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T HNA AR R EL 8 T2 b PP ax , JLyAass
Aiv HOTERBRTE . REAAER, AP R s X K T3t Rt ™
HHIX 2 —. LS TR R, T3S 8°C,
AR 468 mm. EEHALE 1405~2 857 m Z[f]. 2010
4, RN D s 286 ANkn?, AL 3000
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Fz1 2AWNFERE N
Table 1 Situation of two villages
. X QZ/ RF >/:‘\‘El >é 32 0L .
H# w o B EAGE pkt RSSO ORI Pkt
Village Elevation/m ongitude an fnuataverage Precipitation/m armer s aniual ne cating Fuels
latitude temperature/C income/JG facilities
T A N35°19'16.1" e BN LN AN
Gaoyahan village 1754 E106°630.7" 7 492 2835 RS T
M N35°19'7.5" P e N TN
Xiawan village 2021 E106°1028.1" 7 580 2305 LIS e, g
Fz2 WM EEHER
Table 2 Contrast conditions of observations
RSy THIFH Area/m’ 4 ¥} Material
\ plwn AN
N4 I A ] X . J X .
. X House — AVeREC e g mmowm O w1 @ RW
Village Item - - persons Kang . Kang .
orientation Wall Door Window Roof Floor Wall Door Window Roof Floor
per surface surface
household
e A mpes AR IR 53 420 518 57 6.5 365 32 it -
, EAR sohite+
Gaovahan frgkpr AR 5.5 441 518 57 65 365 32 MR A O
village v AM mm wgge CE
TEH O me At 5.7 420 4942 20 325 21 192 . K o DHE
. b ¢
Xlawan = ppp alou 45 418 4742 176 316 223 194 ke *
village
le Mhpea HUIR
: “HEANE

a. fEGHURER
a. Sketch of traditional kang

A1

Fig.1

TR S

b. MEFhR R
b. Sketch of suspended kang

AR TRLEY T B A BT ObLeY PSR4 A B

c. MBUIRKAFEEE

c. Internal structure of suspended kang

Sketch of traditional and suspended kang and internal structure of suspended kang
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12010 4F 9 HAEm BRI . FEATREHLESE 100 XK
R PVHAT N A, A I BRI 1 1n) A 1 A ) B
XA HBERECH 100 4, HIFREUE A RS Bl
AEEM A 18 4, FIRAMINE 82 tre MW LW
i L, BlnEENDEE . SN ZEKT. #
SRS FF SRR . KA B LT b AE TR 1 4 5 K
A BB R AR RR S R L 34, Al
RE T e A3 5 A PAVEP IS R R IR S . JRATT— I M R A
FHRERIAT A, 300k A 7 BT FH R R B AT B3 0 O it O
0k, R T OREIEAEIR. AN, ERAR 10 IR
(IHLIL S = R S22 B S100-ET A1 S100-T i 54
RERCFI0TAN RS BER+0.3°C) , S8 AIIE R o 5 B3k
P T L AL ARAERE 1h B Bhid s 1 IR AN IR E
2010 4F 10 FJ#JZE 2011 4F 3 JIJE) BTSN, &4
L R BBl S A I SR I 4000 A il S B . 7E
GEF, LEFIRET T B R RE AT S G AT L X
KO EIEL0.3 C 2N, AXARZ (AL S 1R ZE 1R D
2.3 fEBVEAT

Ex=>Ce, (x=1,2,---,m; i=1,2,---,n) (D

A WA n FEEI . m NHEFEAR (HPD , e KR
X ANWERAEA PO i FrReIR RS R, CoNEE i
Fh BEVEHT R AL R EL WA x NMFEARRH B B =T & br
YA Ex (kgee) A:

Te=YYpx, (=120 j=12,-m)  (2)

j=1i=1
A PSR | MR AT I B, R SO 2 G A
FRBG xig AHEI T R BEIETY 2% 1S
H, Te AW (ERaZdhlX ) HUmE FH RN 28 1K S 4 5F
}EEZKO

Ts::iijixu(qi+sﬁ) (i=1,2,---,n; j=1,2,---,m)  (3)

j=I i=l1
A Sy AHUEH REN 25 21 CO,. SO, S ARHE S |
KRBT A, Sy W RAEFC IR BRI, #Higl
RIF LRI FK IRk 51 & 1A S A .

