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T, FIEEEETAEAT R WM LCA (life cycle assessment) F H Y6l 2 sy R LS B AL 12543 AT 7 7% . [N BLIE
MK H U S MR IR R R AU R A I8 B A, AW AN S A b X H G = AR A SRR
R 2 AN & T 2T M IR R G SRR A A R RN KT 20 a FT 100 a 5 P AIEHE A2 28 1R A BRAR A fi

(global warming potential, GWP, A7k L0k Y EHER-CO-eq.) AR, BFFTRM, TEILmtHb X R BRI
ARSI B HYS A RGO RR AL T GWP 2354 257 F1 72 g/(m*d). 2T 100 a (1) GWP B 20 a (542>
SR T 1.6%F1 5.4%. XFLGAT 2= Venlo U3 & RARSAERR, 1ZHIFIT R H AN & FEIK Bl H Y6 a YA g
PR A 2B L 1.39 %, TMA R MR Bl H il 5 il PR LB i A2 328 0 Venlo iR Z5 HEBE 1 41%. RIS
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RE Y5 A AL R 4 KA 17 25 i 70 ) i A2 A 25 258
T Vi BE VS FH AL 78 AN [] S04 A AN [F] R 2 1)
J&, AEN TS T AR BOR BN H] 22— [ =
FHE b Y5 PR BRI AR A A AR 7 B vh 45 3
k% g, Ozgener Z5P17E + HH: Ege K2% (b4
38°24") F ] —MIEREH H TR 4 kW 1)/ ELK FH
A Al B YR R 240 (ground source heat pump
system, GSHPs) #4—Hk 50 m’ J SHEAT{LRE, &
GLAILE M e R 2L (coefficient of performance, COP)
209 2.27, FNAEE 2T GSHPs 1 L H IR %
W N T B, A i A 5 AL e RV A I AH L
GSHPs fEE/E 1 H H RAT S AF 2R pr . TomEED
TE R AT % 28 )T LR (R B, R F TR K

WA E I 2013-07-29  fEITH I 2014-02-22

FEETH: Jbm ARRHIEESTH (6132011); JLRMTRMEN BT
ERLTE (QNIJ201212) .

g Sesrde (1983—), %, M, T2+, BhEarsT
B, WEFCUT I B A SR S TR, Jht e X ik 50 5
KRB BB FTH 0, 100097, Email: chaililong@nercv.org.cn

3\ GSHPs Lt e = i fIEBE 15 fig 30% LA Lo 77
Y bRt IX. Venlo BRI 35 h k4T T 8t
R K GSHPs #ERR 9T, 248 COP ik 3.14,
117 AP E H iR & R B 50 GSHPs 15
FI RS COP & 2.62, WALSBRIE RS T fe
29.6%. SeS7pAESIE AL BTH X —Hk 480 m” ¥ H Y
HEPRH T 2R R K GSHPs fEBE 5
WE9E, R COP A% 3.83, WiFTiAFF bt
X 7E 2007 —2008 - KBEIHM H 6 % K H GSHPs
AEBEZR 2 0.12 Je/(m>d). % Ti% GSHPs
BEBEREARPERE (COP)  ZTFIERE LA S W) BR8P
e (BORHE) 5 WA AT T A SEFIT . SRS
T %= GSHPs ¥ A I 5 855 1 g 2 B ot 2 725
(carbon footprint, CFt) /K V3518 fF TR AT

