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Scenario analysis of reduction potentials of energy demand and GHG emissions

based on LEAP model in Xiamen City
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Abstract; As approximately 50% of the world’s populations are now living in cities, cities have become the centers of
economic and cultural activities on Earth. Studies show that greenhouse gas( GHG) emissions from cities account for about
75% of the global total, and it is critical to reduce the GHG emissions at the city level. The computing principle based on
the LEAP model for urban energy saving and emission reduction is introduced. A detailed model, known as LEAP-Xiamen,
has been developed to estimate the reduction potential of energy consumption and GHG emissions in Xiamen, Fujian
Province for the period of 2007 —2020. Two scenarios have been designed to describe the future energy strategies in relation
to the development of Xiamen City. The ‘Business as Usual’ (BAU) scenario assumes that the government will do nothing
to influence the long-term trends of urban energy demand. An ° Integrated’ (INT) scenario, on the other hand, is
generated to assess cumulative impacts of a series of available reduction measures, including clean energy substitution
(CES), industrial energy conservation (IEC), combined heat and power generation ( CHP), energy conservation in
building (ECB) , motor vehicle control (MVC) and the development of new energy and renewable energy ( DNR). The
modeling results show that different modes of economic development and policy implement have a significant impact on
energy consumption and GHG emissions. With the rapid development of Xiamen's economy in 2007 — 2020, the total energy
demand and GHG emissions will maintain a relatively high growth. However, the policy measures can have significant
effects on energy conservation and GHG mitigation. Firstly, in the BAU scenario, the average annual growth rate of energy
consumption is 10. 5% in Xiamen; The energy intensity ( energy consumption per GRP) will decreases annually by 1.
37% ; and GHG emissions have an average annual increase of 10. 08% . However, in the INT scenario, energy

consumption, energy intensity and GHG emissions will increases by 9. 13% , decreases by 2.59% , and rises by 6. 94% ,
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respectively. Secondly, according to the analysis of energy consumption in Xiamen City, the INT measures will save 1.23
million tons of coal equivalents ( Mtce) in 2010, 2. 97 Mtce in 2015, and 4. 63 Mtce in 2020. In terms of measuring
specific contributions, CES has the best effect, followed by CHP, IEC, ECB, MVC and DNR. The industrial sector has the
greatest energy saving potential in Xiamen, followed by commercial, transportation, and household sectors. Thirdly, in
terms of GHG emissions mitigation, the INT measures will reduce 6.3 Mt CO, in 2010, 13.8 Mt CO, in 2015, and 18.9 Mt
CO, in 2020. Among all policy measures, CES makes the greatest contribution, followed by CHP, MVC, IEC, ECB and
DNR. From consumption sectors, the greatest potential for reducing emissions lies in the industrial sector, followed by
transportation, commercial and household sectors. Energy structure change has the great reduction potential. Fourthly, on
comprehensive considerations of both energy conservation and emission mitigation, the CES measure has the most important
place in energy saving and emission mitigation for Xiamen; and industrial sector has the greatest potential. In addition, the
optimization of energy use in Xiamen is an important long-term strategy for reducing emissions. For Xiamen, it is the
pathway to low-carbon city by promoting cleaner fuel use, controlling industrial sector’ s energy consumption and GHG

emissions, and optimizing urban energy structure.

Key Words: GHG emissions; reduction potentials; scenario analysis
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Table 1 The basic assumption of key variables for LEAP-Xiamen model
B 0>Z% Key parameters 2007* 2010 2015 2020
A 1 Population /million 2.43 2.61 2.95 3.33
A E1 34 % Population growth rate /% 2.46 2.46 2.46 2.46
F B Household size /persons 3 3 3 3
ZKEE$T ¢ Households /thousand 810 870 983 1110
b [X Az 7= SH Gross regional product /billion 138.79 213.67 376.56 606. 45
GRP $4K# GRP growth rate /% 15.47 12 10 10

