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Influences of rural households’ income differences on living energy consumption

and eco-environment: a case study of Jianghan Plain, China

YANG Zhen "
College of Urban and Environmental Science , Huazhong Normal University, Wuhan 430079, China

Abstract: As a result of the rapid development of industrialization and urbanization, the pressure in reducing the
greenhouse gas emission is increasing because of incremental demand for energy in China which is one of the largest
developing countries in the world, and there are immense rural regions as well as a large amount of rural residents in it.
During the process of rural modernization, the residents’ income and the living level have greatly improved. In the
meantime, it can be obviously detected that the living energy consumed by rural residents has risen strikingly recently, and
the main energy consumption is transformed from biomass energy into modern commercial energy which would certainly
worsen the contradiction of demand and supply in domestic energy market, and would impose a heavier stress on dealing
with the problems caused by climate change. However, only a little attention has been given to energy-saving and emission
reduction in China’s rural regions due to various reasons.

Jianghan Plain, located in Hubei Province which is a central district in China, is an alluvial plain formed by Yangtze
River and Han River. It serves as one of the most important and typical commodity grain base in China and has the strong
heterogeneity both in natural and humanities geography. This thesis, taking Jianghan Plain as an example, has obtained the
basic data through household surveys and investigated how different income of rural households affected the choices of living
energy by using Analytic Hierarchy Process ( AHP). Then, the emission quantity of CO, CH, N,O is evaluated according
to the emission factors. In addition, the ecological footprint model is utilized to calculate the living energy’s eco-

environmental effects based on the income level. The study results show: (1) households’ living energy consumption is
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distinct according to different income levels which result in energies of diverse properties to be chosen. High-income
households have consumed much more electric energy which is sanitary and clear, while low-income households prefer to
firewood, straws and other kinds of non-commercial energy which are economical. (2) In terms of different income level,
there also exists significant difference in the consumption quantity of living energy and eco-environmental effects. High-
income households have consumed energy of 533. 89 kg per capita, 25.24 kg more than low-income households and 7. 32 kg
more than middle-income. The energy footprint made by high-income households is 2. 1569 hm® per capita and reaches 5. 87
and 2. 58 times respectively than low-income and middle-income households. (3) With the rural households’ income
increasingly rise, the trend of amount-increase, commercialization and high-carbonation of energy consumption becomes
more and more obvious. The growth of the total footprint comes mainly from the commercial energy consumption.

It is demonstrated that the transition of energy consumption construction occurred in China’s rural regions, on the one
hand, has worsen the contradiction of energy demand and supply, on the other hand, has decreased the function of
government endeavor in deducing the industrial emission and in coping with the climate change to some extent. It is also
illustrated that it is necessary to popularize the effective energy-saving and emission-reduction technology in vast rural
region. Obviously, this research would be helpful to understand and solve the increasingly serious problems of energy

shortages and greenhouse gas emission and provide the basis for China’s rural energy structure-optimizing issues.

Key Words: income differences; living energy consumption; ecological footprints; rural households; Jianghan Plain
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Table 1  Characteristics of households grouped according to income

1545 Tlem fRiA e A EA KN
Low-income Middle-income High-income Total

Y 4AHRE Group standard/ It <2000 2000—5000 >5000 950—8500

A1 55 5 Household included 47 139 31 217

JIT i A5 Ratio/ % 21.66 64.06 14.28 100

SEEA Average income/ JG 1379 3879 5669 3593

2.2 AFEMCAL T FHREGE #2257

W AR B XA 1 A2 35 T RE 2 45 A 2 i 2 — > 22 H bR R ST R B SR 72, i BUM L JZ 0 A i (Analytic
Hierarchy Process, AHP) #1520 4r , MR AR IREE AN 1 Firzs o Herp 55— 20 HBRJZ | B %8 A= 16 g
FBURRERE 55 2 N UHEN R A A 18 REIR A 2 50V BRI Pl A A RS 4 ANm RS tR 58 =25
2, RR BV LR A RETR LB ALIEF G REAT TR AR R0 4E 5 P R BRI,
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[l %08 1—9 PREEE ARE AR 7 PP LLE S T 0 B TR DUFAS & L 8 I L AR ENENZ % 0T
FAIN T AARIZ B AIWRE R | LA 7 582 45 S0 AR T E 2 4% SR A PR RE R i ied = AR 1133045 1)
WP HRE R R AR S5 R A 1] o, SRAT A5 2 D0 2 AUARXAS R, AR5 MR 0 53 ) — SSCPE 48 A 701 ] B 2 BE AL — S