3 HR5HHN

3.1 BEREBIVKS

FEIRELR A AR RRIR BHIR A R 2, BB HEfL 48
R IREIE T RS FT . BSe. B B, AR
REVE A R R R R RE, I A7 17 Vit BB 1R < 5 K BH B
IRBEIE EEADRIKCE . IR, K. BRI
TEIWLE 2,

MR )5 ARG, EACRE, TEIRE R A T
YA TE R P AT S AR 2 193.64 kg CHIE T LUK,
Ge— ¥ SEW AT ORGP A AP A
FURAENECh 5 RS, WERKS N TS REVRH of &
Probrlioh 438.73 kg HLAAKE, TEIRERR A& PG
RETR Y PR AT A FRIEAE 4 531.73~644.36 kg/J" 2 1], 1%

T REACT R R AR REAKCT I 7 f5 2. AL, AUER
HAM AT 1B AR BT EEBUI, iy HAC ™ 5] BESEH
WMz RAR K.

w5 2 A Gaoyahan village
as¢

40
£ 35F

RS R Xiawan village

FEFE #ise B &3t Mk ik W KM
K Types

a. HEJH SRR 45K

a. Energy type structure

R kH

WFE Kl M S
F#:Use

b. AEURIH B & 454
b. Energy use structure
B2 FATAE IR AT KL Bl R ik sk Al
Fig.2 Energy type structure and energy using structure of two
villages

MBI ARG R, Wi 2a s, A& DAFG
FFo Bise. Biae. & 3RS Y R N 1 A8 L A
48.52%~53.87%, ERAEFHLLBIN 34.39%~41.12%, i
AR HLBE . YA N B BE ST AR YR 1 LL A A
10.36%~11.74%. LRI W, fEREIEIH e aitd, RN
FEGE I AT REAT = S A, R S BV IR 4 A b )
FLRURE, (EI v AE R A L BT AR ARG« DR A A fiE
PEEH IR AR N Z A Bt . 2 oo 7 n ke,
TEU D AW e A HAN R Ak - & 55 i Rl i, &
A0 B8K t BEVE R Vs e UR A P o

MBETETHE S & KA, k. OB, M. .
T TEIR SR A RE T S ) 5 R R IE. Wil 2b
B, BURE FH 8 CREBURT KO Bt 5 B LL AR 53.6% ~
54.07%, KR RERT I RELLBIA 43.37%~44.25%,
FH L IR SEERT G RELE B4 A 1.12%~1.34%.
0.82%~0.96%-+ 0.21%~0.26%. "W, FZELLEH K
F (R R FH REAE AR A REJR R U J5 T A 50% LA 1
Lo, FHRESE MIAS AR A B 10 HLBR T MR . IR iX
P YRR P AR EAE TR R4, T oss & 4
WREAKF IR B, SR b. Bk,
TR IR EL AR BE YR B 5 3 45 A A A, & — b AR
P

RIE,  AEFET R JE R AR 5 RE U5V 9% PP 2SR H i 45
Ryt dmd b, FRATERE 100 F e AEREAACTR 2 BEYR Y
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Table 3  Statistics of energy consumption for heating of observations

P P iy S
W4 WS i e sk TE I gy TR Ry
Village Heating days  Items Weight Coal Wheat clothes d Y Leaves Y Total
ung dung grass straw
N ey Sy /kg 438.187 — 299.88 644.13 146.88
?’ﬂiﬁ 153 5 Hrhrt/kece 312.997 — 141.243 340.745 73.44 — —— 868425
33{;: 8 (e S kg 452.310 — 477.36 — —— 644.742  920.448
- Yrbr i /kgee 323.085 — 224.837 — ——  303.673 486917 1338.512
ey S ht/kg 625.693 500.41 405.341 129.123 — — —
F Vs 163 " Hrbr it /kgee 446.933 250.21 190.916 68.3061 — — ——  956.36
Xiawan village i LW /kg 646.36 1219.2 — 968.22 — — —
) Hrhrt/kece 461.695 609.62 — 512.188 — — ——  1583.503
F4 WNPFEREERE ST
Table 4 Statistics of temperature during heating period of observations
, il _— - , AR LS
H4 x5 4% D i B BN B bk AR
. : . aily average . . L . Standard Coefficient
Village Items Classification o Maximum/C Minimum/C Range . .
temperature/ 'C deviation of variation
g WU 32.5 549 16.9 38 6.44 0.20
R EER 5 HW 5.52 14.11 329 17.4 448 0.81
Gaoyahan s Bt 35.0 63.6 12.4 51.2 8.54 0.24
village - £y 4.06 14.85 -2.74 17.59 3.89 0.96
=4 0.17 10.92 -10.28 21.2 5.12 29.88
g Bk 45.33 78.53 2225 56.28 9.9 0.21
T "t EH 7.32 14.54 2.26 12.28 2.75 0.38
Xiawan e o 32.29 48.45 193 29.15 4.98 0.15
village “r E4% 5.26 14.38 —0.7 15.08 3.05 0.58
=4h 0.17 10.36 -10.17 20.53 481 28.94

