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Abstract: Clean heating in the rural areas of the northern China in winters is an important part of the energy consumption revolution and
rural lifestyle revolution, and it is also a major livelihood project and a heart-warming project. Therefore, it is widely concerned to give
considerations to its economy, applicability and environmental requirements. In this paper, "2+26" cities in the Beijing—Tianjin—Hebei
area and its periphery, which is an important area with clean heating in the countryside, were taken as the research object. Based on field
survey and household measurement, four main clean heating methods (wall-mounted gas boiler, regenerative electric heater, air source
heat pump and clean coal heating) in this area were analyzed and compared in terms of technology, economy and environment. In addi-
tion, some specific suggestions were proposed. And the following research results were obtained. First, wall-mounted gas boiler is a more
cost-effective alternative to coal-fired heating, but the access to product's energy efficiency and emission shall be controlled strictly. It is
recommended to popularize energy-saving and environmentally-friendly condensing wall-mounted boilers in cities and in economically
developed rural areas. Second, there are no thermal insulation measures in existing buildings in rural areas and heating energy consump-
tion is high, so more attention shall be paid to thermal insulation measures. And it is suggested to carry out energy-saving transformation
on houses and provide appropriate subsidies while promoting clean heating, and to propel the centralized heating during the construction
of new urbanization in rural areas. Third, clean-coal heating will still exist in some rural areas for a long time. Therefore, it is necessary
to strengthen the supervision of coal quality, and it is recommended to adopt a set of "clean coal + special stove + carbon monoxide mon-
itoring" measures. Fourth, it is necessary to adopt measures according to local conditions. That is to choose the appropriate heating path
and heating equipment on the basis of local resource characteristics. In the areas with abundant renewable energy and good grid support-
ing conditions, it is advisable to focus on the popularization of regenerative electric heaters or air source heat pumps for heating. Fifth, to
ensure the stable operation of rural areas in the era of "post coal to gas and coal to electricity", it is recommended that the state shall con-
duct a comprehensive study on the formulation of subsidy exit mode and precise subsidies for poor households after the exit and strength-
en the implementation of environmental protection policies and green development concepts, so as to truly reach the goal of "affordable
transformation, affordable utilization, and content utilization".
Keywords: Rural area of northern China; Clean heating; Wall-mounted gas boiler; Clean coal heating; Electric heater; Air source heat
pump; Economical efficiency; Pollutant
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S I AR TR RS LR AR BT B,

H o<
BT

*2  FERBRANE T R X SRESF IR 7 A5 iR

gy 5t Wiﬂﬁﬁﬁ / &%m@ﬁ_ﬁ [ WA/ Eﬂ%ﬁﬁﬁaia (%3 M/ 30 fﬁ%ﬁiyﬂu{ﬁ/
Gt H Gt H 4 Gt FH JiTt
T T 1580 2 000 20 / 2.53
PR BEH: 2 880 3900 10 7700 5.38
TRIRIAGE 2570 22 000 15 20 000 8.37
& i 2% 3570 9 000 10 30 000 9.33
Th: SR R EGATALE 2017—2018 4ERIEFEIIbRMT, I8 T, BRI,
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] 5% At 7 BURE O R IE <R “ e #A A
[ 1 I ISR o DASRT A6 48 G 5 A0 £ 52 X 2017
RN A B TR BRI
FE4 G R

AARKEANG B 3 N4 - (DRI % & B %2
Begh . FAEBT) 70% F LMY, BEZ AT 2 700
gL/, AT B &R 50%, HAH K
O N LR AL T AN . 4000 96/ P, A
I BUAAE 1000 5/ ;Y T EL KA 3 000 6/ P
@K HE W S AN . BREA 1.0 7T /m®, B kb
W& 1200 m’, . . E&&E 173, #MISE
RAER E 3 4, AAREH P ABERATI RSN

AR U L AN B4y = O N HUHE 1% 4 T

BRREHR (T NERBRSUE) FM. BRI SE
FE BT 85% 25 T A, BF P B v 4 I e BN
it 7 400 J0 5 KRBT EBE LS T 90% FMUG, B
F R AN G AR B S 20 000 T, A AT B %K
H 12, HAEMAFEME. @XE Y E R B
Hr G 0.2 76 (kW « h), B 7 fiz e 40 I LR 10 000
kW «h, HAE. . BE&&M /3 BB P RE
IR IR PEPATIE R AN .

