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W B PEESAXHEASEN, HEHE )R BCRA T e HEEE 7 . A RIEAIE (Air Source
Heat Pump, ASHP) iR R4 w2 /E g & B, @il &4t B AR EFEERL L (Coefficient of Performance, COP), 4%l HLs
T ASHP iIERG S HEEMARK MR, L& ASHP (iiE RE 5 BB MMM . BB RRSABL RIS
(Liquefied Natural Gas, LNG) HIHtRRIZIT IR . 458K KRR, 7EAb s BRI =4 E N 0.1 ‘CH, ASHP
RGN COP N 2.86. HHIEHAIEAELL, ASHP fIE RGWAER A 66%. ASHP. W&l BRI LNG HIZiE1T
o BALERIR N A 20 0.22. 0.62. 0.34 F10.37 Jo/kW-h. fERE &MY, ASHP R4 AA RIKEEFE S D> CO, HEY

B, ARG KA AR G T 5.
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WGP, BN RIER I KIICEAE RIS, mA&E
IR R G PGUR KR R P, ghAh, A 4 i
PRSI A, 8 TR LT A DR HE R
IR FAGE [ B A PR A PE AL S L Rt XA . PRIk, Hb
PRIIR 55 /KRNI R G0 AN A T 1% ettt [X P 2 AL .
YR R R R 1 — PR PR, BCRERZ
I IX, Wik B HAF A ER = SRR AR N — T
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TRIRROR LY, AZFHIMEEE, AR, T
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FUKEIE, K PR SRR KRG AGE A, R
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77 ARUOBL, SRR R G b oK R E RN
B AR S IERE! Y . AR G ILE 2R SR LT RE T TR R
AEFE MM AR 2 RN, SRR R4S
R SR FF R 48 T AL R 1) 5 TR PR o 1 i i e AR R
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PR — ARG TET DA 1.5 m AR AR 2, AN AR AR TR X
S BRI -

N TR TR IATRAE AL U & IR ROR SR 4T
P, AR SO A SRR A i AR S IR 10 R P 2K
RAT 7RI

1 #R57A%

1.1 REEERERER

S PEIIE (Air Source Heat Pump, ASHP) fitHE &
ST 2016 11 H S HE 14 HE R, F7E 2016 4 11 H
15 H&E 2017 4 4 A 16 H ARSI GEIEAT 7 1500

FE G TS IX B PR A% o AT T 2 SR AR S
BRI EMdEm, BRI 42 m, %
93 m. RS, JLEEAIRBEREREE N 037 m, PUREREfA
JEEE 0.24 m, BERSMUI i 90 mm £ IR (B1 40
VERAMREIR, WO EE 2.9 m, MUEETFMEN 100 mm
IR . & 2 MHERIT, 1 ANRITH 7 M8
(MRS 3 my K 7.5 m), HEMERLHEK 2 m.
TE 3 m MIRAEH AR (2695 80 mm. 4475 20 mm). FIL&
A 14N RZEBHESE (79134 2.00mx 1.45m. 14

BESBESE (1,18 mx1.07 m) ; THH 1 MAESR
HEAMNE (0.74 mx1.17 m) « — W24 JEHEFE ] (0.90 mx
1.77 m) o FEa R K08 E AR IE R, SO AT I AR
REVR NI . N T VPl RIE R RGIEHI AR TR
HE TR AT I, 20k & = SIRAIE 48 ASHPL
I ASHP2, XHAIGHE &3 ATHEE . HEIR KRG R un XA
AR ARG, IR SO CRIRgEHED FRE, TR
PR ARIR -HO AR S S LR R 403E T /KR T fE 8, AN i
T A lRse R & . HIBEE HA2N 20 mm ) PE-RT 4,
ERENIATE N 6 1 6 11,

YE WA RITILE 442 AP, B HER N
61d. 2017 4E 1 A 3 HZE 2017 /£ 1 H 20 HAHE &35
FRARHEAT WM, A IR I A DL 1 B 2. TRIRRE
E S0 A2 A 5N Apresys 179A-TH GIIEJEHE: 0~
100%f1-40~100 'C, MEIRZE: HEL2%M+£0.2 C, 4
PR 0.01%RH. 0.01 C, I H; (i) MHELHEAR
AFD , R B S N EZY-1S GUETEH: 0~
9 800 mg/m*, MEIRZE: FE£150 mgm®, JLniRKEE
IR R IERRAFD

2017 4F 1 H 8 H, 2 BycHIEIs i, 1 oo RiAFs

1.15mx 1.15m; d614 4 1.00mx0.80m) ; £H 15 7194 LK.
(‘: — Tt Uni 1': - . ':'iii‘g'A'ufy' - ':%i;:'U:m'tz —
Pl | P2 [ P3 | P4 P5 | P6

R=n

=)

FE1.2m; O TI~T6 Foniir N 2 FUCTEIERT, Hbifi. 0.3 0.8 A1 1.2m I E IR S, FIH.