3.2 ZFMEah JRATE 1094.8 TG, A&58 7 BRI IBRRHI 285 A 2

MU TF G AT, I T XS HR M N &
GERCAEAT R L BT v E L5 5 b, SRV e =2k
B3 an o A6 TESTEUBE FH RE T BRI 28 55 A I
T LA SRR D AR R B B I T L BB
AR M AR TS AN BT, 2258 2 AN A
B (R EEA: 20 ot FER: 30 00 RIRTER R,
FEIREL 2010 4ELERIGTT AN A 900 J0/t. FEFF. H4e.
W, BESE T AV, 5 A R R A
JEICHR[2914E H (1) e B ARV T AR o IR FH RE T FH 5%

1695.9 JG, Ja#tbaramt 601.1 JTHIZE A, BiEE
SR A ST T LA 601.1 JRIZRB s, IX 2 i)
BULE B R AT BE P A A s . NI b Bng
HHFTFREHKI 2055 A S 1230.2 76, ALG8 T BUBH AT IR
BRI RASE 1996.7 76, Ja# LR st 766.5 JLi&
GrRAS, BRI A A it ] LAT548 766.5 TTIIZEH L
XA PR RIS RE A 1) A A

£5 HERLEMARRINSFHEARY

Table 5 Economic cost coefficients of household energy

PR 2 0% A R BOETE LR 5. consumption
AUk, 7E3R AR FH BT R R 2 55 iAs R U i H Fitse FERE Lﬁfmk ﬁf i’iz‘
%%ﬁﬁ)‘igﬁ\ H E':] /A\K (2) 2 /I\XM (BIM‘ j‘ E/‘J ;gﬂ‘{_j‘ 1% 7 I"il % ftems Coallkg  Straw/kg dung/kg wood/kg grass’kg
B, RTINS 2 AR FLZE . e
BRI BT AR 55 AR, TEILEK 6. Unitata 090 066 0.63 072 039
B 6 AL, s EE R o B S i FH AR B 22 5 discount/e
F 6 2 UM ERRZER BT A 2 TR A S it
Table 6 Economic cost of fuel during heating period of two villages
W4 #51 it %k = I ot TH Tk i
Village Item Coal/7t ~ Wheat clothes/JG  Cow dung/Jt dung/ % Leaves/JG Dry grass/Jc ~ Corn straw/JG Total/JT
i A s 394.4 _— 188.9 405.8 105.7 — — 1094.8
Gjﬁ?:;jn g 407.1 — 300.7 S S 380.4 607.7 1695.9
T oL 563.1 330.38 2554 814 — — — 12302
Xiawan village 6%/ 581.7 804.98 — 610.0 - - — 1996. 7
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3.3 INEHZES T

MOUA & BN IR T DR, e A AR A
()2 A FH e 0% A 250 2 1) A S R B RIR B i
MATSCE A (3) WLLEH, HEEREE 5 &
PRy N2 — B e W B R TR . AW RS
BREHBRBE BT 1) CO,. SO, Z8ii 8 S AN KA IR EL 1)
SN COy SO, S & AR TR HE IS 1 LA S & Rk 1
IRBE AR 22 5500 T AR A G SCHR 29145 H 1 b o
KAy =S CO, M SO, FIHEBRA 1 0.1 A
0.945 Ji/kg, AHRVFHVENR 7. 55— 2T REHR
i e BRI Se . BT S R R 5K Tk
FRAEAH 2 IO 1200, B A= 25 R G0 A AT At
FL AR RGEMSMAN R, A Y Re A P
IKEAREE, A5 BhKIERATE . B X v R0 - 4 e R 2 o
YERTs AEME 3%+ X, AR P AREAE T 3 HOR A
KBRS IR B KL 0 167.6 0™, 4k, A
T FEANZE [BAR P SR AEHT ST 5| R B I AR S 4%
B, BT DI A RO AR AR, AR S5 7 4 1 A
FER D