R LR S, ST Rk 3 s,
MK 3 FIEH,  BRAE LA LA i ECE 77 =X 3 A
DUEA BT R B, 5T R S, KRS
IR & m, RABEEE L T SRR RENE
QLR 35

*3 BERAMNEE R X REAN IR REF R

R WRELBR A/ NS BT E P ) WA HER/ TEREE () M/ 30 FRAHBME /
(g, H gt/ H R (g, H Yapw
TR 1580 2 000 10 / 2.53
N A 3 4F 1 680 1200
PR B 10 00 4.43
WRBHER e mtrass0 G 2700) 77
A 3 4E 1402 2 000 6.17
2PN . 1 2
TR gm0 570 CRMI 2 000) > 0000
Al 3 51571 1 600
# S .
B HAHKH 3570 C#N5 7 400) 10 30000 8.1

T TR ERIE B % IEB M R AR 2 R
HU DL WAL BRI UT PR 2 3 4R 8, SRR o6 S M AN 5 eI o

3 AEEEFXHRSTRIHR

3.1 KRRITEWHEERHE

MRA AN

TR SR P BB ST G R R T T 2
NO,. NO, 5755 1 (1) 7K 53 J N A2 BRI i 1 0 ST A
B FR TN I EZ Ry, [FR NO, 53 S R i &tk
GNE RN IR S A RO E S, & PM2.5 1)
HEFIAEY . PR HE O E K AR dE RS
KW HOK P . GB 25034—2010) ¥ (DL Rk (GB
25034—2010)), 54 NO, HEBGR FE N A E i 70
mg/(kW * h), & FEREREAN 60 mgm® (K 4).
FEPIMZE, (GB 25034—2010) XF NO, HE & A&
s ) PSR, AR BRI B S, T AR R P A v
Hi (EN 483 fll EN 625) N2 s& i HEFR iR E R . 1L
SEMMRBUR RSN T AT KA s R, 52 BUR
WA A GRS RE IR G, B8 CBRSRT 4
— AR BE R — N 2 L LR ARG, NO,

3.1.1

HEF AL PRI L4 2017—2018 42 RIEZF LR, RAHEE TIE, &

F4 KAMSEER NO, SRR
NO, fE& NO, HEsRZ LR/ 4 &5 NO, HEBGREE LR /

e [mg « (kW + h)"] (mg +m™)
5 70 60
4 100 85
3 150 128
2 200 171
1 260 222

VE: TSR T R B E (GB 25034—2010) , 12t RARK
NO, HEBCE RS HA 1 ppm, A124T 1.755 4 mg/(kW = h), [FIEHIZST
2.054 mg/m’,

HEBOE A =T 150 mg/(kW -« h).

Bl B X KI5 R I ARk, 5
S AR B HE OB SR H BT K (BRI KATS e HE R
#E : GB 13271—2014) " (L F fal #X (GB 13271—
2014)) & T OB AR AR RRAE 3 E K
PR, HE RUH XCPAT R HE R AE 5 PR A 5 NO,
5 S HE R 18 9 200 mg/m?®, R UER B NO, B 5 HE
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PR AE A 150 mg/m’. S 47 i R % T %47 3h it
RILAK, HS X “2 + 267 T H A AT
B X ) AT R HEOR (E, Bk, B, R
BRI TTRSEE WO & BT S bR
VEHE BB SR C i T GB 13271—2014. 40, dbgt
H 2017 4 4 A 1 HEHAT Cahr R0 g ss
#E : DB 11/139—2015) """ (LA R fai#k (DB 11/139—
2015)) ZB LM B A SRR, 2 SRBT it B b NO, HEik
WP AR HILE 30 mg/m’ AP, 75 YRR IR X Y
(O LE FH 50 0 75 P 0 7E 80 mg/m® DL, K. 1l %,
A T X B R AR S AR I B T B HE
JRESR, NO, HEBUR EE 7R 15 HI1E 30 ~ 50 mg/m’® LAWY .