Note: O are P1-P6 indicate vertical temperature measuring points at height of 0.3, 0.8 ,1.2 and 1.5 m in two Units with pigs in the pig house; O are L1, L2 indicate
measuring points of indoor temperature, RH and CO, at height of 1.2 m; & are T1-T6 indicate vertical temperature measuring points at height of 0,0.3,0.8 and 1.2 m in
Unit2 without pigs in the pig house. The same below.
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Fig.1 Overhead view of environmental measuring points
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Fig.2 Section arrangement of measuring points

1.2 BEREARRFKE

MRAE B d 5 AR X5 2R g )y 1
(GB50736-2012) b ntth X & Z KB = 4N HIEE N
7.6 C, fEMIRET, HEMEAGE RN 12.0 kW, HF

WIRTHIREE 20 'C, FIEE MR MR, e RZEN
1.3, M ERE 15.6 kW. K HAGE 2SI
% (WBC-19.5H-A-S (BC-L1) ) 1F A% 4Rk 5n
FLURs
b B B ARSE T IE-15 CULR, BEES
PEHRGEAETERIRE -7 CH HIHI#EH 22.4 kKW, £T
BRILE N-15 CHEIHIHRERN 202 kW (K&K S50 .
B IR ARG EIS B R AT R . R
I B MEEL 1000 L FI/KFE A K EAT i, K8
R ROK B KR IE BRI /K5 B KRR T&
FEMRERS, BRPEHE (A @it ASHP1 (F
SIRIIE ASHP (7K ZE MY K1) 3/F1 ASHP2 (23S IR
& ASHP2 FI/KZEM K2) TAEMMER RS H K, N
IKFESRAEHOK . MoKFE TR IR & T Roe B ER, =R
PRGN AT 1 TAE, MKF PRV KE (RAE,
K3) #ELPUn#HvE s . =SERERFE A 3.
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3 ERBFEARMER RGN S K&IRIEEEH

3.1 ASHP1. ASHP2 Ao S R #ME B ALIE A %
NI R E S [IRAEMTRIPRAE L RS (Gross
System, GS) FIPERE, T2 SIFEAI L RGH LR K
EHERE 6 MREN S (TI~T6) , LAINEHLE KR .
KR Pt100 R EALERES (KZW/P-231, Wl &EJEREl 0~
60 C, ¥5/% 0.15 C, fuzEfH=1.5 C, RO RiE
RIS FEARAIRA T Wl & E = /MEH KRN A,
Al =/ MR E T L1, L2 & L3 & ASHP1. ASHP2
A GS 7K. L1, L2 fiE 1458 DMF-1-5-A R} K
R ERETOIETEE: 0~100 L/min, 1650 E RlsgiE
AL &G RAH), L3 HiEitf 5~ DMF-1-5-B
KAFERETOIEEE: 0~150 L/min, Jb5i & ks
EEHBMEEEERAT). BT KIEAK G EEE Y B
PLC R4 ERFidsk. =& HAECI (RNI-DN, k5
7 0.5 2%, MIEJEE AC220 V. AC380 V, ##i%
0.01 kW'h, TAEIRIEE-10~50 ‘C. <93%RH, L #F¥i
BT B A PR AT 205 Wil ASHP1. ASHP2 F1 GS [
HE, HXZNERE | (Ammeterl ) . HREK 2
(Ammeter2) . B HEIRE (General ammeter) . R R4
P55 R A B LI 4

1.
1.

o
i

B3 ZARRMRBIELL
Fig.3  Air source heat pump heating system
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HE: TI~T6 MMM A KI~K3 AKEE: L1~L2 AfiEit.
Note: T1-T6 is the temperature measuring point; K1-K3 is the water pump;
L1-L2 is the flow meter.