a: 2007 4E IR LS EBARRIRT 2008 4E K BLIT ISR X GETHE 2, SOEAUREBR ST ;b IIEHIRTE, A O AR B EA DL ;e A
PR RATHE A AR RRBLBR 1 3R, 2. 46 J2 1998—2007 325 10 4R BT T A HS R ARG F A d: BB BERSAHEN ORI
A g, DRI EAE S TOIRE BRE R, AOn RKIEAEBER 3 DA se: RS THAAEN T BEER T RS FEAR R B )5
R GRP KRR SHFHI T +— 1" RSB T 44E AR 2004—2020 453K BEE o
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0. 4366t FrifEft, 7ZERMEE BT, HIo X A 7= B {HfE Fig. 2 Total energy consumption forecast for the BAU and INT
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Table 3 Predicting results of energy consumption per unit GRP for BAU and INT

B B 6 it

Total energy consumption/(Mthy #i4)
[
S

K0 Year 2007 2010 2015 2020

AR BAU /(1 ARAEAE/10000 TE) 0.6100 0.6003 0.5540 0.5099

Ly PRI INT /(¢ BRYEAL/10000 5) 0.6100 0.5420 0.4750 0.4336
3.2 RESAHE ARG E 70 -

—a— FEYETE FBAU
60 - W SEEIERIERINT

2007—2020 4, J& ] i - 4F 1 S5 b iR 2 AR HEK
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2020 FEH 6030 J7 tCO, , MK 10.08% ; MIELE A1
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Fig. 3 Total GHG emissions forecast for the BAU and INT
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B 7. 44% s R ERIER T  FBK 4.37% . WAES T ETHXEARE EHRE R S 1

WESAHHER GHG emissions/(Mt COy)

http ://www. ecologica. cn



3364 B ¥ R 30 %

K& BIEELREEHE R T E A B,

F4 EEABSENERHBETEADRESEHRETRNER
Table 4 Predicting results of annual GHG emissions intensity for BAU and INT

44 Year 2007 2010 2015 2020
MRS 5 BAU /(t CO,/person) 6.95 10.83 15.24 17.66
Sa#EHIE S INT /(t CO,/person) 6.95 8.48 10.68 12.12

CO, #it CO, S, BTEH S FORBBUE 1o AL LR . SRR A SR A 0 1 A 5 2 22 00 3 AT B, O, 777
i
3.3 TREBHRE
3.3.1 WREE A

JEIITH B3 BB 7 LA R TR R AR TR BE SRR R AR 5 B . RN, TR 1 BEBUR FE T AT BE

ARG A ORI SE MR , IR T4 X B3 BBV 02 03K, IA 2010 4R 123 T ¢ FRAEEHE A 31 2020 47 463
TT AR . BT ISR RETTIRSRORE , TG AR VIR R TTCR e R , B4 I STRRRAE 50% 724
MR BETTHR SR E , Tk #8115 R STk ek

x5 EHEBRELLTEEFSAARNTRENUREEFHTRIKE
Table 5 Reduction potential of total energy consumption of INT compared with BAU and the contribution rates of each factor

FA5y Year 2010 2015 2020
INT AHEbF BAU 155 BT 208 i 15 BE¥: 77 Reduction potential of total energy consumption of INT compared with BAU

5 fiEf& Reduction value of total energy consumption /Mt A7 fE4sE 1.23 2.97 4.63
£ FIERX T BATRETTHRZR Contribution rates of each sub-scenario /%

T IRRHCHE 5t CES 66. 83 57.04 40.75
Tolb 5 Ef 5t IEC 7.76 14.65 23.97
P I P15 5 CHP 13.56 11.23 7.24
U1 RET R ECB 7.48 14.19 23.29
PLEhZEfHl R MVC 5.96 8.40 11.47
BREYEIT & 5] RS 5 DNR 0.30 0.84 1.02
AR BETTER 2 Contribution rates of each sector /%