ML 5N, AT SRR BOK IR NO, HEBCE
KR Tz, cgsl TIPSz o%0E. K
AT 2017 4F 11 HERR ) (ORI G R A& ZRE i B
TAEHZY Ui, N RIARIA bR, R
J NO, HEJ#E & MK T 100 mg/(kW « h) (76 &
WEY RN 85 mg/m®), RIRH & (GB 25034—2010)
Bk E ) 4 sk, 2019 4F 5 Hb i @i &= R A
“RT (e SR H S (2018 FFERRO)
f I a0, B 2019 4E 10 A 1 HEEAE L 5i T
AR AR A BRSO IR 1 & BLR . NO, HE S5 2R iA
F| (GB 25034—2010) 5 2% B3R [FIA S RBE HIK I
BT U@ mE R, 4 E A0 AT B X N B )
BRAEEHE S R RS N B AKRE AL FR L F] 95% ~ 99%
43 306 2 100% A1 30% LAE 7 fir ), NO, HE s &
i KT 70 mg/(kW « h), HHT R A 4 TR & S AT L
Wi FIR P IR bR SR . T I 6 A 4 IR ¥ it
ARG A, AL 108%, b EEH: 5
20% ~ 25% ; NO, HF5REIL T 30 mg/(kW « h), 1L
THEX S BHBbrHE. SLol, AT SRR M A BT
JE i, BN B AN AN BB S 4
Al 20 4F, MG EEEEE 10 ~ 15 FEHFE
i SN A .
312 BRERE

50 b1 5 FH BRIGER B P (R B R AR 15 4+
HEBOR EE &, I B 70 RIE I S B . #ok D)
BE, HE— BB T AR, TN RIS e e P
(R 7K B s B AR 264 - GB 16154—2005) (LA
N AR (GB 16154—2005)) K€, FH BRI A
KAFREHIF TS Cal K05 LW HEBOR #E )
(44 %oks #E N GB 13271—2001). (GB 13271—
20010 HE, RHKEEREY SO, HE Bk AR &

900 mg/m’, {HXt NO, [IHEBUGREE %A ER, XE4%
B SEpRAE LI . IS E R BUR B T, B T
G R JTHET T R PR AR IR I BRI 40, 2018
F10 AHEF W EE R Bl & B 2% 57
AR TR CER K B B il R 2% 1F) (GB
16154—2018) P, #i5 SO, HE MUK fE B R A & +
100 mg/m’, NO, HBOK EAE T 150 mg/m®, [FI %
PR ERIZTF T 10% (£ 5), HEBEITHRHR
CEEH K IR 4 4 e 1k 56 77 7% + GB/T 16155—2018)
(LU #R (GB/T 16155—2018)) ©.F 2018 £ 9 H
1 H 52t -

®5 RAKBEFASSEROHBRER mngm’

LSRR FEHGR
B4 <50
SO, < 100
NO, < 150

E: FH (GB 16154—2018) , iZbndEiE T LAY, Pl i 2%
BRI ORE, E AR N T 50 kW, H KRR i T 85 C 1 B K BB
JrE s BRI I B AR N AME T 65%.