B bR A LG (ARG IR I R e ) — B . SRS P B O 45 J2 R P LSRR 4521, Ik 2—3k 4,
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Fig. 1 Influence of rural households’ income differences on the living energy choice
F2 REUAKPEFERAREEER
Table 2 Choice mode of living energy of the low-income households
. ZevrE FERITE HEE IR A —
HElR2E R Economy Convenience Comfort Sanitary AU iy
Energy type Weight Order
0.547 0.246 0.124 0.083
#i4E Firewood 0.326 0.305 0.081 0.086 0.271 1
FE#TF Straws 0.326 0.271 0.060 0.055 0.257 2
JBX, Biogas 0.257 0.092 0.237 0.238 0.212 3
% Coal 0.043 0.138 0.302 0.192 0.111 5
HL 77 Power 0.048 0.194 0.320 0.429 0.149 4
R3 PRARPEFERAEREFEEX
Table 3 Choice mode of living energy of the middle-income households
o LoVl A e i T A —
REURZE Y Economy Convenience Comfort Sanitary AU sty
Energy type Weight Order
0.251 0.243 0.267 0.239
HiLE Firewood 0.354 0.233 0.087 0.093 0.191 2
FE#TF Straws 0.366 0.219 0.055 0.070 0.176 4
JBX, Biogas 0.183 0.122 0.262 0.080 0.165 5
% Coal 0.050 0.199 0.228 0.252 0.182 3
HL 77 Power 0.047 0.227 0.368 0.505 0.286 1
R4 BRARPEFEREREFEEX
Table 4 Choice mode of living energy of the high-income households
o P AT FFETE T
TR Economy Convenience Comfort Sanitary AR WU
Energy type Weight Order
0. 107 0.234 0.317 0.342
Fi4E Firewood 0.307 0.199 0. 109 0.106 0.150 3
FEFF Straws 0.335 0.127 0.077 0.082 0.118 4
VHA, Biogas 0. 065 0.091 0.068 0.093 0.082 5
I8¢ Coal 0.049 0.255 0.206 0.280 0.226 2
HL 77 Power 0.244 0.328 0.540 0.439 0.424 1

22 AT LR I R R P EC B SCTE RE IR I 28 5 1, X3 R | & 3 M AN AR MR G AR 4 DR AR IR
FCE KB AMEKIR A 0. 547 .0.246 0. 124 0. 083 ;3 3 7w, PR X &7 38 1 (0. 267 ) A1 35 PE (0. 251)
FLAE St WA (0. 243 ) AL AE P (0. 239 ) 19 TR RR AR AR ; 35 4 S T g A AR 2 6 R IS 1Y) T A 1
FEFIE M de o 561 AR AACER 435010 0. 342 .0, 317 , & 571 (0. 107 ) B /R B A%, FE T RETRE M 1 05
(IANTR], A A A P I RE IR B BRI 22 AR K . SRR PN 7, HL 7 (0. 424 ) RS (0. 226 ) 2 H 5 e Xt
%, HUCH 42 (0.150) FEFF(0. 118) FITHA (0. 082) , E# B AR IR FEAR (3R 4) 5 S A P s B2
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REVIMRCHLTT(0.286) F42(0.191) FEH(0.182) FEFF(0.176) TR (0. 165) (£ 3) s RILAL P
MIRLHTLE(0.271) FEFF(0.257) FHEA(0.212) A EZEXTG X HLT7 (0. 149) AR (0. 111) My #E I8 A0
(%2),
2.3 AR e 2 5

