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Abstract: Comparisons of life cycle pollution emission and energy efficiency among seven heating methods from the
perspective of life cycle based on daily heat supply of 1m” housing area were made in this paper. The methods included
scattered coal heating, and other clean ones, which were electric boiler heating, low temperature air source heat pump
heating, wall-mounted gas boiler heating, cogeneration central heating, gas boiler central heating and clean briquette
heating. The results showed that compared with scattered coal heating, clean heating method can efficiently reduce the air
emissions, especially significant for PM;, and PM,s. Among all these methods, gas boiler central heating and
wall-mounted gas boiler heating with natural gas are the cleanest, which reduced SO, and NO, by 85%, and reduced PMy,
and PM, 5 by 99%, and clean briquette heating and electric boiler heating perform worst. Highest energy efficiency (over
80%) could be reached by low temperature air source heat pump heating and cogeneration central heating energy
efficiency, and lowest energy efficiency (about 30%) is obtained by electric boiler heating. The results also showed that
improving thermal insulation of building envelope is an effective way to keep warm and decrease pollution in rural area.

Key words: scattered coal; clean heating; life cycle; air emission; energy efficiency

SR 300 I A b X 25 58 110 v 3, DA st
AEFL X IO 11,2016 EALBEIAN) PMys W AR
BERR AT 2.4 £5,42 12 Atk AET 5 RO
23S g ot A ORI O D B A %
ORA ) A A HE TR, TG ¥ B W A
i AL T & Z S g I E B R NP 1201745 H,
WS & T OG- T b s B R b 5 X
ATV OBAR s CAE R A SRR T k7l
HEREVE T 7 2B A E R e B, I (7] 2 I
JEE AT A0 A 406, S IR 5 b X B
AR T MBI AR, T I A 3l R

R 20 SR HH e 375 i EIRE 14095 G 0 ik

R ARAE 7] — g 5 F LA 1T A B DURAR
1t LB S RR Tt OB T 0 bE 52 B b T~ BB
LI TPe SO EIUE 7 =0 /S ol ARG D < SRS Bl N
A LLEAC 1t OB SCRR[6] 48 [R]— it & b AT
10 EEER I FR G A i JA SUI0 AR B2 4 A, O HLike
PRI 7 D A o5 H AT 32 2018 20RO
SR PR3 it A R AN S RIS 8 0 1 il 2>, B
Wl T bR RE R A BE AR A, T LU A BEVE
M A A S B AR FEREAT EE AL

ks BEA: 2017-09-20

BEEWME: MBS %40 H B S0 Bk

* TUEAERE, g LR, chengl@caep.org.cn




4 9 BRUR IR SS :

HIORER T s A AT 2R 24 oy A SO0 S 20 b

1571

AR SCHE Az i A YT AR A R A AT (R R
RO HE T < AR, A, it 13 L
A8 B AT UK KR DN e %
HEAT LA, AT Sy IR R I ot A 8 AR T
TR 2%,

1 FEIEFEREERBURERER

FH T OB A 45 DR 2 1L gt MERE R, (P
REVRZEHHE L) Gt AR T szkr 2P Skl
KIS HOREE 2 vk AT TR
o AV R R AR v = DR A (P g
PR B8, A4 T 2014 4 [E %
A (T ) AR A A FH3 B2 5 O = i et
S A R B A v OB 3 2 TSR R AN
WS RIS 90% L E® ARk
RO SRR 0 R o e e oE SR Ay
44 BRI FH SO e, 15 o T b 7 R PH O
2y 1.54 A4 t, FEE o ATAER AL, L7, By, R
VT, N S AL 2R, an ) 1 .