*7 HRERREEAAMBIINER A RE

Table 7 Environmental cost coefficients of household energy

consumption
P
K5 wae FE O g omE g
Livestock . .
Item Coal Fire wood Straw Fire grass
dung
CO, HE AT
CO, emission 1487 1247 1436 1320 1436
factor/(g-kg™)
SO, FF A T
SO, emission 13.4 0.67 0.63 0.53 0.52
factor/(gkg™)
Si/(tkg™) 0.161 0.125 0.144 0.133 0.125
Sy/(Jt-kg") 0 0 0 0 0.168

e Sy HHUEHAEN 25 IR COL. SO, A UAHEI T R AL LA, Sy K
REETR AL Re B S HES IR AR A AR i R 5 R I A S A
Note: S;jis the environmental cost of household energy consumption by CO,,
SO; etc gas emission; Syiis ecological cost by collecting fire wood and grass, and
water and soil loss.

DI, FESRAF U T RE AT HTREHI A BT A R U
ERGRTSCA AT (3D T2 A [ 5 Hh R 2 i)
Mol el ARV 2 AR ARSE . bt B
I 30 BT DR B PR E plAS, PR LR 8.

=8 P ERER HA T A A RER R A AR S it

Table 8 Environmental cost of household energy consumption in two villages

NES eS| e pes L 3% HAK E/ S T ot Gt
Village Item Category Coal Donkey dung Cow dung Wheat clothes Corn straw Dry grass Leaves Total
CO, Hijl B /kg  651.58 803.23 373.95 193.88 2022.64
CO, HFBURA/ TG 65.16 80.32 37.4 — — — 19.39 202.27
lm SO, HeMtE /kg 5.87 0.43 0.20 — — — 0.08 6.58
E SO, HEiA G 5.55 0.41 0.19 — — — 0.07 6.22
MR /kg  657.45 803.66 374.15 — — — 193.96 2029.22
R A TG 70.71 80.73 37.59 — — — 19.46 208.49
Gaoyahan CO, Hilt/kg  672.58 — 595.27 — 1214.99 803.99 — 3286.83
village CO, HEMUA/ T 67.26 — 59.53 - 1215 80.4 — 328.68
it SO, HeMtE /kg 6.06 — 0.32 — 0.49 0.34 — 721
g SO ffAsL 573 — 0.30 — 0.46 0.32 — 6.81
a WS — — — — — 108.32 —_ 108.32
M /kg  678.64 —_— 595.59 — 1215.48 804.33 — 3294.04
BT RA T 72.99 — 59.83 — 121.96 189.04 — 443.82
CO, Hijlii/kg  930.41 161.02 505.46 660.54 —_— — — 2257.43
CO, HFBUSA/ TG 93.04 16.10 50.55 66.05 — — — 225.74
i SO, FFit i /kg 8.38 0.09 0.27 0.27 —_— — — 9.01
E SO, At 7.92 0.08 0.26 0.25 — — — 8.51
BHHER kg 938.79 161.11 505.73 660.81 —_— — — 2266.44
T%“H’ SRR TG 100.96 16.18 50.81 66.30 — S S 234.25
Xiawan
village CO, HFjitit/kg  961.14 1207.37 — 1609.40 — — — 377791
CO, HFBURA/ TG 96.11 120.74 — 160.94 — — — 377.79
& soikicitkg  8.66 0.65 S 0.65 S S S 9.96
% SO, HigudiA L 8.19 0.61 — 0.61 — — — 9.41
BiHHE R kg 969.8 1208.02 —_ 1610.05 —_ — — 3787.87
S Ie 104.30 121.35 — 161.55 — — — 387.20

th 8 il 0L, R EA b HER CO, T SO,
S 2022.64 K1 6.58 kgla, 5 K HEB A > B K
202.27 M1 6.22 Ji/a, F3 ol ity H S IEE A 97%H 3%
M = R A AR 88 HEIL CO, A1 SO, HIH 45 h 3286.83
M1 7.21 kg/a, P9 IRIHEBURAS 73501 0 328.68 T 6.81 JG/a,
3 HRIRBE A 74.1%R1 1.5%. 46, mEE
FEZE P T4 BT BT I8 B 2R S A 5 =1, o4 108.32

JG/as 5 HEIRBE A 24.4%. Ut AT L, R AT i
o AR L AR G 7 D HETC CO, 1264.19 kg SO,
0.63 kg iy 2 WA A% 8 ) A4 bt 1 HUBE T RE A el kL T
T B S AN E LG T e 235.33 T, RTERBE I GE
Wi LRI s XA AG A A IR B T b, A5
BRI EAR