MRAEFR AT R A DUF 2R P 52 b RE SR T 5 0 B8 — B bR e I B0 AT I8 AT, 45
R R PlE A A B A AR IS AR 523,73 T-sidnifid, Hoh  fEFFE 2R L RO, i 56.73%
Bioekz b 35.62% ; HAAR YK gl g BERFITRA, 4890 i 5. 40% (1.40% .0.84% (£ 5) . 4R HRe%E
PSS R A7 35 25 57, AR P AR AR THFE M RE VR B B 22, A 235 31 533. 89 T s bmifE i, 40 1l HLAKK
AT AR P i 25. 24 T SobnifEiE 7,32 T-oabrdEdE, [, & 2R R IRH 2o 8kt A P It AR TR
A 25 22 5 L IRl A R R e A R P X6 357 48 RS R VA0 3 B BB R B9 T 2% L 22 R4 il k98, 32%
93.83% , iR AR PO B AN S B9 B LU B Z R0 17, 019% iR MO P %o v g 2 A58 1 it BE T 2 2
Z b AR P NREFE T2 0 A= li . e dr e P, B = AR R -5 i & BB IR T 2% HL ZE 4300
93.19% .6.81% , A H A A A= 16 FH RB 4544 i SR Z oo b ka3 (B LUE R BBV b 32 3 i S5 M R EATS 85 1
YRR, AR R B AT A B RE VR | SR AT [ R AN AR T [ 3 R R A B
AN, TERTE#EAE T HA 69 R FH AR, AR =02 —, REETETERNS &, B R
21t 36.87% .

RS FARMARPABEETREHNEEZS

Table 5 Living energy amount of rural households with different income

RETRE A A CALVON A

Energy type Low-income Middle-income High-income 2 Total
B4 Firewood/ T FoARMER 196.00 189.99 156.87 186.56
FE&FF Straws/ T SEAREAE 298.73 299.38 284. 64 297.13
TR Biogas/ T wi bRt 5.40 4.70 1.56 4.40
S Coal/ T FUbRUESE 0.82 7.49 16.54 7.34
7 Power/ T se b ifiE i 7.71 25.01 74.29 28.30
A Total/ T SEbrifESAE 508. 65 526.57 533.89 523.73

GEAF 22— S, R IUVEA XS RS P ) A 36 I RE SR BRI 5 1 SR ARAE | LLEAT A Omar R %5 A $2
R BEVE B ORI S HE 2R ) —— R A K s, X RE IR AG &F 38 M . T AR 1 3 A v ) SR Al g s AR A By
JE T 2 M T S8 AT S < 2B A BRI AT R | RSO 2 U A 2 b (s I e | fL O S BRE AL BEUR L E—
A HTIE K B WA B AR P R IR T oK 2 46 kb i 0 T, T o b ok Ao B R T R B 19 90%
FHRER B Z 5 SREFE b I A R PHAE3SE RIS SO IR AR 55 NEFE M RE IR B B 2 R AT
FIRTH T LR S Anrh AR P R T SR L AN 6. 17% (17.01% , 348 3 v TR A
RS 1.68% , FHN TS IE—Fh LASH IS AR W2 R AT IR RE IR = — , B #00 WA
R, HUR RIS 2—38 5, A WA B MERSR TR S RE IR FL A A TR A KA A A AT M DX (T, i
FCAKTE B 55, ARAS BB AR AR I A pe VA ot 248 47 DRI X (A IS et 58 2 [ AL BV ) A 4 1
# B T BE TG RO MR A AR 1 % SR A VA S I
3 ARABANRPEEHEBHESHEINER

A A S FHRE A A A5 IR0 LA i A 25 A PERRAE , AR ORI AR 25 R a4 R R AR 48 A, 44T JEL %
by H AR TPCC T2 SARHE R 33 p 4R A AR D k0 b P AR 38 T BE P A2 9 €O, \CH,, \N,0 %%
BRSBTS SR FEYT AR AR R (0 AR 25 R 30 | %o A S R BE Ak AT 58— AL AL BRFN 44T
3.1 RESRHA

AR AR RR RN 9 A B TR S SR HE R A A S i (1) BiR . Hoh, Q08 AR P AT HTRE AR Y
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CO, .CH, =% N,0 HFBUE B, j AR P X REIR S Y ¢ A2 P il S i $e b e BTt €, 0 j AR P I SR BE TR 4 B9
CO, .CH, 5 N,0 LN 130 = 1,2, -+ 5, 70 RS AT 83 M U365 Bl R 2EREIRAEHL