3.2 SRYHERL L

W 58K F Testo350 M3 AT A, 85 B 3012H Y
TR RAESS A, G (1 e Vs G i IR E A )
PRI 5 5 FELIT FEL AR = HT 693—2014). ([ 52 75 YeJi
HEA A —— AR I 2 58 HAL FL RS - HY
T 57—2017) A ([l e i5 G HE S ok il e 55
V5 YW KAE T« GBIT 16157—1996) %5 by i 1
VTR 5 YW RRE S 52 B it B SIS 55 o
321 MAAERY

2018 4E 1 A Ay, X 12 ANE= s, 4 O
A, 3L 23 BBEEE N NO, HERUR kAT T 5K
W o, 21 GArFi ALY MR e KX, 2 6
AT AE T X o Wb 28, 4 3L e B 4 R0 4 TR
AR RTINS R, 53RN

1) AN RIS B PRASBEEE I 1) NO, HE 5 FiE 22 731
K. Wt aUBEE T NO, HERSR B #K,  Frill ke A
NO, V- ¥ HE i 58 FE A A 24 mg/(kW « h) (7 & 20.5
mg/m’), T (GB 25034—2010) A #5115 2% HE
bR UE . M BEEE B ) NO, HE RO BT A Bk e
WE B vEE, BN E S 5 R RSP S8 HE R
186 mg/(kW « h) (#4159 mgm®), W55 H 2 G
JbRHE o

2) AS[E] s A SR H AP R NO, HES8 FE A7 7E
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BRI ZE o 75 BE R IR A, P
F AR B3R 1 i RRLHEROSR B vSr, AS (R R 72 o R T
WAFTEZE S BTNk 11 2 3 B A o B A (1) °F- 35 NO,
HERBRZ Y 166 mg/ (kW » h) (374 142 mg/m’®), ik
B 2 ZAFEORE 5 T A B AP R A ()21 25 NO,
HERBRE )y 205 mg/ (kW » h) (374 175 mg/m®),
M EAX BBk B S ARHEBObR e, AN ) i R A R
br (R 6.

*o [EF-EEMSEER NO, HGRE

STMME R R mg/(kW « h)
o AFETH#H T NO, Hes &

20 ~ 28 kW 32 ~ 40 kW S5

1 / 169 169
2 184 / 184
3 175 195 185
4 / 185 185
5 186 / 186
6 187 / 187
7 195 / 195
8 197 / 197
9 / 203 203
10 219 / 219
11 / 248 248
12 / 304 304
% v T 24 4E 192 217 205

3) AT S A B e HE RO P RO . B [
PRABEREL, /N JOIRES T NO, HEBE B4 K
JORZE T 85%.

322 MRMERER W

2018 42 H MU, XA K EJHL 6 A4 R
PRI B AT 7 RAST5 G s, DA A 2 4
ki), SO, MNO,, b KigaEm. Bak, Hug. 5
Ve 4 Pl . FETMRLER GR D, /BEIBIF AR,

1 4 PR ke, SO, HEBUKR FEIME T 400 mg/
m’, {HiZET (GB 16154—2018) HE M 150 mg/m’
PRt 5 NO, HEBOK B FE AL T 150 mg/m®, 5 & bt
TR, Hodr g ws BEHERZ A 100 mg/m’, T [ S Ax i

2) UG, BRI IS I SR HE
W SE IR FEBEAR, {H SO, Al NO, I HERUF %A B2
. Hob, SRR AR NO, HERK N 122
mg/m’ ; BUGREA Y NO, HERGAK N 128 mg/m®. 5

R HAREREREFEAHRESSNERLLR mg/m’

PRI W) SO, NO,

W 3 I 33 435 96

MR e

it JEER 50 446 149
FHIME 42 441 122
U 1 194 475 153

i S 37 Bl

e UK 2 181 494 103

i
EHME 188 484 128

Ab, SCHR [20] X 2 & S i v e 2L 98 3 v
SRR 0 e S0 S MR SR AR I, M SRR A HE Tk
AF 30 ~ 50 mg/m’, SO, HEHIR AT 139.7+66.4
mg/m’, NO, fHEHBUKE AT 122.7+£53.9 mg/m’, (U
4315 % (GB 16154—2018) HIE R, Kk, ME S
KATT R A LT, AR R IR 12 200 7 A 428 |
e d AT, R I HE) B AR BT B v 1 R R
=