B4 ZARRBBIZARLEDE
Fig.4 Air source heat pump heating system and measuring points

1.3.2 ZARRARKFMHAEIEAT

43F% 1 min 23 ASHP1. ASHP2 1 GS Ktk gEFe4%,
BFEFEHE . MK E . (KRB KEE .. 558 5 min id

SE IR ANEE A AHE T . NI IC B RGPl
—EAFIKEER KM EKEE . = &4 FKERK
M. AR REM GS M E.
1.4 ZHREARCOPIHEAE
K RER L (Coefficient of Performance, COP) Xt
ASHP 1 GS [PEREHEAT 7
cop-< D
w
X Q) 2 LI [A] P (1 44 S #vE:, kW, W SROR AT
I 8] P95 VA A8 BTV AR T2, kW.
1.5 ZREARSEHmPERENTAERHELE
T4 R A RO AR R BE (1) 5 — R R AT
o BEEHESPRET KT 95%, iR
BRI, H BT RN 100%, BHEEH
B B 1 FEREVH R S5 T AN TR R UK E(K3) 1 GS fit
. AIE ASHP fLBE RS SEPR RETHFE. EPXf %
FhROK RAFTFERREAKIFE AL WU T E RS
KR, GS HHEBEBII IR FE. Bk, 5HE®
BAIPAHLE, ASHP [FTRER R (2) HEMEH.
41{'4Péjll:i%Z(EEB_EGS)/EEB (2
K Egp NEFZHA A EE, kW-h; Egs NER
G9E GS &R, kW h.
Al Hh X R Y AR R 7, & 1 kW-h B4
B4 0.547 kg AL HECRP,
5 H PR AR L, AT RGUKER GS [ CO,
& (kg) ATHAIL 3) iHHE.
IR =(Eps—FEgs)<0.547 (3
W Egp Al Egs 8 X5 () A, JHHER S57RER
AHIA o
1.6 AEEREBRETERASN
Jb 5 X T TR A I RN B A TR0 3 A TR 2R
FHHL . Witk RIRA (Liquefied Natural Gas, LNG) B IE
RIREAERNRRIRBEN. =0k . KA R RGIE 5T R
BHRERG, W R%, KRR LNG FEERA
KRG BEBR AR I B NARYE S8 3 72 X EUR . w]
FIHREIEFE. BRIEINAS . Runftpg 7 NEL L LT HA
PEeHf e« DR S W BTN T B AG B, AR SO T W&
[ 72 T PP B L. AL R BT R AR R S
NAFIRN 21T A, NI, R B
WAL RIRR LNG A TE R AR S 3% B A8 I Re IR A A 4 5
NIE—RRIR B A, RIS “J0/AW-h” o ALK
SR LNGPVRIVE T8 R AR M8 P 10 i R A 40 3 42 R
31.4 f139.6 MI/kg (6 > LNG Sl szilfE i) . b
L X RIS BN H P 3ME N 0.62 J0/KW-hPY, b5t
XA RIRS LNG FIEE RIS A% R 4.1 Jo/kg
iHE, BETZRARAE) F13.0 Jo/m® (LR RAR S
¥ 2.54 Jo/m’, B 0.46 To/m®) B, RARJEHGE &
GFEHRERIE AN (D TR SRR 7 U4
A, IR RGN RBCRWAFE, AR SRR & A i
R, Gi— B B IR RGBT KRR SRRAL
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FARA LNG HEBR BRI 100%.
1.7 THBEMSH

TR AN R B 23 W A VPR e AN 5 SR el
BT 2 AR B A B AR BRI AN E (W)

O EOREORE R
ox, ox, Ox, Ox,
(4)

HNHFERREZEEHLZE x X0 .0x, WA EREL W, W, ...,
W, & F AR P AN E
1.8 Sitoih

45 KA ANOVA Giit 7B & 40 i) 2 v =13 4 #r
(SPSS 21, Excel 2010). 25 H AP I (E+ B E bR E 2 KR,
P<0.05 75 50 3 M bR o

2 HERFSH

2.1 ERINEE . HITREMZSUEKE

SCHR[271HT T 2017 £ 1 A 3 H&E 2017 %1 H 20
H 25 SR AR 2 G LIRS 1R] =5 P9 B B s A 2 SR FA R
T R B 5 < P AS [ v B R B A A R . R A
TR AT VEA S AT

B saLlEH, 201741 H3 HE 201741 A 20
HIE, =4 Boo—FMPITT = CO, FIIKED AN
(785+253) (4 239£2591)F1(6 503£99 1)mg/m’ . }& 4 P 5 CO,
WERFEEHBLIT 2017 451 A 7 HEU{E N 13 075 mg/m’,
1 H 7 B2 3 R 55m & N E K. g /g%
SR 5 N A LT IR B 0 AT, A B R O R G A A
TE&fENEETT MRE S ERER . KU IS D)
XA EE, §9tba N s g /2 e w X, F
T & & rae .