T A2 08 S — > = i B B % 2B o A B
AT B 1 e B ) (TS T a1
NS Y T 52 [ 512 LL K% Rees il Wackernagel
PO 27 H R ) AR “FEmER, P e
SEAR P IS5 MR 5 2 B30 (1 A AR iy 5 T R
P A A R L A i A
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(life cycle assessment, LCA) /& H AT B AT 2
(R TS PAN T3 10 LCA 22— FEM =i, T
2B AR B A e 1B, B
I RIS, 2 R S 2 Ak AN A oy R R B
S PRI FREE A R R A DT SRSk A L b
SEK LCA Tk 2 N T8 2 A R S
15, BRUSVRAL . BB Heikkila V00T T 5 F 2%
RGBT, $2H N A BRARBE I e DAL 2
SR Z0EE ) 7 AT 00T SRR Ardente
SRR LCA B i T RBHBESEI, W1k
S AR R ER BT 550, 6 b 45 B s vl e LAk
AR AT W R PR . TR M A i
SRR LCA W@ BRHEGEAT TA% 5L, JET
P EGH G 10 12 m? @EFGHE 14 ¢ 3=

SRIM OG5 GSHPs A i A2 128 B 5 1 R
RANTFRE . W02 GSHPs AmE i 2 (15 /2 328,
ST R G 7 ik JE LA RE (shallow geothermal
energy, SGE) MA7fifs ¥ = AWz 384N 1 72 13 %
A AARHE R RN LT R = R TR I HE UK, A
T B 1 BORF T 52 AH OG5 135 i R BR 55 LR 9
1565 S 1 L B/ TR 7| e 10| A=) A WP GBS vk B
REVRALIE RN PR E R S . AWFTOR X — 847
TRt X A 480 m® H G % GSHPs FlH &
T I AT (LR VT SRR R B A0 AT o [RIINE, %
bl AP AN ) F R GE BRI K L (coal fired power
producing, CFPP) FBAKHL (gas fired power
producing, GFPP) X} GSHPs i & 328 I35 76 5 i
1 o5 R%E
1.1 IR =E-GSHPs

A 58 A A AR 5 H TR K R K G
GSHPs A7 THbnimnfiEx (b4 39°40), Hti
EHREVGER, K60 m, P58 m, 3.5 m,
JehbE 2.5 mo MR /K GSHPs by itk £ 3]
VEHD R /KSR, AR AT N Sl A 1) A A SRR
EROESR AR . RAEEEH 3 4L
R 7KK R EDRAEER, FEEHLALHIA ) T AR
FEIR /K %5 il 5 RIS R v 4L IR ER . LA
KT (Danfoss) gL 4Nl (HE450),
LG T THOUC N AR 23.82 kW, 34 &,
HIAFI N R22 (Freon22, A FH) , FEHER
B 58 kg WA, kR,
BN E K. W% L& GSHPs TE4I S5
SCHR[6]1F1[23].
1.2 XBEHHRER LCARRAZE

AHFFTLL 2007 —2008 4K ] GSHPs ¥ = 4t

Wt T B, KA LCA J7 i 548 1 B Hl 7802
AT 3T FE T LCA i Rg e i 1
TR o

KR A 17
o =
&
=
.K
® T
= NN
> NN -
wR
£ mmnamE
Wb
NN
NN
L e B R
GSHPsi % LB AR

T QK2 A7 6% Shallow geothermal energy from sun; @421
AR Energy extraction; @4 fEm4E T} Energy promotion; @i % fit
[ Heating greenhouse.

B 1 XERAGARTHRMARFZ G GSHPs F 0945
Fig.1 Transportations of shallow geothermal energy in ground
source heat pump greenhouse heating system

AHWFGT LR E BB BE RN %, IR0 L
FHVRE M I AE A T (SGE #44i#%) , AN T4
(SGE $2H0) , #EHAIIETH (SGE $27) Fghik
FHELE (SGE fitBg) s, Wik 1 1O~@FR
R

ASC AR PRIERE R IR BORAR A, REYRVE FESE
I HLRE . FLAE T AR 32 R S ML P R A LI FE
fiE, BKEE, MEIRIK AN Bl RE K F2 (R RERE LA K XL
L ARt I FERESE, BRI 2h CO, F/b & HoAh
WA RZ AL R I Hr an b 2
FiR
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B2 HIRAR ALAE GSHPs #9847+ & B
Fig.2 Schematic diagram of carbon footprint analysis on
ground source heat pump system

