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Sensitivity Analysis of Energy Consumption in
Industrial Production Processes Based on Input-
output Model
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Changsha 410083, China)

Abstract: By adding the production, usage, export and loss
of by-products flows, an improved enterprise input-output
model was proposed first, which could fully reflect the
interactions of material and energy flows and more accurately
calculate the products’ embodied energy and total energy
consumption. Then, the sensitivity analysis based on the
developed input-output model was established to calculate the
influences of final demand and technical coefficients on the
It helps to identify the key
The products’

total energy consumption.
coefficients on the energy consumption.
embodied energy and total energy consumption of Xiangtan
Steel Plant was obtained and analyzed. The results show that

more than 90% of the total energy consumption is from fossil
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fuel while the upstream energy consumption of the purchased
raw materials contributes to less than 10%; the by-products
utilizations could reduce the total energy consumption by
62.5% ; the specific consumption of the washed coal in coke
oven, the coke ratio of blast furnace (BF), the specific
consumption of hot metal in 1 # basic oxygen furnace, the
yield rate of iron-containing products and the technology
improvement of BF (e. g. specific consumption of sinter and
gas production rate) are the most important coefficients for

the change of energy consumption.

Key words: input-output model; sensitivity analysis; energy

consumption; production processes; steel-making processes
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Fig.1 Xiangtan integrated steel-making processes
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Tab.2 The embodied energy of Xiangtan Steel Plant’s

main products in 2013
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Tab.3 The top 25 most influencial coefficients about the

total energy consumption of Xiangtan Steel Plant

(based on Year of 2013)
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technical coefficients regarding total energy
consumption of Xiangtan steel plant ( Based on
Year of 2013)
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Fig.2 Key coefficients and flows about the total energy consumption of Xiangtan Steel Plant (Based on Year of 2013)

4 g

BERT VRS , | S-S T 3 T 37 M, Bl 4,

AN = i 0 T R B R A A SRR G A P A
7Y, B RS 2R 5 0 A 4y T A RE A K RS » L BB
T Tk b 37 A B E MR B B 5
SEE R AT S T D SRR FP A [ 4 B e



E3M BERERE , S5 B TS R A P TR B R U A i 433

RE TR T B BEIEAE A= L R BB XT B BERE R /N 424.

WINRYIS N [107 LIANG Sai, JIA Xiaoping, ZHANG Tianzhu. Three-

FIEEE I R NTTHS By 40t R0 R 3 % e A6 52 M 5y o _ o .

N . dimensional hybrid enterprise input-output model for material

%% E/‘Jj':%? metabolism analysis: a case study of coal mines in China [J].
DIMAEN 2013 4FA4: p= 50 dE R ), 1155 22 B 4N A Clean Technologies and Environmental Policy, 2011, 13(1);

¥ N N 71.
RBAE 90 %6 LA L5 14N 1) Ak A HRARHITT S NIA PR C17 Yamn D M. Constructing ioint production chains, An
. azan . Constructing joint production chains:
etk 0/, H 0 Ak £ 2

Laﬁﬁbﬁ;ﬁ’@ 10% ’ BJ FE HH Hh%ﬁﬁﬁ%{fﬁ%ﬂr H/JE" enterprise input-output approach for alternative energy use

BE#E, E‘W%UFH*;HQMQI\T 62. 5%%;&?5%;%”35@‘ [T]. Resources, Conservation and Recycling, 2016, 107: 38.

ﬁl\ ﬂ@{ﬁfﬂ%ﬁ Ef"] $ﬁ\%ﬁ9:ﬁ I %H 1 %%JP E"J@UJ( $ [12] Alcantara V, Del Rio P, Herndndez F. Structural analysis of

TR 2 e . 2 electricity consumption by productive sectors: the Spanish case
FEEXTREFERE M W E W =B B E AR
N N [J]. Energy, 2010, 35(5): 2088.
Pragisal — . oL B ) . . . . .
'f’tﬁ@? ﬁ ()ﬁ%ﬁijﬁtﬁ Eijff 3%% ’ f[:ﬂ‘%' IJIE% ke, %én [137] YuanC, LiuS, Xie N. The impact on Chinese economic growth
PR Pm R X = 2R R BIRHNE S8R and energy consumption of the global financial crisis: an input-
b 52 = 5 < output analysis [J]. Energy, 2010, 35(4): 1805.
f 1 PRI o 42 45 B 9 1 2 R MACASS 0 B 1 2 put analysis [J]. Energy, 2010, N
. [14] Tarancon M, Del Rio P, Callejas F. Determining the
ﬂj@ﬁ f%@’ﬁfﬁﬁ responsibility of manufacturing sectors regarding electricity
consumption: the Spanish case [J]. Energy, 2011, 36(1);
SEXH: i
[157 Yuan R, Zhao T. A combined input-output and sensitivity
analysis of CO; emissions in the high energy-consuming

[1] Lin X, Polenske K R. Input—output modeling of production industries: a case study of China [J]. Atmospheric Pollution
processes for business management [J]. Structural Change and Research, 2016, 7¢2): 315.