14 000

12 000 -
10 000 |
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VAR E
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Fig.5 The CO, concentration in 2017 in swine house

I M AN FR bR BT R B, izt gy o0
AREME T RAT AT . SR EME R, bR
AR AR Hh T HOAR R S R A PERR IR AT AT .

2.2 TREARRFHEIKEE

2016 412 A 20 H&E 2017 44 A 16 H (£} 10 min
—RHEHE) , BRRG T IRERBE M I 14 %, ]
BEWE MR 33 CRIGmr 45 Co ANEZSIRAIE LR
REHER KR E A 6 Fis.

Kl 6 i REM, WISHIE GS B FHH KRN
(37.6£2.4) C, “FH[EI/KILEE F(34.9+2.2) C. ASHP2 1]
7 1 K IR B N (38.3+7.1) C, P ¥ KR E A
(31.0+£9.0) C.

o0 {}t7K Supply water
o4st . e [A] 7K Return water
= a0V,
L
2'35 pwitw A (A STV RSN A i AW
£ 30 -
i y
2 25 / . .
2016-12-20  2017-01-20 2017-02-20 2017-03-20
[ ¥IDate
a. TRIFEHIE B RGUKIR
a. Temperature of ASHP water
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E
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b. B AARIERIEKIR
b. Temperature of ASHP2 water
Bo6 ZARMRAKANKIERZ
Fig.6 Temperatures related to ASHP system
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2.3 EREAREERFMEREIER
2.3.1 ZERRAFRNIEAT

2016 4F 12 H 19 HE 2017 /£ 3 H 30 H, $HAFX
PRI PR RAE A B 1 h NI 1432 47 1 18] (102 d
RSB EE ) . BLARER ASHPL Ml ASHP2 7E 1 h
W EE AT A 2 A 7 Fis .

80~ ASHP1+ASHP2

S ASHPI
=& 10 e ASHP2
ZE 60 /\/\/\/
2 £ sof
TE | e e
Be B OAOF T T e e
AR
XT 30-
- 3 -
= | el
Y A o
2 10}
S P P PP T P P P v o
QY Q07 QY .Q° QY . Q° Q0 QL Q° QY.Q QO
NEEEENE Q'\' AN SRR \‘J' \’\' A q>' q:‘)'
I} % Time

B7 ZARBMAKE () FHEATHN
Fig.7 Hourly per day running time of ASHP

P 7 o LR, 7E 24 h 153, H 16 h ] ASHPI
1 ASHP2 fE 1 h Wizf7 i AL AT 60 min (61.1~
66.7 min) . ASHP1 F1 ASHP2 7E 1 h i I [8] 2 Al
e H A /DT 60 min (46.7~58.7 min) )4 8 h.
Ft, ®KRZ) 8 h RfE— &2 IRl s & ALng,
— K116 h FHHE TR TEBEAEREIA, (g
ZG £ ASHP1 T1E.
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2.3.2 AR MESH

ISR POKEE . FUKEE . ERRE. Z/MHE
& FH R KFEEA COP MAHEE N 0.10%~2.41%.
5 AR 45 R s, A E TN 0.5%~12.2%, 3
1E R e e
2.3.3 REABMFKFZ LG COP 547

2016 4 12 A 19 H&E 2017 44 A 3 H,id 3% ASHP1.
ASHP2 #I GS eI R fKIRE . R
M. ASHP1. ASHP2. GS JRA%dE & 55 3 E =K
W MEMESMNEEHR. WE 1 PR,

x1 BTHMMEEE

Table 1 Data numbers for analysis

N FAMRSE
Bl
Hot ASHP1 ASHP2 GS Outdoor
Data type
temperature
TRy
,Eﬁ”ﬁﬁ'ﬂ 124 710 124 654 124 755 25736
Original data group
bR Y
ﬁ)&ﬁﬁ"ﬂ 56 160 71280 110 880 25736
Valid data group