1.3 GSHPs ik BiZE S 775 7%

FrRE 2 (International Energy Agency, IEA)
7E 2008 i FAESE B ) PR 5 R (0 GE T Bt 2 W]
£ 2006 fEA S RLRE T 419% KU TR A,
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20%KIETIRIR . BEAh, KLY 16%, #ZHY
15%, KA 6%, HARVE eV f7 2% /o Aq . M [F]
I E R R AR R s BRI 83%, KR 15%,
PR AN R RELL S A R IR IE ST 2% LR
AR BRI R A 2 B ORI 2 B, K
JEER,  RIAHIF T AR 2 Tk g A
Z, it GSHPs Pl eI HLfefe & ik =i 1%
HE AR HE R R BRI BT R FL R R
BTS2 AR (1) ~ (4) THEHHEH P,

PRI K 7 R v ) RS B HE TR 0L -
FRoHRGE o
1 kgC+2.67 kg0, ——""""-33.67 kgCO,+29.3 MI# i
(D

WRK DI R ) BB HE B L

YA 5
1 kg CH,+4 kg O, vas kgCO,+ (5

2.25 kgH,0+52.6 MJ#fE

EC, =Ey, (3)
EC

EC, , =—% (4
= AD

K. EC, /ER% k (CFPP 5(# GFPP) () GHG
(greenhouse gas) A&, kg; E;/e R4 k (CFPP
i # GFPP) REJRVSHER, kg; y A&FR% k (CFPP
B# GFPP) ¥ GHG HEjsts 240, RURKESE kg 4
Bl (C 8i# CHy) Jo CO, HIHEE:, kg/kg, ABFST
HX;F CFPP Al GFPP K it, y 73-5liE 3.67 Fl
2.75 kg/kg; ECy. 4 s R0 k HAT I (AL S H A7 T AR
ST HERUY GHG i, kg/(m™d); 4 NI,
m’; D R RE do MR SCHR[27-28]E 1
HIREE,  IRHEIR 1803 20 A BRI BE 1) 1.55 £%
PR FIRAR A AR HERE, WA
X (5) Bl
_ 3600,
ppx CVZRZ
X By BARMBIRE T (0C, 1 AN BRI
BRSO T AEREYE IR TR, kg BR 6 E. A FELRE
WG, kWh; y AR OV, R R
BT RGRBA R, R BT ARG
A AT R ERRIE K WL (CFPP) FIBA
AT (GFPP) R GRS (I el s Al
HEHFED 205020 0.27 F10.42,
BRAZIETE AE (global warming potential, GWP)
R S AR 24 R (CO, eq.) FE il = < AAHE
JBONE 4 BRAR I 1) BT RR K — AN T B R AR, R
P CREHEVGE 7 TRUER 6 Fh A B Ak,
GSHPs 411 GWP 1] (A X (6)1HH H-Z [ IPCC
(Intergovernmental Panel for Climate Change) A Afi

(5)

{OHTIE AR RENEEE (iSRG IE DI 7 AN

4 6
EM . =YD E GWP, (6)

x=1 y=1
K EMygy, ZAWH GSHPs 7Eil % BEiZ i 2
) GWP STk A&, LL COyit, kg x /& SGE &
it 4 BB y & IPCC AT 6 Rl 3k &
K15 By 2k R HUREAE SR x B BOh R0 p 74
1, kg GWP, 2 K1 y 1 = AR HRICY & kg/kgo
x1 RESKIEERT
Table 1 Greenhouse gas equivalent factor

R GWP

Heewn Global warming potential/(kg-kg’l)
Pollutants
20a 100 a 500 a
CO, 1 1 1

CH,4 72 25 7.6

N,O 289 298 153

HFCs (HFC-134a VU3 Z%5¢) 3830 1430 435
PFCs (PFC-116 /N Z%E) 8630 22800 32600
SF6 16 300 22 800 32 600

e 9IAZFLER[20], Lh CO M.
Note: Data were cited from reference [20], expressed in CO, eq.

