanding their existing plants (BOE 2008a).

As natural gas resources are also limited, domestic demand is almost entirely met by imports
of liquefied natural gas (LNG), largely sourced from Indenesia and Malaysia LNG mmports in
2008 were 9.0 million tonnes, a 9% increase from 2007. CPC operates Chinese Taiper’s only
ILNG recerving terminal at Yungan, Kachsmng, with a handling capacity of 8.56 million tonnes a
vear. To meet the increasing demand and the first-stage goal of supplying gas for use by Taiwan
Power Company’s (TPC’s) Datan Power Station from 2008, CPC has built a second terminal at
Taichung Harbour, with a design capacity of 3 million tonnes a year. It was completed at the end
of 2000 (CPC 2009).

Table 33  Energy supply and consumption, 2008

Primary energy supply (ktoe) Final energy consumption (ktoe) Pow":g:\;’r:m“""
Indigenous production 13 727 |Industry sector 24261 [Total 235 108
Net imports and other 98 078 |Transport sector 8469 | Thermal 183 720
Total PES 107 218 |Other sectors 31602 | Hydro 4257

Coal 38 729 |Total FEC 64332 | Nuclear 40 827
ol 42395 | Coal 6240 | Other 6304
Gas 12700 | Oil 37 889
Otner 13394 | Gas 2036

Electricity and other 18 167

Sonece:  EDMC (2010).

Coal is used for electricity generation as well as by the steel, cement and petrochemical
industries. All Chinese Taipet’s coal requirements are imported, mainly from Australia (69.9%)
and Canada (25.6%). In 2008, the primary coal supply was 38.7 mullion tonnes of oil equivalent
{(Mrtoe), which was 3.9% lower than in 2007. To secure a stable supply of coal, joint ventures to
Lmd.ertake exploration and development overseas are necessary.

Chinese Taipei generated 235 108 GWh of electricity in 2008. TPC’s thermal power and
nuclear power contributed 47.6% (29% from coal, 4.8% from oil and 13.7% from LNG) and
17.1%, respectively; privately owned cogeneration 16.5%; independent power producers (IFTs)
15.5%0; hydro power 3.3% and wind power 0.1%. TPC dominates Chinese Taipei’s electric power
sector, and IPPs account for only 15.9% of the total capacity. IPPs are required to sign power
purchase agreements with TPC, which distubutes power to consumers. To expand foreign
participation, in January 2002 the government permitted foreign mvestors to own up to 100% of
an IPP. Currently, two 1350 MW advanced light water reactors in the Fourth Nuclear Power
Project are under construction to boost electricity generation (EDMC 2010).

FINAL ENERGY CONSUMPTION

Final energy consumption in Chinese Taipei was 64 332 ktoe in 2008, 5.18% lower than in
2007. Other sectors |’1ncludiug residental and services) consumed 49.1% of the total, followed by
the industrial sector (37.7%) and transportation (13.1%). By energy source, petrolenm products
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accounted for 58.9% of the toral final energy consumption, followed by electricity (28.2%), coal
{9.7%) and city gas (3.2%).

The other sectors (heat and other) was the mam energy consumer (31 602 ktoe). Rising
gasoline prices and a more convenient mass transportation system have moderated energy
consumption in the transportation sector. Consumption in the sector was 8469 ktoe in 2008, a
30.28% decrease from 2007 (12 148 ktoe). In 2008, consumption in the industry sector increased
by 5.93%.

Policy overview

ENERGY POLICY FRAMEWORK
POLICY

The Buresau of Energy is responsible for formulating and mmplementing Chinese Taipei’s
energy policy. It is also charged with enforcing the Energy Management Law and Electricity Law,
regulating natural gas utlities, petroleum and liquefied petrolenm gas filling stations; regulating
the importation, exportation, production and sale of petroleum products; mantaining an energy
database; evaluating energy demand and supply; promoting energy conservation; unplementing
research and development programs; and prometing international energy cooperation.

The fundamental goal of Chinese Taiper's energy policy is to promote energy secuurity,
supported by the secure importation of oil, natural gas and coal, and the development of
domestic energy resources, inchuding nuclear, fossil fuels and new renewable energy.

In December 2005, the Burean of Energy released an Energy Policy White Paper addressing
worldwide trends, short-term and long-term energy secunty challenges and the corresponding
measures to be taken. Future energy policy will focus on:

®  stabilising energy supply to increase energy independence
® increasing energy efficiency and reinforcing the management of energy efficiency
= further promoting the liberalisation of the energy market
* coordinating the development of the 3Es (energy, environment, economy)
= reinforcing research and development
* promoting education campaigns and expanding public participation.
The aims of Chinese Taipei’s enerpy policy are to establish a liberalised, ordesly, efficient and

clean energy supply and demand system based on the environment, local characteristics, future
prospects, public acceptability and practicability.