FEETHI] Household sector 1.88 4.50 5.25
T80 Industrial sector 71.40 60. 60 58.46
ZCIHHRT] Transport sector 9.57 15.04 15.11
FMk3#I] Commercial sector 17.15 19.86 21.18

3.3.2 @RS

JELII i AR 2 SRR RE 7 LA B A% TR T I IRHE BTRR AR AN SR 6 T o S5 5R B , FER IR HE BUR FE S 1 19
RN WHPSCR R o TR T8 5 P, Wl ST IR S5 R 2 1 T AR AU It , 2 28 PR 5 70% LA Eo AR
IR, Tk T RIR = SARIHER 7, H SRR AR I A ARIFTE 80% LA L, R D9y iE ORI AR Tolk W RE A
W7 SRR Tl 3801 ] Y B A 25

2 SR B HE 3 B RIR TR S RETRIH B B B A P AN BEVR A A S5 A D fh o ARIBAE R A8 45 R
AT A A B, A b IX RE IR 45 A X TR = A HE TR E K, TTRR IR A ARFFTE 70% 25, X
FIZEH B HRE JTE R . PIRPE T REIRSS I (L IR IE 4 PR o &l 4 M B R 7EZMETE R T , REVRZ5 14 JL
FBAZA MAELR S ERIE R T, BRIRG R AERAE AL W IR G B RIR ST RIS B S T
WA FE Lo
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*6 EHBERMEMNEBRESEERHENUREEFRIERBRE
Table 6 Reduction potential of GHG emissions of INT compared with BAU and the contribution rates of each factor

4E4 Year 2010 2015 2020

INT %540 bb F BAU 1% 5t 25 56 (198 HE: /7 Reduction potential of GHG emissions of INT compared with BAU

T 2 A BHE(E GHG mitigation value /Mt ARHERE CO, 6.3 13.8 18.9

£ FIERIRHETTHRZ Contribution rates of each sub-scenario /%

B IR 5 CES 82.97 79.79 77.80
o5 RENS B IES 1.49 2.76 4.47

HPHLEL 55 5 CHP 11.84 10.89 7.83

AT REE 5 ESB 0.33 0.67 1.21

PLEhZEfHl R MVC 2.48 3.82 5.79

BREYE T & 5] FE 5 DNR 0.90 2.06 2.91

£ 18 HETTER R Contribution rates of each sector /%

F 2 #R1"] Household sector 3.99 3.82 3.47

Tl Industrial sector 84.18 83.53 82.92
2238 #R]] Transport sector 7.13 8.96 8.88

k] Commercial sector 4.70 3.70 4.74
ZEH SR G5 MU HE ST BR#R Contribution rates of structural mitigation and non-structural mitigation /%

ZE Y8 HES Structural mitigation 74.60 72.46 68.25
598 HES Non-structural mitigation 25.40 27.54 31.75

e f PR BTN E, 20 B L J S0AR B 7K S L H JLNG JRASR T R B BB 4 L RIAE ) B A B R, DR R A & B ™ 5 b By
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Fig. 4 Structure change of energy use for the BAU and INT

AL SR DRI 5 W 45 050 S T JEUH 5 W R4 AR\ LING PR SR A4 T o

3.4 HRARTE
SRa DA EIHRSER AR, TR R T RN 15 REDCHEE J1 R KR TR U 7 BRI HR BUR
FEEZATAG NP : — R B B REOR Ao B _E R BEIRHE S 2R i AR T BB HR B, X
A5 S HACRA R . SR E By RERHE R 2R A8 T RIS B0RT A1y BRI BAR B . B 17 BB

http ://www. ecologica. cn



3366 g & ¥ ik 30 &

HERCR B0 (A SEHXE BEAR K, TR D Aiolb R AR BB RS 7 BRI HE S AR B & R TR B B NA SR Y, ST
JEAS T R T PR I, Ak R B BB B . RIBURTES | S 4lk SEBUT BEISCHE B A i 2 78
G RAE WA BUB R 5 SV A, ZHEAR L 7 BRI HES DT &, #E 31y BRIHRE 00 B BRI R . K
FETRIT 71 RE ML HE 200 I B B E RAR SRR GURE A RE i A B HE (8 A, L STt nfE B2 B A/ , T3
BHRCR & LB . SCEERTTAY T REHEBUR £ 2 R BI S O A FE M KT BRT @i Mplsh %
], AT E R E 25K, 5 3 T A0S p e B, X AR , B T] Y R SERCR B