A SO ST % 0% SGE, R AR K 5425
SR, HUBGHDE M B ARG o AT CO,
Helot SGE fH:BE b F2 vh 8 S il = M. AR
GSHPs #IEHLA I HIA AR R22 (HFC-22, 5K
R AT, AT A R A AN T
22 MR S TR R, DR A9 2 B8 R22 FA3 R
NEHE 2%, R22 BARAE “EBER” HE
(1) 6 il & k2 —, (H &' 5 HFC-134a( 8 R134a
P Lke) HAAMLIY GWP /K, R22 ) GWP
K210 R134a 1) 1.28 £583Y, SUABISEN R22
) GWP 23 il F i 21 R134a 1 K1 7K R
(e RACTFREAT VL. W3 R (X B K 328 Ay S B it
BEFEREN EL#E CO, HEBOMEIAFIM R 724211 CO,
M (COyeq.) HEHZ AL,

2 FER5SH

2.1 REMHE COHMEE

RIS KRN GSHPs AEZ5 i+ iR
149 270.4 MJ, [RIIFI4FE 10 826.1 kW-h [{J L fAE.
T CFPP KHIIHHLT, HOGH = FREFE. TIHAE
DL LR AP 7 Kl = I S BE B FEJBU/E ) LCA
DIRERALI T Rk 2 fron. Htl =T
CFPP 1 GFPP 1 N ¥ CO, B HEBE (CO,-eq.)
A 17.8 F14.9t,

AHFTH LCA B AL 12553 B LA SA TRl = 45K
P BRHEBCR 2 BN D Re B 34T, SRAAN R A=
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77 5 AOMAN )it = P 6 e A S D e PR A1) 3 BT
7o PRI N TR L P A AR DGR

% GSHPs AEBE B 502 254.5 g/(m>-d),
PRSR FL A R IR 2232 69.2 g/(m*d) I 3.7 £

F2 HWIRARMAEERE. FIREFER CO,HIK

Table 2 Consumptions of electricity, resource and CO, emission of heating GSHPs greenhouse

JAHE R HL (CFPP) Coal fired power producing

AR H (GFPP) Gas fired power producing

RER AL IBIR R
Energy flows 2 e JrTevT— 2 e e bt
HLAEVTFE/(KW-h) B FE/kg COfFiiUkg BBV AE/(KW+h) B kE/kg COHFjlUke
[ =%as)
HLA HE%W 2440.6 1095.5 4020.3 2440.6 397.7 1093.7
SGE extraction
H GutH T
mﬂﬁd‘tn 7135.5 3202.7 7135.5 1162.8 3197.6
SGE promotion
-
A 1250.3 561.2 2059.5 1250.3 203.7 560.3
Greenhouse
AL 10826 4859 10826 1764 4852
Inventory

T HOR SR 480 m?, HEBER 1% 146 d.
Note: Area of greenhouse was 480 m” and the heating lasted 146 d.

180 167.7 o
s 160} B CFPP-JAHR K L
ES ol O GFPP-#RUR 1
SE%
3§ 120f
w < E
ZE & 00t
mé 5 = 80
35 8 8§ 57.4
@ & ;60
R 45.6
28§ 40} 29.4
Ik 5

0 1 1

$2H0 Extraction 47} Promotion fitiE Heating

fig A% 146 51T Energy flows

7E: CFPP-ABER L GFPP-A UK. NI,
Note: CFPP- coal fired power plant; GFPP-gas fired power plant. The same
as blow.

