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Calculation method of whole life-cycle energy consumption for
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Abstract: Based on the whole life-cycle theory and the characteristics of urban rail transit, the
concept of whole life-cycle energy consumption was proposed, and the whole life-cycle of urban
rail transit was divided into five stages, including plan and design stage, equipment and material
production stage, construction stage, operation and maintenance stage, demolition and disposition stage.
The mathematical models of energy consumption for 5 stages were set up, the energy consumption
of No. 5 rail transit line in a northern big city of China was quantitatively analyzed by using the
mathematical models, and the total energy consumption of whole life-cycle and the energy
consumption in every stage were calculated. Calculation result shows that the energy consumption
proportions at the five stages are 0.004%, 24.391%, 3.884%, 68.613% and 3.108% successively
during whole life-cycle. The energy consumption of operation and maintenance stage is biggest,
so the operation and maintenance stage is the key point of energy consumption control. The
energy consumption of equipment and material production stage is the second biggest, the use of
green energy saving materials can play an important role in reducing energy consumption. 7 tabs,
1 fig, 23 refs.
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Tab.1 Energy consumption condition
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Tab.2 Life-cycles of operating equipments
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Tab.3 Unit energy consumptions of different transportation methods
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Fig.1 Energy consumption structure
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Tab. 4 Main project quantities
i H 2 TR R i H 2 TR R
32 4707 /m? 404 899. 8 UGS A h /m? 329 069, 87
BTN/t 2 723.76 RN/t 1177. 64
KA/t 528. 1 FERT S A/t 575. 61
¢ 5+ IR 1/ m? 69 580. 64 B Ao W55 ) VR BE £ C20/m® 58 050. 79
g R HESE /¢ 12 489.58 WK/t 2 851.02
@ T/t 2 710. 48 . TR/t 9 256. 87
13;!: I 590 A VR O/ 9 964. 41 % R/t 1916. 27
[ 7k C30 JR#E +/m? 79 015.78 ;FZ 5 B B A7 IR BE 1= /m? 29 359. 44
HORE IR 1+ C20/m? 6 102. 24 ¥ B 7K IR B AT ) C30/m? 66 900. 83
TR/t 10 132. 95 B R HE 75 VR E - A/ m® 21 324.28
Bij K 2 % / m* 211 464. 26 R EE+ % C30/m? 10 415. 82
JE A4 s B PRI /I 3 F ARG A7 /o 12 061. 88
JE M) 2 PR B R B /I 3 B/ 1117.43
= TR B/ m 114 Bj 7K & 4/ m? 89 788. 24
§ 3 432/ m 700 B FEL 5746 4 L 678/ 19 674, 92
i 4 B /m 7939.37 A BALME T BE R L/ 36 075. 1
R R 16 783. 15 i PERIBESFIREE L C20 B L/mb | 77 629.31
T AT /¢ 6748.79 % TR BE A DUNE 52/ m® 3 718.65
+ 75 /m? 210 907.17 L BBl 477 235 K 4 7377 / ¢ 11 656. 13
+ 5T 4% /m? 12 972.19 A4k b 1/ m? 100 960. 08
LR BRI & 1/ m® 31 768. 29 PRk 1 CT-#E) /m? 22 184. 14
HE T] 055 55 C20 3R ¥ L /m? 5 626. 84 iﬁ B s i GR I /m? 24 212. 33
% TR - THURR IS AR M 35k / m® 21 472. 64 ;T; o0 W 22 Tt / 3 469.99
fa 7 5 B AR -/’ 7 663. 44 e B 5/ 78 674. 23
E‘ Ba g/ m 8 471. 65 T s T/ 15 271.7
IR B8 6 R IR BE 1 /m? 40 499. 66 %45 /veh 366
F R EE L /m? 2 367.25 I A5 2k B LA/ km 55. 2
FIEWEE L/ m® 1735.08 ER R TEE WS 23
TG R/t 24 240. 9 PR e FhL L s s R 5 2 23
Wiz A )y /m? 843 171.7 LY WS 23
C25 & Al /m? 2 697. 95 o {55 L& % T/ km 55.2
i FARGEH IR EE - /m? 96 404.17 fe 28| W K IR A 7 H T /s 19
% TRBE L5/ m? 16 322. 85 W& FE 725 B, 7 / s 16
% TRBE 14 /m3 46 801. 83 Hefh B/ m 61 600
& R 38 380. 18 Wi SR RS 23
5 7K / m? 133 414. 93 BRI 125 /11850 1104
v R A9 A IR 5 1/ m? 2 749. 37 EESIER Y R a4 212