B2 1 A% 1 85 min A B8R o T A
N R EGE . BT EROKIERG S — G IR R
GIERKE (RGHE) , RILETHETLRGIKER GS 1)
COP I}, MIEALRE R G0 (1 HE i & Pk 22 (IR R GG ER
KERFERE (B 4 B K3) . BT ASHP1 JEENE
RGATAE—LL 8, ARCBA % H ASHPL 1) COP. & &
4i/KIE GS [ COP 5EAMRE MR R (RN i) Al
ASHP2 [¥] COP 5ZEAMNREM R R CR/MTEER) K 8
FiR o

2. 12
FO.0760e12 85T 4 1=0.066 4x+3.204 2
10} R*=0.33,n=1 822, - 10 o -
P<0.01 sl R*=0.35,n=1 187,
o8 . - T o8 P<0.01
o) . o) i
96 ot L S A
® s - X -
29 P 3 2 4 24
=2 A s AA
0 N L N L N s 0 - AAA A, A, .
16 -8 0 8 16 24 32  -16 8 0 8 16 24 32
EAHMEE EAHNEE
Outdoor temperature/ Outdoor temperature/C
a. UG R G AL RE R b. 55 B RS R fiE R AL
a. COP of ASHP b. COP of ASHP2
B8 ZARMERE R GA ASHP2 94 it fit £ 5
Fig.8 Coefficient of Performance (COP) of the gross system and
ASHP2

Kl 8 &, JE/KIE GS ) COP Fl ASHP2 ] COP 1
Bl = AMEFE T N . BRI, EAMRAREE N
—-14.5 'C, MK E GS M ASHP2 ] COP 45N
(3.04+1.05) 1 (3.40£0.91) . HHEE 8 HHEIHAR,
A LS H T2 GS 19 COP AR A % 7ML % R ASHP2 1)
COP. JbrtHh[X &R M = 4P E R 0.1 °C, Tk
%% GS ) COP }y 2.86, ASHP2 ] COP N 3.21.

FEANA R RIRINIEZER A R SRR
M = SPR AR R AR . UEHSFAEE N
27%~37%Hf ), K BRRWEA S EE SRR, A
HEERE, RN ESRIERAERERHEAR WL E,
AR AR RN PR AR A G AR BIAH R i, ZER AR
T 25 7 ) AR AL T RS HE . WEAR R, M =S R

FEM—4.0 'C EFFE] 10.0 “CHF, 5K B B 5 5 5 AL g 2%
i 5 ASHP RGAL A, ASHP ff] COP 24t 7t
TN 0.04% AR SCHR[30176 W, 4= AMEIE N0 C
i, Z=SYRHRIEN) COP Z1M 2.4; HM=HMEEN-10 C,
PRI 45 CHF, URHIER COP 2905 1.92. 1t
F X 2 S IR TR RGNS A R B AT AT .
2.4 FREARNTREBHZ

FRIE TR IR GS HFIFEH & B M FIFEH R
RATRER . TOKIE GS 1 FIFE 8 9 (4.3542.02)kW-h
D, TeKIE GS WPt (11.7943.33) kW
CSEPD , EEHEAIIFEREEAN (11.7943.33) kW-h (3
WITFED « SEEARPIERARGM, GS TEKEAH
RGP/ RE 64%£10%

2016 4 12 A 20 H&E 2017 44 A 3 H, 4 LKE
GS HIA S R HE A U A EHdE, TEKE GS 1)
SHHEN 79977 kW-h, HEA ARG H IS B RE
HLEA 23 785.1 kW-he S HEBHAPHEI R GMEL, =
RERERGTRRAN 66%. WG HEHE, 5%
M CO, i HHF &M 8 636 kg
2.5 AEgRSITERSW

TEAE LR IEAERR A, db U X A% 37K FH =5 SR
WL AR EE RIS AR IR LNG IR HiE
TR 2,

2 AFEHMXEIHAE LR HRER A BRI R

Table 2 Energy price per unit of heating for different heating
energies in pig farms in Beijing area

e P s A
PRI gyt M it Bnerey

P . .
REIRFNA Combustion Energy price Combustion price at the same
Energy type heat ., —  heat value/ .
value/MJ per unit/Jt (kW-h) umi of energy/
(akWh™)
=
REA 314 3 8.79 0.34
Natural gas
3 R A=
’Miﬁé’ﬁ 39.6 4.1 11.1 037
AR
Electirc boiler 0.62 ! 0.62
ASHP 0.22 1 0.22

e ERERGE I X ALRE T COP=2.86.
Note: The average COP of air source heat pump during heating period in Beijing
area is 2.86.