4 ZFHitHEW

D A0 ERPIESE, MR TR
PR E AGURR S, 2 B AURB IR B O 4 5F
M, H R = HER ORI HEN DG, P hE
MANO, HEhRiE. 2018 4F 7 H E S5 Be BRI “ 4T
B R DR TR = AT SR 4R R AUR IR B A
BERUANRIR T 2 %%, {EX) NO, HEBUR A #2 . il
T BMNERE T, K “ PR TR B
He gy e bR AR FE AR 200 mg/(kW « h) 724, H gl
B E K 4 FobrifE. %T NO, AbJ7 X 25 5 (1) F %
F PR 2 — P, A S G S A RO s, R R
AEEERN P i NO, HENHEIRR 1, 72225 KOs 13
BYGATHE Vo B UBE R . Sy 4h, MBS B A,
Vo B CBE SR AP G N T BUR TR, X R AL ER
rer, ANGRUSEIE By e AL 35 FE B OA 5 YN T AR
KR 45 R AU (VA K R EAT b PR TR,
7 A BE A 22 BN 75 R0 & L R KSR
FAPRBAT S HAT A BOE, 8 72T E Wk
Ir IRK AR BUBEEE B HE A5 1L 5 A AT SE KA 77 i
XPERA TN B SR T o B B BURT BN AT
AP gE, AT KA R E W R IR

2) AN 55 2 FE I S5 S AN EL B 5
JR Ak = ORR T, SCIUERE R AR E 2, i©
R R A RN, RN D EES KR
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N AR BE ST TolmfE, (S RHEZ, “Hk
R AR SO B A R RPN R, SEER IR RN
LS FOF AN R, 0 T A s Al T 5 IR A AE
R RS T . S SR M T WU e EE AN
R R FU T RECUE, 15T R IR A b 2 1 e B
[l 20 S, 37 v EORR AR U P i 425 8 Y e & B Y
R, 5aPardi, 51 FA F X £
BERE EIX, B by o R DR P i, AT T 4
SEREBIRIN , LI REVH -

3) HEMESEMEAR A EIE B, EanA g “ ek
AL M EERAEARAL” X I, SRR
AR 75 SR o, 0 (N R B AR AR B 4%
PR B IR OR 1T RE, A Xk H A SRR U5 30N H R 4
UGG ERAC, BAEN PSR i E R T .
X H AR FERATRA R 2 RN ERE, ATt
Fee BRI R R IGR 5 X R IR
B, BRI AR RS, VR HUK Y IR
EJVER S MAbak R O, SRS IL 5 4 T R A
R R R e KRR, B RALRA
MIPE N R, R R PR A FFEE R, FEIX X
] 2% 8 e T4 U A 1) v B R A R R A R
A7e 73 A AT R AR BE VR DR U, A il A TG R 2% A BT
o L 28 S R L DX, R B I R N D,
5y it o

4) FRATREIIATHIEMPRERAF, 5
FREH R A F 20 A b DX I 18] A 15 2847 A BEOR B
TSR E R 5 BRI “ 3t 1 R+ A B4 — S b
I B, ISR MR 1 AR ARAR
AR DU PR AR, 3 08 15 35 1 IR e R 1 AT i
P2 IR B, DR BIAEE bR HER AR

5) RIERM “JERESUR. PR AR AR
IBAT AR AR L DXV Vi HR R T 355 S A AU 2 “ 2
B, HEE. BEH”. ‘%7 -2 CgiEth,
2019 5 [ ZX H 0 Y E AR B BUE R, BT
Ledh Ty G R HERE S, B R A A T AT AR A AE KR
B ARG T EEMIR i 2 e e RS
KB ER B4y . “HAMR” X —X, 1TJLFE
A R A AR B A U 75 SR E R
X R AN L A A S A A R, Al x4
JrE B DL R 5 A, AR RN G IR
Fo O, MRS, Bk, A E X
JE T 48 5 0 T AN IR 5 3. R 2T IR R A
MG e, “4k B EA R, MR A R &% H
br. “BEM” Bk TaFERRS, ARSI E

B, WEIATREL, BARTAERNE, WAL
IEAR B IE I 7 0 SR I AR T BB NHH 55,

B CAEEEE KB, ARSI TE R
2 F X ™
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