The Burean of Enerpy released the Framework of Sustainable Energy Policy on 5 July 2008.

It inchades:

® policy objectives—to achieve a win-win-win solution for energy, environment and
economy, and to set targets for improving energy efficiency, developing clean energy
and securing a stable energy supply

= policy ponciples—to establish a high-efficiency, lugh value-added, low-emussions
and low-dependency energy consumption and supply system

" a strategic framework—divided into two parts: cleaner energy supply and
rationalised energy demand

* follow-up work—government agencies to formulate concrete action plans which
clearly set carbon reduction targets and build menitoring and follow-up mechanisms
to review effectiveness and performance and to establish quantitative objectives for
each task to measure performance and facilitate implementation (BOE 2008b).
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ENERGY SECURITY

As Chinese Taipei is almost completely dependent on oil imports, the government has been
working to secure supply. To stabilise oil supply, private oil stockpiling could replace the 60 days
of sales volumes (which is defined as the average domestic sales and private consumption over
the past 12 months) required under the Petrolenm Admimistration Act. Using the Petrolenm
Fund to finance the storage of oil, the government is responsible for stockpiling 30 days of oil
demand (BOE 2009, Article 24). Under the Act, the liquefied petroleum gas stockpile should be
more than 25 days of supply.

For many vears, CPC has engaged in cooperative exploration with governments and large
international oil companies under the name of the Overseas Petrolenm and Investment
Corporation (OPIC), in operations throughout the Americas, the Asia—Pacific region and Africa.
Following rising oil prices in recent years, CPC made strenuous efforts to develop upstream
exploration to secure oil sources. In line with the government’s policy of ‘deepening the energy
supply safety mechanism and promoting international energy cooperation’, CPC has engaged in
international cooperation in exploration and development in the hope of discovering new
reserves of oil and natural gas. In 2008, CPC engaged with international oil companies in
cooperative exploration in 13 fields in eight economies.

On 26 December 2008, CPC signed exploration cooperation agreements with the China
National Offshore O1 Corporation (CNOOC). Among other things, the agreements covered the
renewal of an agreement on jomnt exploration in the Tainan Basin of the Tarwan Strait, a
feasibility study of exploration in the Nanridao Basm off northern Tarwan, and the transfer of a

30% stake in CNOOC’s onshore Block 9 in Kenya to CPC.

In the future, CPC’s strategy is to increase overseas exploration and production by raising the
value of its existing overseas o1l and gas fields and establishing core areas with high rates of
growth, participating actively in bidding for open blocks, seeking opportunities to take over fields
from large oil companies, and pursuing opportumties for mergers and acquisitions in new oil and
gas fields to add to the company’s reserves (CPC 2010).

ENERGY MAREETS

MARKET REFORMS

The Petroleum Administration Act has been amended to further liberalise the petroleum
market. The government is now coordmating with the relevant agencies to implement the
amendments. Key actions include the following:

® Petroleum prices will be determined by market mechamisms. The equation used to
adjust gascline and diesel prices, originally determuned by CPC, was abolished in
September 2000 after FPCC’s petroleum products were released to the market.
Following significant fluctuations in international petroleum prices in the second
half of 2005, the Mimstry of Economic Affairs (MOEA) authorised CPC to adopt a
floating fuel pricing mechanism at the beginning of 2007; thus 1s still in force.

®  The petrolenm market will be further liberalised through the following three actions.
First, the amendments made to the Petroleum Admunistration Act in 2008 and 2009
to reflect changes that had occurred over time in the social environment and to
ensure a secure supply of domestic petroleum. Second, the secunty reserve threshold
for the petroleum import business was reduced from 50 000 kiloltres (kL) to
10000 KL, while the reserve for the petroleum refinery will be mamntamed at
50 000 EL. Thus 1s expected to reduce the barriers to entry to the market. Thurd, the
partial import tanff on petrolenm products was relaxed in line with global trends.
The Ministry of Finance has accepted the World Trade Organization’s suggestion to
reduce the tax difference between petroleum products and crude o1l (that is, tanffs

on gasoline, kerosene, jet fuel and diesel should be reduced to 0%4).

®  There are 23 povate and two state-run natural gas companies, administered by the
MOEA according to the Act for Regulating Prrvately Owned Public Utilities and the
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Regulations Governing the Administration of Gas Utilities. To establish the sound
management of natural gas utiliies and to incorporate the production and
mportation of natural gas mnto regulations, a draft Natural Gas Business Bill has
been completed and submitted to the Legislative Yuan for deliberation. The Bill
outlines the responsibilities of authorities and has provisions for the operation of
businesses, the safety of related facilities, disaster prevention, customers’ rights and

the establishment of a safety inspection system. Penalties for noncompliance are also
addressed (BOE 2008c).