O, = ZBM% ()
i=1

AT, A R 7 50— H(2006 4F TPCC EI KR % SRV BRAE R (45 — 4%, BRIR) ) At iy
B L TR A T IR S S CHE IR G R P A SR i HE R (7 348 B S
HERL A 72 IR AR R MR R AR B R4 (LR 300 RS AT B0 HE R PR 32 BRI (A A= 400 Hh FC A 3 22 [ R Ay
AR BRI RIS IR A W i HE R AT B, ol T8 g v BRSO 7 B8 e/ T, 3 HE
AR A A R ST AR R R — e 0 o/ T oebnvfEE . 53 40, TR 5 XA A 05 i 0 22 D09 ISt i
BRI 0. 8) T A HL A= 7 22 AR A S Al A REIRAE OB, e 7= A= 1 i BT 2 R R R i = <A
(1 St A, AR DG BB DR J SR B g/ (KW -h)

3.2 MRS IE

S TSR K, CO, M AR 25 R IR 0 B AL A1 AR VR P38 CO, RN BE J1 (5. 2v/hm® ) YT
5N, 0 il CH, A= 285 AL 083 iof HL 4 BRAZ I 734 ((global warming potential, GWP) #7535 H HIBL Y CO, 4 B {H S
AT T (2) Bs

1
EF o, xp0,0n, =EF o, + EFy o + EF gy, =5_2( Qco, + GWPy o X Qy o + GWPy, X QCH4) (2)

KA, Qco, Onyo ~Qen, 73 B AR AL TG BERIN 9277 A2 19 CO, (N, O, CH, HIF &, GWP,, .GWP, H N, O,
CH, 4 BRAZ BV 405 B 310 21,
3.3 AR ZE ST A T FHBE R AR

HRF Bl A A P Sz AR 3 T BB AN (1) 52 €O, \CH, N, 0 AIJAEHECE I 75 g A 25 0 3 A
4°0.9236hm* , Horr ) Hi S8 R i AR TE AR B 2 98 T 7 2 3843504 0. 0684 0. 0852.0. 0010
0. 0029 0. 7662hm” , fT (5 F 53518 7. 41% 9.22% 0.11% 0.31% 82.96% (F6) ., Hirf, B Sy 25k 4 Ha 44
XIPEAHAT , LT A 4 JERE IR 2 SR 4. 87 522 o TRAUR I il )y, FLIR R =234 TR AT 9% 6
B AR E SARHEOR RN T, 26 6 38 WS, A8 5 A 3% TR 0 Ak 25 8 DS A AR [) T A7 AE 35 2%
5o mAR AR R 2, R 2. 1569hm” , 43 B ARB AR il AR 7 11 5. 87 2. 58 £% ., [AlH, AS[F]
WA FREVR G FH B R 300 2548 25 St e A R, ARUBC A AR P 118 3 2 J2 b | s FF R 5 5 ¥ A5 ME 38 HL 1) 22 Gk
43.16% AR BT RE IR L 78 55 B ol BE YR A 8 AH 25 AN O T b AR T R L g AR 3 T A 4 i Ry
81.29% ,93.54% , i fi BE VR K 30 (5 H8 246 X A0 4 o7

£6 TRBANKPAHESETER

Table 6 Ecological footprint differences of rural households with different income

e R A Flt A I ON EXCS

Energy type Low-income Middle-income High-income Total

4 Firewood/hm? 0.0718 0.0696 0.0575 0.0684
F&#F Straws/hm? 0. 0857 0.0859 0.0816 0.0852
T8/, Biogas/hm? 0.0012 0.0010 0.0003 0.0010
% Coal/hm? 0.0003 0.0029 0.0065 0.0029
H1 /1 Power/hm? 0.2087 0.6771 2.0110 0.7662
41t Total/hm? 0.3677 0.8365 2.1569 0.9236

P2 2 1A NIIWCA S R Al BE DR 8 (R g B AR T ) AR R A RE IR (SR AT ST L)
oG RTE Z T A ART O 2R o AT DA B, S A2 A0 MR ot R D00 R 8 RS A 180 8 o 30 ) 2 i e =0 O, Al R i g
EE TR DU DL 52 2 M e (R ARAEHFAE 0. 15hm®/ ANZ6 A7) o R 08 A4 R S SR U T g ot BB ML 8 1) 34
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Fig. 2 Relationship between energy footprint and rural households income
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