2500
2000
g@ 1500 |
=
%g 1000
=3
500 |
0
STEEFEHSHEN RKREFEREH EK
?‘El?‘:zﬁv;\fé SRR TR oKt

BT RS & e BRI O (2014 4F)
Fig.1 Scattered coal consumption of residential heating in

China’s northern provinces in 2014
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Fig.2 Life cycle system boundary of scattered coal heating and clean heating
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Table 1 Life cycle inventory of 1t bituminous coal
2Nt A itk
B Fi(kg) 2000 JHEE (k) 1000
W (kg) 501718 SO, (kg) 0.569!"”!
SR Hi(kWh)  26.417 NO,(kg) 0.194!""
PMq(kg) 0.092!"""
— K PM,5(kg) 0.048""
Seh(kg)  0.563 NO,(kg) 0.03112%
BR I8 Hi(kWh)  3.034 PMjo(kg)  0.0012%
— K PM,s(kg) 0.0012"
ME(kg) 1000 SO,(kg) 4l
S NO,(kg) 1 .6[;‘3]
PM;o(kg) 13.5
— K PM,s(kg) 10.82!
SO,(kg) 0.020
H I NOLkg) 0015
PM(kg) 0.027
—IK PMas(kg)  0.007
SO, (kg) 4.589
Jopren NO,(kg) 1.840
PM,(kg) 13.620
W PM,s  10.856
2.3.4 BRI AP R RAGE R AR

FEAE T HERE ) T R HEHRE T G 1G)
FHE 1) 25 iy B 3045 PR YT 10 BB VR A N 7 AR
VGG R 3 B AR AR PR RS Hi
T 2 B0k U5 O R B2 AH (] A 8
39.3(kg FRIE/GT), H 7 B L BRI 99% 1),
LI 7 PR YT IRV e W HE TR B R
A [ A

Fz2 1kWh BREGERREER
Table 2 Life cycle inventory of 1kWh electricity
I A firth
B 4ikg) 0944 B (ke) 0.472
) BREME(kg)  0.02417181 SO,(kg) 2.69x1041!
&%Z}%i [171 -5[19]
e H(kWh)  0.013 NO(kg) 9.14x10
PM,o(kg) 4.33x107°!
— X PM,s(kg) 2.27x1071"
. Semhkg)  3.65x107 NO(kg) 2.03x107°1%
HRia 5 .
iy H(kWh)  1.97x10 PMo(kg) 7.55%x107"
— X PM,s(kg) 7.19x1072
Bk (kg) 0.472 Fi (kwh) 1.07
. SO, (k 4.01x10™
IR e <0
" NO(kg) 4.01x10
PM,o(kg) 8.51x10™
— PM,s(kg) 2.22x10™
HTHL H1,(kWh) 1.07 F (kwh) 1
SO, (kg) 6.80x10™
. NO,(k; 5.20x10™
R ke <0
PM;o(kg) 9.08x10
—IK PMa 5 2.49x10™
F3 1G] BRERBEBERENEWmERER

Table 3 Life cycle inventory of 1GJ heat from

cogeneration central heating

o LIEN At
W fi(kg) 111 SRR (kg) 55.6
BREHHE (k) 2.7807181 S0O,(kg) 0.032!1
WAERE  i(kWh)  1.4707 NO,(kg) 0.0111"!
PM,o(kg) 0.005!!
— K PMys(kg)  0.003!"!
sedli(kg)  0.031 NO(kg)  1.74x107E"
WAz i H(kWh)  0.169 PMo(kg)  6.47x10
Ik PM, 5(kg) 6.16x10 2!
Mk(kg) 556 FARB(GY) 1.01
SO,(kg) 0.047
LN PO NO,(kg) 0.047
PM,(kg) 0.100
R PM,s(kg)  0.026
MEeke ABRGH 101 FARE(GY) 1
SO, (kg) 1.11x10°3
) NO,(kg) 8.51x10 4
PM;o(kg) 1.48x10°
—R PMys(kg) 4.07x10*
SO4(kg) 0.080
S NO,(kg) 0.061
PMo(kg) 0.107
—IX PMas 0.029
2.3.5 JHERUBCRIET R 1t SRR A
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Table 4 Life cycle inventory of 1t clean briquette
AT A firth
A fi(kg) 1948 PR (kg) 974
PR (kg) 49t 18 SO,(kg) 0.55411
PR A Hi(kWh)  25.71417 NO,(kg) 0.188"!
PMyokg)  0.089!"%
— K PM,s(kg) 0.047"%
Yeikg)  0.548 NO,(kg) 0.0312%
SR BIZ Ky Hi(kWh)  2.955 PMo(kg)  0.0012"
— K PMps(kg) 0.0012%
Mok (kg) 974 T (kg) 1000
R H(kWh)  12.845 PMio(kg) 0.04
—X PMys(kg) 0.012
A (kg) 1000 SO, (kg) 21
R NO,(kg) 0.8
PM,o(kg) 1.1
—X PMps(kg) 0.8
SO,(kg) 0.028
b3 ) B NO(kg) 0,022
PMo(kg) 0.038
— K PMs(kg)  0.010
SO,(kg) 2.582
FHEI NO.(kg)  1.041
PMo(kg) 1.268
—K PMys 0.870