ELECTRICITY MARKETS

The Chinese Taipe: Government’s aim is to have a total electricity supply that provides a
reserve capacity of 15%—20% based on peak demand. During the 1990s, some of TPC’s new
power plants were unable to meert their construction schedules because of environmental 1ssues
and complex government approval processes. This kept the total electricity supply below reserve
capacity between 1990 and 2004. Reserve capacity was under 8% between 1990 and 1996.
Beginning in 1995, to stabilise the power supply, Chinese Taipei’s electricity market was opened
to IPPs when the reserve capacity fell below 16%. Power produced by IPPs is sold to TPC
through TPC’s transmission lines. To prevent electrcity supply outages, the MOEA announced
the Fourth Stage of Opening the Electricity Market to IPPs in June 2006. IPP investors did not
meet the bidding price offered by TPC for this stage. Fortunately, power demand is not expected
to increase between 2011 and 2013, The MOEA will announce a fifth stage of opening the
electricity market to IPPs if the reserve capacity falls below 16%% in the future.

To comply with the schedule for privatising TPC and promoting the liberalisation of the
domestic power market, the MOEA has completed a program of liberalising the electricity
industry. Based on the program, a draft amendment to the Electricity Act was submitted to the
Legislative Yuan for review. Now the legislative process to amend the Electricity Act has been
completed, the generation sector will be able to set up and invest in the integrated utility,
transmission utility and distribution utility. In addition, generators will be able to sell power to
consumers directly, which means the market structure will no longer be a monopoly. A
competitive mechanism will also be established to improve the performance of utilities
(BOE 2008Db).

FISCAL REGIME AND INVESTMENT

Chinese Taipei has imited indigenous resources so it has no formal policy on investment in
upstream assets. Foreign investors are welcome to participate in the IPP electricity market
bidding process discussed above.

ENERGY EFFICIENCY

Chinese Taipei's energy efficiency strategy will target both the supply and demand sides
(BOE 2008d).

On the supply side, the strategy has two main amms:

® Increasing the proportion of low-carbon and high-efficiency electricity generation
plants by increasing the ratio of efficient gas combined-cycle generation. In 2025, gas
combined-cycle generation is expected to account for 25% of the power generation
system.

® Introducing the woild’s best available technology for electricity generation by
speeding up power plant replacement, setting plans to raise the overall efficiency of
power plants and calling for the world’s best practice power conversion efficiency
standards for all new power plants.

On the demand side, the strategy has three main aims for the manufacturing sector:

= Establishing financial incentives and regulatory mechanisms by providing
preferential loans and investment tax credits, accelerated depreciation, and other

90



APEC Enercy OvERVIEW 2010 CHINESE TAIFEI

financial incentive measures; by establishing energy-saving performance
measurement verification mechamsms; by promoting energy-saving performance
guarantee projects; and by introducing energy services compamies to provide
technology, capital and human resources.

® Improving energy efficiency by promoting lugh-efficiency motor programs and
boiler efficiency plans and by establishing specific energy consumption indicators.

= Establishing full-service energy-saving systems by establishing the MOEA Service
Centre and in-house counselling services; and strengthening and deepening energy
technology services.

On the demand side in the residential sector, the strategy has four main aims:

® Encouraging the service industry to sign a voluntary agreement for energy
conservation and setiing an energy-saving goal of 5%—10%.

= Enhancing the use of electrical appliances with high energy efficiency, expanding
electrical products energy-efficiency management, subsidising the purchase of
energy-saving products, and promoting the use of high-efficiency and low standby
power products.

® Promoting a revolution in lightung. By 2012, incandescent bulbs will be extensively
replaced and LED lighting will be promoted.

® Promoting price discount programs. Residential customers and pomary schools
using less than the average daily KWh usage in the same period of the previous year
will be given a discount.
In the transportation sector, the aims are to raise standard fuel efficiency for private vehicles
{measured in passenger kilometres per litre} stepwise to 25% by 2015, and to promote the
replacement of traditional traffic lights with LED lighting.

In the government sector, the intention is to promote negative growth in oil and electricity
consumption within government agencies and schools, aiming for an accumulated saving of 7%
2015
in 2015.

RENEWABLE ENERGY

In response to high oil prices and the global trend towards reducing greenhouse gas
emussions, promoting the development and use of renewable energy i1s considered a cntical
strategy internationally. In Chinese Taiper, 99% of energy supply is imported. Therefore,
promoting renewable energy development can drversify the energy supply, increase the share of
domestically produced energy and lead the development of local industry. This will help the
economy reach the goal of the three “wins’ of energy secunty, environmental protection and
economic development. To promote the use of new renewable enerpy, the government has
selected some major areas with viable market potential: solar energy, wind energy, geothermal
energy, ocean energy, biomass, and energy from waste.