& 2 Al AL X XA BRI R 1A R I 0
T, BERFEINE RGN PEIZIZ 1T 9% F 5 %(0.22 J6/AW-h),
LB P AL 2 FH s (0.62 TO/KW-h) 5 WAL RIRS LNG
HEERNAPERRIZAT P H 028 0.37 #10.34 70/kW-h),
EMNELT ST LR, 2 SIR IR N o % fErg
FHe HiE, TRFAEMER, & KinRG R —
J VT TE Mo bR 4 B (IR IE 1T 122 M A <8 A ity AL R 7 =R $th i
FEREARRT L, RIAE i P4 SR FH 30 43 e 4 RS0 43 7K 8 S Ak
TR, AR R SR i R S0 20T DARC B R e
BERE, PIRGEEES TIEINGE . X TR AR s bR 5%
fr, R S R R 7 SOR H ARBERR ,  FARUHERE —
AN B R 2 SR PO M TR R, % 8 9 SR X
WL (BRI, AT DUE RS S EAGE AR . B
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EE R IR STFIAL R AN S LNG #0] DA T2 e 48 s %
A E IR PERE o

3 & it

D At X LR IA = AT N 0.1 CH, =5,
TEHIERFRRALLL N 2.86,
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Feasibility of the air source heat pump system for
heating swine houses in Beijing

Wang Hua', Yi Lu'?, Wu Zhonghong!, Liu Jijun’, Wang Meizhi'*
(1. College of Animal Science and Technology, China Agriculture University, Beijing 100193, China;
2. People's Government of Miaoyu Town, Wushan County, Chongging 404100, China)

Abstract: Coal has been widely used in many aspects in northern China. Nevertheless, urgent environmental protection has
been required to prohibit the coal combustion for the heating source in winter since 2017. The application of clean energy has
been the key issue need to be solved in recent years, particularly on the energy consumption of buildings. Air source heat pump
(ASHP) as a piece of clean energy equipment has widely been used in civil and industrial buildings. But there is no application
of ASHP in swine houses. It is an urgent need to conserve energy and reduce pollution emissions. In this study, an
investigation of ASHP was carried out in the swine houses of Shunyi District, Beijing. The experimental size of the swine
houses was 42 m long and 9.3 m wide. The ASHP heating system was installed in a swine barn. There were 6 pipes to supply
water, and other 6 pipes to return water for the heating floor. The monitoring period was selected for the equipment
performance: November 20th, 2016-April 16th, 2017. The first stage (January 3rd, 2017-January 8th, 2017): swine houses with
pig test (two units). The second stage (January 9th, 2017-January 20th, 2017): swine houses with no pig test. The
energy-saving rate of ASHP and direct electric heating systems were compared to measure the Coefficient of Performance
(COP). ASHP, direct electric heating, Liquefied Natural Gas (LNG), and natural gas heating were compared by the unit energy
operating price. The average supply water and return water temperature of ASHP was also measured. The results showed that
the COP of the ASHP system was 2.86 when the average outdoor temperature was 0.1 C during the heating period. The
energy-saving rate of ASHP was 66%, compared with direct electric heating. The unit energy operating prices of ASHP, LNG,
Natural Gas, direct electric, and ASHP were 0.62, 0.34, 0.37, and 0.64 yuan/ kW-h, respectively. The CO, emission was
reduced by 8 636 kg during the experiment. The average supply water temperature and return water temperature of ASHP were
(37.6+2.4) and (34.9+£2.2) C, respectively. ASHP heating system presented the potential to reduce energy consumption and
CO, emission, serving as an economical and clean alternative energy source for pig barns heating. Consequently, the air source
heat pump system is suitable for swine houses with solid floors, but not with fully slatted floors.

Keywords: heating; coefficient of performance; pig house; air source heat pump; indoor temperature; energy saving and
emission reduction