B3 BRBTHRARAGLIRL CO, 5 FHK
Fig.3 CO, equivalent emission from solar greenhouse heating
with GSHPs

2.2 GSHPs {28k 2 ik
AWFFTH OIS GSHPs LIS 15k A2 725 4 H
JIHEFE COy M HEAHFER R22 & (COxeq.)
= AARHE R (SR AHIFSE R R22 4RI 5
(HEBEE) A0 116 kg/a CRUE 2%), WEHE
CO, {24 5N 714, GSHPs i % A 51T
iR ) R22 IR = SRR Y 5 686.8 kg/a. Hi
T AW AR IS 18] (GSHPs RELis4TIa) N
146 d, JiTLL GSHPs SEB5 (1) R22 i % AR
AN 2 2747 kg, MRPEIESELLEC RS H O
YA (480 m?) A FE X 55— A% R I U
(756 m®, PR TR AT LI 0 H OG0 3.45 1%)
(P = A S BB ) 455.8 AT 1 828.9 ke,
Wik 3 s, GSHPs 7E3£ T CFPP #l GFPP i Jj 4%
PR, B = pEmg a8 CRHEBCED 4394 18.3
153 t. T CFPP fl GEPP 510 K, I % fHLigm

AT R22 FBTRR A 73 3 200 2.4%H1 8.4%. CFPP
A GFPP 5L N, HOGIR 3 AL AR Sy I [ (i
WA TSy 51K 260.8 F1 75.6 g/(m™d).
*3 ETHEGRARIHAETENMBEARRFEEM
R EIE (CO, HE)
Table 3 Carbon footprint calculation of GSHPs greenhouse
heating based on life cycle assessment method (CO,eq.)

CFPP- CFPP-GSHPs GFPP- CFPP-GSHPs

Wt bR GSHPs Sfy BN, GSHPs ST HIFL AL
Study index  PEBRBRL N rIbRE AR DEBRIRAL N 1A OERE AR
kg W(gm>dh)  Hkg  Wl(gm>dT)
HhFRAESEI
Shallow geothermal 4 020.3 57.4 1093.7 15.6
energy extraction
HhFRRESETT
Shallow geothermal 12 199.8 174.1 36434 52.0
energy promotion
HuFRAE LI
Shallow geothermal 2 059.5 29.4 560.3 8.0
energy heating
o B 2
WOREE  ea798 2608 5297.4 75.6

Total carbon footprint

FE: CFPPJAMEAR LGPPSR AL, FDLIS MR 480 m®, i1
I 6] 146 do

Note: CFPP- coal fired power plant; GFPP-gas fired power plant. The area
of greenhouse was 480 m” and the heating lasted 146 d.

724 Venlo U35 % /2 H A tH 530 Bl A B 85k
T2 e 25 B0, A R K 43 12 2 700 i = {4 g L
RIR S N L. Torrellas 25K ] LCA Tkt T
Venlo i % MR AHME A& 7 9 20 A (KB AL 7502, WF 9
R BT s VLR BE ik 2 84 1.82 kg/kg (S
T 96%M RAR BRI H #ue® ). Harh E Ho.
VL A VU LR AE P B4 30 kg/(m*a) GRS
270~280d, fBE Rk ALY 1 m®) B A
5T 146 d (LB F= m 2 a4 = |2, B 15 kg,
AT MG I TR R S R B L R, 2B 4



55 8 ST I S AR R A5 T () 2K A S 153
T 5 VO ZLA R U R R Bk 23873 70k 2.53 (B GSHPs SR R P filve I Aa 41 i) R22 4 )it