96 X @ E W I OB OF R 2014 4
x5 FEWMHERE BrlT]. 22id 8 i LA 4% . 2010,10(1) : 82-87.
Tab.5 Main material consumption quantities CHEN Jin-jie, CHEN Feng. LIANG Qing-huai, et al.
B 2 Sk Bl Whole life-cycle cost analysis of urban rail transit[J]. Journal
s ) B
of Traffic and Transportation Engineering, 2010, 10(1) . 82-
1 3 11 951. 81
A /m 87. (in Chinese)
B/t 263 789. 60 [ 2] ADALBERT H K. Energy use during the life cycle of single
R A/t 209 486. 88 unit dwellings: examples[J]. Building and Environment,
2
WA/t 15 944. 37 1997, 32(4): 321-329.
T 38 358, 35 [3] RAMESH T, PRAKASH R, SHUKLA K K. Life cycle ener-
gy analysis of buildings: an overview[]J]. Energy and Build-
3 IKIE/t 733 421. 40
K/ ings, 2010, 42(12) . 1592-1600.
b Y y | 4 N ETPNIETS oy
! o 907 788. 72 D47 e, 3T 4 75 o A0 A RE T3 10 2R 570 W BF 9 (D).
5 WA/t 1162 412. 40 eyt HB T 2%, 2007,
6 231 kg 1 351 200. 00 FENG Jian-xue. Research on the building energy saving strategy
7 L/t 8 064. 00 of China based life-cycle energy analysis_ D]. Tianjin: Tianjin
.y University of Technology, 2007. (in Chinese)
8 B 7k %44 /m? 389 819. 38 o N ‘
[5] 2k We.BR == st R s e R IR sE ki = w10 .
2
9 A6 HLTHT /m 100 960. 08 AR R 2240 AR B2 RR, 2010,50(3) - 330-334.
10 HOBERS 1 (T HD /m? 22 184. 14 ZHU Yan, CHEN Ying. Cases for life-cycle energy consumption
11 Bk RS 1 GRIED /m? 24 212. 33 and environmental emissions in residential buildings[J]. Journal
12 B I V5 7/ 3 469. 99 of Tsinghua University: Scienence and Technology , 2010, 50(3):
330-334. (in Chinese)
13 R /m? 78 674.23 . o e A . . N
[6] BR 22,28 M 12 gt 50AE i 8 30T REAE S oF B HEosss i [ ]
14 KAWL/ m? 15 271. 70 WA B2 HAREL SRR, 2010,50(3) :325-329.
15 K/t 1381 209. 40 CHEN Ying, ZHU Yan. Models for life-cycle energy consump-
16 B,/ (kW « h) 35 883 925. 00 tion and environmental emissions in residential buildings [ ] ].
56 HEE Journal of Tsinghua University: Scienence and Technology ,
BFIE=E
2010, 50(3): 325-329. (in Chinese)
Tab. 6 Passenger transportation volumes o s - . o
} } ) - - - T L7] skl W 0l 2@ RG 5] REWReAEM 5 (D], dbat:
A JiE 2007 4 | 2008 4F | 2009 4E | 2010 4F | 2011 4F | 2012 4F | jmiy e N
o Jb 5t 38 38 K 4=, 2008.
H?}Jé;/ 1302 | 1467 | 1958 | 2241 | 2612 | 2825 | 4030 ZHANG Yan-yan. Study on the power consumption of traction
N
PETTe and station of urban rail transit[ D]. Beijing: Beijing Jiaotong
AT -
e | 10912 | 12586 | 14260 | 14570 | 15 252 | 15 996 | 18 414 University, 2008. (in Chinese)
57 SR [ 8] MM HAG, TR, . 35T [T AL () 3 T 38 52 3 i
- RE
Tab.7 E Gion £ . FE T3 7 38 SCE WL LT . Rl B0l 2@ F 5, 2010, 13(12)
ab. Energy consumption for every stage
22-25.
A7 i L B B fiE#E/10° MJ tetl/ % YANG Zhen-ming. YUE Ji-guang, WANG Xiao-bao, et al.
KA i B B 3910.0 0. 004 Prediction of urban rail transit power consumption based on
B R R B 25 150 094. 3 24,391 regression model[ J]. Urban Mass Transit, 2010, 13(12);
N 22-25. (in Chinese)
HE TR B B 4 005 456, 7 3. 884 ' mese
. Lo BI Ak.Z8E.F 0,5, Mk B RS RERE T &7
=4 % 70 748 884. 3 68.613 S —
AR B Al S L) . T B3 S BF 7T 2010, 13(8) £ 35-39.
WIBAF IR M AL B B 3204 365.4 3.108 MU Guang-you, LI Xiao-long, YIN Li-ming, et al. Energy
A1t 103 112 710. 7 100. 000 consumption and energy-saving of lighting system at subway
W N N i stations| J|. Urban Mass Transit » 2010, 13(8): 35-39. (in Chinese)
KOs T SRR BR 19 4 A i R BT REAE L RE T [k ‘
N E . B L3 7R 4 B R B DK % R AL M B D .
S 4R : 0 ‘i‘; = N I . e §
AT P X BRI R B35 v it B e AL S % 2011,
N==3
Nl $‘ﬁ$ﬁ o WANG Yu-ming. Quantification analysis on the energy factors of
. he urban rail transit system [ D]. Beijing: Beijing Jiaotong
5 % Wk ‘
=z £/ N
University, 2011. (in Chinese)
References : SN e . _— v
’ [11] BREMR. G T4 R 9E R. B3 3¢ 30 2 150 X IR i A 25 B 5% 52 iy

1]

WRIEZS Wk U TR ML S ST 038 5 4 A i R I A

IR LAPY L IR T LB Sl 2 SR I ] A 5 IR



%4

Rt E R THE B LSS AT L F & 97

(12]

[13]

[14]

[16]

[17]

[18]

4 .2007,7(3) :68-71.