HRER, B HER Co, B SO, M 2: 5N
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2257.43 F1 9.01 kg/a, P TOHEBUSA 300 225.74 F
8.51 Jt/a, 43l iy H EAEE AN 96.4%F1 3.6%. 11 N
KAL G P HETC CO, Al SO, MRy Hh 3777.91 Al
9.96 kg/a, P IHEIBRCA 730k 377.79 A1 9.41 Jt/a, 7%
A HRIRET AN 97.6%A1 2.4%. bl W, FiEsA
MpL S BRI AL 48 7 D e CO, 152048 kg SO,
0.95 kg NI ARG P RRAE BT OB FH RERA LA BT ik
PRI PR B A ZE LG b Rt 152.95 T8, KPR R
INERs XA A FF IR B b, IRBERLER IR
BAERE.

r BTk, fEmEEA, B AT AR P REAE
B 601.66 JCIILTEREE, 235.33 JCHIMEIEE, M
P72 836.99 JLINIA I AT MGG 1 FIEH, IEREH
LI AR PRI A 766.46 TOINATRRE, 152.95 76
IFREE RS, ML=k 919.41 TS . R
2012 4F, FEIREHIA 8.8192 Ji RN EL, Je—AM Ak
NFNEPOEAOF S = S T A S GRS e 7 AP R4
JAAEAE S R TR, FLE LA R YR P 4
FIRUREMA M AR FEA AR NGB, EIR BT 4K &
7 7381.58~8 108.46 Ji LM EE &5 sz =4z, Hf
TP AT RN 5306.16~6 759.56 J1 76, HiE
ek 1348.9~2075.42 Jiot. DAMEHE, #xpbdb)™
AT T 2 4 AL X IR AR A ) P 1T e fvor, 19
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Abstract: The heating appliances in rural areas of China are mainly kangs and stoves for a long time. The appliances can produce
indoor thermal environment but has poor efficiency during winter. At the present, farmers in relatively underdeveloped western
rural areas of China cannot afford household heating in economy. Therefore, how to use appropriate technology to improve the
thermal comfort in bedroom without increasing fuel use and economic burden becomes an urgent problem to be solved. As the
weather is cold in the winter in the loess hilly region of western China, space heating becomes a necessary demand for rural
households. Kang is the main method of heating in rural households of this region. Suspended kang (a new type of kang) can not
only improve indoor thermal comfort, but also reduce the consumption and the ecological environment destruction. Suspended
kangs were constructed in 6 rural houses and traditional kangs (a heatable brick bed) were constructed in 4 rural houses
respectively in 2 villages in Zhuanglang County. The suspended kang was raised above the floor on columns, which was different
from traditional kang on the ground. The daily amounts of fuel used for the suspended kang and traditional kang were recorded
respectively, and the data on rural household energy use were obtained by questionnaires, in which the quality of fuel was
weighted, and the behavior and the way of energy use of farmers were observed. Besides, the continuous time series temperature
data from kang’s surface, indoor and outdoor in the bedrooms of suspended kangs and traditional kangs were obtained by
instrumental recording. And based on improving indoor thermal comfort, reducing farmers’ economic expenditure and influence
on ecological environment, the environment-economic benefit of suspended kang was analyzed, which was prerequisite for
popularizing suspended kang in large scale. Hence, a mathematical model was designed utilizing the energy use data to estimate
environmental and economic costs for suspended kang and traditional kang respectively. The application of suspended kang was
also reviewed. The results showed that the energy type structure of 2 villages was crop straw, fire grass, firewood, animal dung,
coal, electricity, biogas and solar energy. Energy use structure of 2 villages included cooking, heating kang, furnace, lighting,
household appliances and cleaning. Heating kang could account for the largest proportion in the total energy consumption of 2
villages. However, energy use amount for lighting, household appliances and cleaning for improving life quality was relatively
small. Obviously, the low level of energy consumption in the loess hilly region of western China needed to be optimized in the
future. In addition, an annual environmental and economic benefit per household for suspended kang was from 821.5 to 836.99
yuan in Gaoyahan Village, and was from 897.47 to 919.41 yuan in Xiawan Village. About annual 72.4497-81.0846 million yuan
environmental and economic benefit would be generated from suspended kangs used by all the rural households in Zhuanglang
County. Therefore, it is promising to improve the utilizing rate of suspended kang for its significant environmental and economic
benefit. In addition, it can promote the advances of rural energy technology, protect the ecological environment, and reduce energy
consumption and waste gas emission.

Key words: rural area; economic analysis; emission control; suspended kang; energy consumption for heating; environmental
and economic benefits; energy saving and emission reduction; loess hilly region