2.3.6 JFARURBEGHR H 3 1000m’ KRS
(100 A= i 3195 R0 R BEDR S N7 i SR v G
YiFERCE IR 5 IR RE RS IX EEA T
S b DX, R K B A 0, S B B I
2000km. 1% 50 3 &k HL ), BEFEEL 0.5568M/
(1000m’-km)>7, fy - 2% B B 85 K AR AE — E I
FHE, A SCHL 0.2%. %5415 11 SO, AT NO, HEACEL AR
Wi CBRBMBR G HE ORS00 Y B 5 Ik (8
1)) B PM o T PM, s 43 5IRRAR R RTIR
N UKL ) — VR HE TR0 PR g 2R $R B (R
7)) BHR R R — U U HE R g 47
BiARFErRT)) P

#5 1000m’ RIKSHEGELER
Table 5 Life cycle inventory of 1000m® natural gas
5 LN it
KRS’y 13231% KRS (m®) 1002
setikg)  11.19618 SO, (kg) 0.504
RKSTER BkRikeg) 11,7239 NO,(kg) 0.240
PMig(kg)  0.025
— K PMys(kg) 0.022
AR’ 1002 SR (m’) 1000
TR KRR (m”) KRR A(m”)
H(kWh)  309.333
RIS (m®) 1000 SO,(kg) 1.429
NO(k 0.63
RN (ke)

PM;o(kg) 0.03
—IX PMas(kg) 0.03

SOx(kg) 0.210
NO,(k; 0.161
CEa e )i Ox(kg)
PMo(kg) 0.281
—K PMas(kg) 0.077
SOx(kg) 2.143
NO,(k; 1.031
BHER Ou(kg)
PMo(kg) 0.336
—{k PM, 5 0.129
F 6 1G] MESmI P FEEREENEmERER

Table 6 Life cycle inventory of 1GJ heat from gas boiler

central heating

2t LIIZN i th

RIRT(m®) 4039 RART(m’) 30.6

seufikg)  0.34 SO,(kg) 0.015

RIRATER Bklalike) 036 NO.(kg) 0.007
PM,o(kg) 7.69x10*
K PMas(kg) 6.87x10*

SR RRA(m®) 30,6 FARA(mY) 30.54

f(kWh) 945

FARS(m) 30.54 AE(GT) 1.01

SO,(kg) 0.044

PR NO,(kg) 0.019
PMio(kg) 9.16x10*
—I% PM,s(kg) 9.16x10*

Hfib i Ac MAEGY) 101 HAE(GT) 1
SO,(kg) 0.006

Hh ] B NO(kg) — 0.005
PMio(kg) 0.009

—{X PMys(kg)  0.002

SO,(kg) 0.065

S NO(kg) 0.031
PMo(kg) 0.010

—IR PM, 5 0.004
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Table 7 Energy efficiency and energy consumption of client devices using different heating methods
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methods for 1m* housing area per day
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Table 8 Life cycle PM, 5 emission of different heating methods for heating 1m* housing area per day

A g SR [/ (m*d)]

Rl 5 - - PMy s & it [e/(md)] AHELEOGE R 14 2%(%)
PRk TiF R —IK PMa s

U 0.231 0.086 3.183 3.501 —

- AR 0.097 0.069 0.207 0.374 89.31
HR B —

A i 2 PG 0.037 0.026 0.078 0.140 95.99

FARAKMR SR BEEE 0.031 0.014 0.011 0.056 98.40

_ LI 0.037 0.026 0.079 0.142 95.94
ferf g —

PR 0.030 0.014 ~0.000 0.044 98.74

IEREiEreY 0.101 0.038 0.199 0.338 90.35
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Fig.7 Life cycle energy consumption and energy

efficiency of different heating modes
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