Chinese Taipei mainly emphasises wind power, solar photovoltaic and biofuels, and also
promotes other renewable enermes as avziliary means. By December 2008, the total installed
capacm' of renewable electricity generation was 2843 MW, whuch can produce approzimately

7.65 billion KWh of electneity annually (BOE 2008d).

To effectively promote renewable energy and to respond to the requirements of the prvate
sector for institutionalised incentive measures, Chinese Taipei promulgated the Renewable
Energy Development Bill on 8 July 2009 (BOE 2009b). The essence of the Bill is based on fixed
feed-in tariffs and grid-connecting obligations to secure the market for electricity generated from
renewable energy. The subsidisation of photovoltaic, hydrogen energy and fuel cells was also
proposed. Because of the differences between the non-renewable electricity generating costs of
power utilities and the renewable electricity feed-in tanffs, a fund will be established to subsidise
utilities when they produce or purchase renewable electnicity. It i1s hoped that electricity from
renewable resources will account for 8% of total electricity generation by 2025
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NUCLEAR

To drversify the electricity generation mux, the government encourages the development of
muclear energy. At the end of 2009, there were three nuclear energy plants with six wmits and a
total mstalled capacity of 5144 MW the first reactor has two units of 636 MW, the second two
units of 985 MW and the third two units of 951 MW. The first unit of the fourth nuclear energy
plant (1550 MW will be completed in 2011, and the second (1350 MW) will be completed in
2012. By 2012, there will be 7844 MW of installed nuclear energy generation capacity (TPC 2010).

CLIMATE CHANGE

In view of global climate change and enerpy shortages, the policies of the Chinese Taipei
Government focus on energy conservation and reducing carbon emussions. To achieve those
aims, the BExecutive Yuan approved the Sustainable Energy Policy on 5 June 2008, and issued the
Sustainable Energy Policv—Energy Carbon Reduction Action Program on 4 September 2008.
However, because the action program spans only four years of policy planning, long-term and
controversial energy issues, which requure extensive discussion, are discussed through the
National Energy Conference. The Executive Yuan held the Third National Energy Conference
on 15-16 Aprl 2009. The main topics included sustainable development and energy security,
energy management and efficiency enhancement; energy prices and the opemng of the market;
and energy technology and industrial development (BOE 2009¢). Chinese Taipei’s targets are to
reduce economy-wide CO; emissions so total enussions return to the 2008 level during the
petiod 2016-20, and are then further reduced to the 2000 level in 2025, The main measuzes to
aclueve this goal are to develop carbon-free renewable energy, to increase the use of low-carbon
natural gas, and to promote energy conservation schemes in various sectors.

Chinese Taipei has overall energy efficiency goals of reducing energy intensity by 20% by
2015 and by 50% i 2025, based on the 2005 level All sectors have specific energy efficiency
goals, such as: reducing the CO» intensity of industry by 30% by 2025; raising new car energy
efficiency standards by 25% bv 2015; improving the energy efficiency of appliances and devices
by 10%—70% by 2011; and a 7% reduction in the government’s energy use by 2015, In 2006, the
MOEA conducted fDLl:L projects for: establishing the auditing, registry, venfication and
certification systems of the energy industry; buildmg the capamt*, of the energy industry to reduce
emissions and promoting a program of veoluntary CO; emissions reductions; promoting an
environmental accounting system for the energy sector; and promoting a greenhouse gas
eMUsSIONs MAanagement system.

The main achievements of these and related activities include:

= the establishment of a domestic greenhouse gas emissions auditing tool

= the selection of 40 energy industry companies to participate in demonstration
projects

® the provision of education and training to demonstration companies

= assistance for five demonstration companies to obtamn international certification.

Notable energy developments

PEER REVIEW ON ENERGY EFFICIENCY (PREE)

Chinese Taipei hosted an APEC Peer Remiew on Energy Efficiency during 23—27 August
2010. The Peer Rewiew was well organised; the povernment arranged a comprehensive
consultation program with government officials and industry representatives, and provided the
review team with detailed background information to help with their analysis.

The review team noted a strong history of government engagement with businesses and the
public on energy efficiency and conservation issues. This leadership element is cutical to ensure
further progress is made on energy efficiency in Chinese Taipe: The commitment to energy
efficiency and conservation extends from the highest level of government (the Executive Yuan)
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to the general public, and is reflected in the implementation of international best practice energy
efficiency policies and measures. The review team made 35 recommendations in its draft final
report to support the Chinese Taiper Government's energy efficiency strategy. The
recommendations cover the institutional context; energy efficiency goals, targets and strategy;
energy data collection and menitoring; the industry, electricity, residential and commercial and
transport sectors; appliances and equipment; and education and energy efficiency related R&D.
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