AW FTEAENBOR- 15 5-S RS R BB, A B T AN AR — BB BCEOR g R 158
it ; —RBRBERSEHW S B BE . XMW RBNEBEEERREE LEAP AL [T R 4R 5
HERATE AT SRR AR 2k o BACSR A SI T S0CR R BT 9 2R S B4 BRAS A R BUR AT 4R AR B SR B .
BRI SRR B, 15 BEICHR BT TR KB 7K, T A BN BUY A9 19 BERHE B AR 58 MRS B 1)
SHATE OB RS BMBORS . #IPAS B BERIR T HHF RS SCHR, A8 =W
MR/ TBR S EIBOE N Z AN EMERER , B 57 KRR E . HBORS BN BE ™ 5 i 5 B
i, RS R AUER R RITHIT 0. IXIRE WA IEFRZ RS — BT AL , B i 8] A 4ER2 A b2 1E
BORS M. M TBORSEUNERL, A4 30458 KRB BUN T TRBT & R SR A LI SBBUER . AT
TR ZE R 32 LA LR S R BRI A1, 3 52 R Y F) S5 4 R DR B Pl SRt B DRIk, LEAP A7
TSSO VR 1 | AT SR M R 20 B e OB T 3 P B i B s AR A T S A B
4 #Hit

ACESSER T LEAP RERL Al iy 19 BEICHE A S A I8 , 7R LR Al b LAUJRL T N SEBRIT R R 01, -5 T
LEAP-Xiamen #2584, 455 7T SCPRIGOLBEHT T HERLHE G155, B R4 R, JI T E &4 5 1 — &5
T REIHFBURAE B R 4F SR B 0L T H0A E R TT REIRHRE J1 o ABTSE I EZEBT -

(1) ZERAERE ST, BT REVRIN 2t B R AR K 10.5% , JI ToHb X A4 7= S EAEREAE KRR 1.37% IR E
SAEHEURS B K 10.08% ; MRS & #E M 1E 5T, BT BERIE 3¢ B B AF I8 K 9. 13% , J7 T IX A= 7™
EMEREFEFEIREAR 2. 59% , IR EAHCE BFEIK 6.94% .

(2) \FRERI A TR , 20077 BESRAEZE 2010 R4 17 RE 123 J7 ¢ AnvESE 9T 17,2015 423K 81 297 J7 45
HESE,2020 43K 463 J7 t RESR . B BHEIEA STIORT , 15 TSR AU It 1Y BERCR S s NIk A
TV R YT REYE Sy Bk, FR A R SSE AR EERR

(3) IIHER A1 BT, S IUBHEE HE1E 2010 4E 345 BiHE 6. 3MICO, 99 77,2015 435 %) 13. 8 MtCO,,2020
AEIRE] 18. 9MCO, o A FHETIE A9 TR , T TE ARRHE AR TR 5K 5 R T IR, Tkl ] Ay el v 7 B¢
K NBEIREHRTE , SRR TE K.

(4) LREWTTTH% IE , 5T ORHE UHE I A 7 RE TR HRSSCR S, TV AR T 719 BEWHENE J e ke b, AR
PR3 X 4 RE VR S AR S I AR A 8 R o R I HET I T AR P TS b 3880 ] 971 RERHE A AL A ki
RETRSE A0 2 A FRARBIIR T A9 2B A2
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