CHEN Ai-xia, GUAN Wei-sheng, CHEN Kuan-min. Analysis
of impact of subway transit construction on urban eco-environ-
ment—taking Xi’an Urban Rail Transit Second Line as a
sample[ J]. Journal of Safety and Environment, 2007, 7(3):
68-71. (in Chinese)

FRABET, B 5. He Atk i RT3 0t S R G 1) A e .
AFFH#,2008,24(10) :23-27.

CHEN Wei-ke, LUO Fang. Research on building energy con-
sumption based on whole life cycle theory[ J]. Building Science,
2008, 24(10): 23-27. (in Chinese)

WA . AP AR R g0 A R P AR R S R e (DL
b PR R A, 2008.

HUANG Zhi-jia. The model and case study of the life cycle
assessment of building energy systems[ D]. Shanghai: Tongji
University, 2003. (in Chinese)

i SRR A SR RE TR FE R LR SR R m B 5 (D]
LA < DY 1T KA, 2005.

ZHONG Ping. Study of building life-cycle energy use and relevant
environmental impacts[ D]. Chengdu: Sichuan University,
2005. (in Chinese)

YOHANIS Y G, NORTON B. Life-cycle operational and
embodied energy for a genetic single-storey office building in
the UK[J]. Energy. 2000, 25(12); 1137-1148.

JBUIH 42 » AR » 43 N7 FY [ A SR B R 0 1 A i R T A L .
B R G ARBHE AR, 2006, 46(12) :1953-1956.

GU Dao-jin, ZHU Ying-xin, GU Li-jing. Life cycle assess-
ment for China building environment impacts[J]. Journal of
Tsinghua University: Science and Technology , 2006, 46 (12):
1953-1956. (in Chinese)

ETH B 0 A b IR B SR b I ) AR AE TR
WrsE ()], i E BBl 24.2013.34(3) : 133-136.

WANG Zi-jia, CHEN Feng. SHI Zhong-heng. Prediction on
medium and long term energy consumption of urban rail transit
network in Beijing[J]. China Railway Science, 2013, 34(3)
133-136. (in Chinese)

3 A U4 0T B3 258 REAE R e R R R S r e LT .
HRTT PRSI 2012, 25(2) 1 41-44, 73,

YUAN Hong-wei, KONG Ling-yang. Study and calculation of
influencing factors on urban rail transit energy consumption[ J].

Urban Rapid Rail Transit, 2012, 25(2): 41-44, 73. (in Chinese)

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Je L Ye. S 3 A FR R HE O I R AL R A A i (D
R AR R, 2012

LONG Jiang-ying. Evaluation model and optimization method
of urban passenger transport system based on carbon emission
target[ DJ]. Wuhan: Huazhong University of Science and
Technology, 2012. (in Chinese)

Bk ¥ w28 0B AT AR AE I B 07 vk R K ) R A
S3HrLD]. Jb st b5 38 KA, 2011,

CHEN Tao. Traction energy consumption measuring meth-
ods study and quantification analysis on energy impact factors
of high-speed train[ D]. Beijing: Beijing Jiaotong University.,
2011. (in Chinese)

M B BORAE AT WL AR T AR T B A A g I
FRHEl 7 g mhaE ) ], el s i R 48 T2 5 15 8, 2009,9(3)
43-50.

BAI Yun, MAO Bao-hua, ZHOU Fang-ming, et al. Energy-
efficient driving strategy for freight trains based on power
consumption analysis[J]. Journal of Transportation Systems
Engineering and Information Technology, 2009, 9(3): 43-
50. (in Chinese)

LIAO Fei-xiong, ARENTZE T, TIMMERMANS H. Multi-
state supernetworks: recent progress and prospects[ J]. Journal
of Traffic and Transportation Engineering: English Edition,
2014, 1(1). 13-27.

R IR . M B AR VR R e B L) . 3 B 3 sl F Y
2012,15(12) :24-26.

SONG Xin-qi. Design of electric energy management system
of subway stations[J]. Urban Mass Transit, 2012, 15(12)
24-26. (in Chinese)

SEMEIDA A M. Derivation of travel demand forecasting
models for low population areas: the case of Port Said Gover-
norate, North East Egypt[J]. Journal of Traffic and Trans-
portation Engineering: English Edition, 2014, 1(3): 196-
208.

AW BHEM. K A% ARBEIRHscE RE4 50
WF5E[1]. #eili2E 4R ,2007,29(6) 1 106-112.

KONG Ling-yang, LIANG Qing-huai, ZHANG Yan, et al.
Study on traction energy consumption of linear induction motor
rail transit system[]J]. Journal of the China Railway Society,

2007, 29(6): 106-112. (in Chinese)