T 80% I RARTHRBER] H 26D AT 0.74 kg/kg (i
T 2% RIS PEReRPD  FGE S CFPP 3K
5f) GSHPs L2 5 AL 728 ) Venlo T iR % RARSAERE
T AR TR 1.39 £%, AR 1T K GFPP, H 6l % GSHPs
BERE A5 L 51 K Venlo BT = AEBE T 41%.
2.3 GSHPs ik Bili-2£ Tk BE & BE
T A2 28 g 24 TR 5% i 1] DL pR A BRARRE W BE GWP
(COz-eq.) For, AWFFUHRE COy FEAIR HL ) A
RO DR R22 A I COz-eq HEBG S H
GSHPs 7E4 H Gl = 8% GWP {H. %t CFPP
1 GFPP 414 F, GSHPs H i = fLHEL: 20 a FlI
100 a FAEERZIAfE OL T i L 8 BRI ¥ e (GWP)
4y 18.29 F1118.00 t, 5.31 F15.02t, Wl 4 Fizr. Ik
Ah, HET 100a (111545 R L 20a (7SR 539 kb
T 1.6% (CFPP) #l1 5.4% (GFPP). it %<4+ CO,
— WANBE R Al RS 1 A B AR, (H & R22 73RBS
AT ECIRZ,  BER A R R . shah,
A7 AR YR % GSHPs AR5 2 7543 1) 3 T
20 a ff 261 g/(m*d) (CFPP) F1 76 g/(m*d) (GFPP)
B&AI M 100 a () 257 g/(m>d) (CFPP)AI 72 g/(m*d)
(GFPP).

300
§ M 20 a GWP and CFt 261 257
3 § 250 [J100aGWPand CFt
Lk o o~
B 5%
EE% o
# g B
TE 250
Jm =~
o2
B 2R 100
wEE 75 72
% 2 &S
HE  SOr
s 18.2918.00
5 5315.02
0 Nt .
CFPP-GWP ~ GFPP-GWP  CFPP-CFt  GFPP-CFt

GSHPsHL /72K 5 Power source
B4 RBRARZARZH/ELSIKRTELME (GWP) 5B
F 45 @ AR A A AR IR L (CFt)
Fig.4 Global warming potential (GWP) values and carbon
footprint (CFt) based on per square meters greenhouse floor

and per day of ground source heat pump system (GSHPs)
heating

3 Hit5EIW

1) 2007 —2008 4 it 15z 11 A 3 I $4 2 R 48
(ground source heat pump system, GSHPs) {EHtT
IR HL (coal fired power producing, CFPP) FlI#k
UK HL (gas fired power producing, GFPP) |, 7E
AEATHAIX 14> 480 m” [ H St I 5 A BE R A2 72593 531 Ky
18.3 HI 5.3 t, ik 4 EAAV, T A R A7 Iof TV PR Bz o 328

54 260.8 Fl 75.6 g/(m*d);
2) 4ET CFPP #1 GFPP HLJJ 4 AF 1, ANIFIHLT)

B DTHR R AT A K 2.4%F1 8.4%. /D4 713t
& LU ST A P 3BT 28 A O 208 o) v 50 4 A 18 T s b
RGP R AL I

3) BT 100 a FABE S RBRBERIIA U FLAR
ZAF N, GSHPs 7 % LBk F v (1) A 3K AR % 5 e

(global warming potential, GWP) CO, 4435 4
18.0 F15.0 t, BAKEA HL GSHPs IR ) LI ¥ A2 128
TR 3.6 A . HLALI )4~ J7 K = )
GWP (LL CO, #) 4351k 257 F1 72 g/(m*d). IL4h,
JET100 a () GWP T 5745 JL L 20a [ THSAR 7031 Bk
/T 1.6% (CFPP) Fil5.4% (GFPP);

4) HOGi=d CFPP 3Kl GSHPs HHE ¥ 2
75 Venlo AU % RAR AW L 2B 1.39 %, 2R
iK% GFPP, Htilla GSHPs LB [¥iH 2 2
Venlo R = ALBE 1) 41%.

AT g LUk JA Hi G (shallow geothermal
energy, SGE) ANWFFIXN S, WAREEEMN. At
I B % 11 R 3 A4 RE 45 2 B A i A 014 A Clife
cycle assessment, LCA) ZrMr% 8k, 45 M
BF 5 rp Rl O 23 A il R R DL A IR IR R
GRS TR IEA RO FR B & JE . R At
FAEAN IR B A FH B LCA ik i As
() ket 2 I T v A P il A T

(& % x @K
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Carbon footprint of ground source heat pump system in heating solar
greenhouse based on life cycle assessment