Economic Dynamics, 1998, 9(2): 205. [167 Yan], Zhao T, Kang J. Sensitivity analysis of technology and

[ 2] Polenske K R, Mcmichael F C. A Chinese cokemaking process- supply change for CO; emission intensity of energy-intensive
flow model for energy and environmental analyses [ J]. Energy industries based on input-output model [J]. Applied Energy,
Policy, 2002, 30: 865. 2016, 171; 456.

[ 37 Albino V, Dietzenbacher E, Kiihtz S. Analysing materials and [17] Hondo H, Sakai S, Tanno S. Sensitivity analysis of total CO;
energy flows in an industrial district using an enterprise input- emission intensities estimated using an input-output table [J].
output model [J]. Economic Systems Research, 2003, 15(4). Applied Energy, 2002, 72(3/4); 689.

457.' [18] Tarancon M A, Del Rio P. Assessing energy-related CO;

[4] Albino V, lzzo C, Kihtz S. Input-output models for the emissions with sensitivity analysis and input-output techniques
analysis of a local/global supply chain [J]. International [J7. Energy, 2012, 37(1); 161.

Jourml of Production ECOnOmiCSy ZOOZy 78(2): 119. [19] %ﬁg’ %'ﬁlv g&m' qjglﬁﬁﬁg\ﬁﬁiﬁ%%q@%ﬂffﬁi%ﬁﬂtrﬂﬁ

[5] Albino V, Kiihtz S. Assessment of environmental impact of Bkt [T Bt . B AREMEER, 2016, 44(5), 773.
production processes in industrial districts using input-output SU Xing, LUO Zhong, ZHANG Xu. Temporal validity of
modeling. techniques [ J J.  Journal of Environmental energy system life cycle carbon emissions in China[J]. Journal
Inf(-)rmancs, ?003’ 1D 7. o of Tongji University. Natural Science, 2016, 44(5); 773.

L6] Albino V, Kiihtz S. Enterprise input-output model for local [207 Worldsteel Association. CO; emissions data collection [R]. [S.
sustainable development—the case of a tiles manufacturer in 1. ]+ Worldsteel Association, 2012
Italy [J]. Resources, Conservation and Recycling, 2004, 41 (519 14X, Wang H T, ChenJ, et al. Method and basic model for
(3 165. ] ) ) development of Chinese reference Life cycle database of

[7] KuhtzS, Zhou C, Albino V, et al. Energy use in two Italian fundamental industries [J]. Acte Scientiae Circumstantioe,
and Chinese tile manufacturers: a comparison using an 2010, 30(€10); 2136
enterprise input-output model [J]. Energy, 2010, 35(1): [22] Norgate T, Haque N. Energy and greenhouse gas impacts of
364. B .. ) mining and mineral processing operations [ J]. Journal of

[81 Rlisghal, FEAK. RETWREER (M. LM RIEKF AT Cleaner Production, 2010, 18(3): 266.

#t, 2010. o ) [23] Marinkovi¢ S, Radonjanin V, MaleSev M, et al. Comparative
LU Zhongwu, CAI Jiuju. The foundation of the systems energy environmental assessment of natural and recycled aggregate
conservation [M]. Shenyang: Northeastern University Press, concrete [J]. Waste Management, 2010, 30(11); 2255.

2010; . . [24] Jiang R, Wang H, Zhang H, et al. Life cycle assessment of

[o] Eﬂifu’ ﬁji%’(’ JZEAE, 5. E_ﬂ:&/\}t &ﬁiﬁ‘]ﬁﬁﬂﬁ}?% cement technologies in China and recommendations [J]. Acta
AREEREFE TR 0HT L)) SRBURHERAEAR, 2015, 38 Scientiae Circumstantiae, 2010, 30(11); 2361.

(6): 424. [257 Chen C, Habert G, Bouzidi Y, et al. LCA allocation procedure

TIAN Yugian, DAI Fangqin, ZHOU Zhanghua, et al. Analysis
of energy consumption and energy-saving potential of WISCO
ironmaking system based on input-output model [J7. Journal of
Wuhan University of Science and Technology, 2015, 38(6):

used as an incitative method for waste recycling: an application
to mineral additions in concrete [J]. Resources, Conservation
and Recycling, 2010, 54(12); 1231.