Chai Lilong"?, Ma Chengwei?, Liu Mingchi'?, Wang Baoju'? , Wu Zhanhui'?, Xu Yong™*
(1. National Engineering Research Center for Vegetables, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China;
2. Key Laboratory of Urban Agriculture (North), Ministry of Agriculture, Beijing 100097, China;
3. College of Water Resource & Civil Engineering, China Agricultural University, Beijing 100083, China,
4. Key Laboratory of Biology and Genetic Improvement of Horticultural Crops (North China), Ministry of Agriculture,
Beijing 100097, China)

Abstract: The Chinese solar greenhouse, characterized by east-west orientation, a transparent camber south roof,
and a solid north roof and east and west walls, is utilized primarily in horticulture in northern China. This design
of greenhouse can keep the sheltering plants from freezing in winter because of the “greenhouse effect”. However,
the healthy growing of plants still needs assisted heating especially during winter nights. The coal-fired heating
system (CFHs) and the natural gas-fired heating system (GFHs) both have been widely applied to heat
greenhouses. However, the conventional fossil energy sources, such as coal and natural gas, are non-renewable
and are the major greenhouse gas (GHG) contributors. The overusing of fossil fuel in agricultural production has
been directly or indirectly related to the global climate change, environmental pollution, and energy crisis.
Therefore, renewable and clean energy, such as solar, geothermal, and shallow geothermal has been increasingly
applied for greenhouse heating or cooling across the world. Ground source heat pump (GSHP) technology has
dual functions in heating and cooling. It is one of the most rapidly growing green technologies for heating and
air-conditioning in recent years. The GSHP application for solar greenhouse heating has proven to have a high
primary energy ratio or coefficient of performance (COP) in previously studies. However, the environmental
performance of the GSHP in heating solar greenhouse, such as its carbon footprint, is still unknown. Systematic
and long-term study of the specific GSHP greenhouse-heating was required to evaluate its carbon footprint based
on life cycle assessment (LCA) method. The GSHP in a Chinese solar greenhouse was studied to evaluate its
environmental performance in greenhouse heating. The environmental performance of the GSHP was analyzed
based on the field test data and the performance analysis models that were developed in this study. According to
the study, in a 480 m” Chinese solar greenhouse during the winter heating period, the GSHP demonstrated stable
heating effects. The shallow geothermal energy utilized by the GSHP, in the processes of energy storage,
extraction, enhancement of refrigeration compression cycles, and greenhouse heating, were studied to analyze the
greenhouse gas (GHG) emission inventory and emission levels based on per square meter of the greenhouse floor.
An analysis method based on LCA was developed for estimating the carbon footprint of Chinese solar greenhouse
heating with GSHPs in this study, the carbon footprints of a GSHP greenhouse heating system operating on coal
fired power and gas fired power were analyzed and calculated according to the data collected from a solar
greenhouse heated in the Beijing area. Meanwhile, the variation of global warming potential (GWP, CO, emission
equivalent or CO,-eq) of GSHP in heating a Chinese solar greenhouse from 20 to 100 a were analyzed. The GWP
of GSHP greenhouse heating operating on coal fired power and gas fired power were 257 g/(m”d) and 72 g/(m*d).
Meanwhile, the total GWP of 100a is reduced by 1.6% and 5.4% from the calculation of 20 a. Comparing the
carbon footprints between solar greenhouse heating with GSHP and Venlo greenhouse heating with natural gas,
the carbon footprint of solar greenhouse GSHP heating was 39% more than that of Venlo greenhouse heating
when GSHPs was operating on coal fired power, but the carbon footprint of solar greenhouse heating will be only
41% of Venlo greenhouse heating when GSHPs were operating on gas fired power. The GSHP heating test was
focused on a Chinese solar greenhouse in this study to estimate the environmental performance; however, the
carbon footprint calculation and analysis methods are applicable to different styles of multi-span greenhouse
GSHP heating analysis.

Key words: greenhouses; heating; carbon dioxide; ground source heat pump; carbon footprint; life cycle
assessment
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