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Energy use and carbon footprint of greenhouse
grape production in Gansu
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Abstract; [Objective] This study investigated energy input and carbon footprint composition of green-
house grape production in Gansu and identified main contribution factors of carbon emission to provide ba-
sis for clean production of greenhouse grapes. [Method] The greenhouse grape cultivation region in Gansu
was divided into five regions with different altitudes including Yongdeng County,anzhou,Liangzhou Dis-

trict, Wuwei, Gulang County, Huazangsi Town, Tianzhu County and Haxi Town, Tianzhu County. The data
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of grape production in 2019 were obtained through farmer household survey. The energy input,energy out-
put and carbon emission of each link in greenhouse grape production were calculated,and energy use effi-
ciency.energy productivity.net energy.specific energy and carbon footprint of greenhouse grape production
in regions at different altitudes were compared and analyzed. [Result] The energy input of greenhouse
grape production was 273 862—434 421 MJ/hm’ ,energy output was 170 723—327 962 MJ/hm® ,and grape
yield was 14 460 — 27 793 kg/hm®. Thus, the grapes in Gansu belonged to high input and high output
types. The energy use efficiency of greenhouse grape production was 0. 45—1. 13, energy productivity was
0.038—0.096 kg/M]J,net energy was —263 798 —2 496 MJ/hm’,and specific energy was 13. 51 —44. 85
M]/kg. The proportions of direct energy input and renewable energy input were low,while the proportions
of indirect energy input non-renewable energy input were high. Carbon footprint per unit area and carbon
footprint per unit yield were 32 959—55 075 kg/hm® and 1. 59—5. 70 kg/kg.respectively. Carbon footprint
was largely from nitrogen fertilizer input with proportion of 45. 5% —62. 4%. Comparison of different re-
gions showed that Haxi Town, Tianzhu County had the best indexes of low energy input,high energy out-
put,yield,energy use efficiency and energy productivity,the highest and positive net energy,the minimum
specific energy,carbon footprint per unit area and carbon footprint per unit yield. Huazangsi Town, Tianzhu
County had the worst energy use indexes and the largest carbon footprint. [Conclusion) Greenhouse grape
production in Gansu had low energy use efficiency and higher carbon footprint, with large spaces for im-
provement. It is suggested to apply scientific and reasonable management measures such as reducing nitro-
gen fertilizer usage and optimizing the ratios of nitrogen fertilizer and organic fertilizer, so as to improve
energy use efficiency,reduce carbon footprint and improve environmental effects for greenhouse grape pro-
duction in Gansu.

Key words: greenhouse grape;energy use efficiency;carbon footprint; Gansu provice
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Table 1 Numbers of greenhouse grape investigation samples in different altitude regions of Gansu

T2 X 3 R /m WAL P
Investigate region Altitude Investigation samples
N X Liangzhou District 1 500 32
IR E Gulang County 1 800 45
K& H Yongdeng County 2 100 51
KA H AL 7 45 Huazangsi Town, Tianzhu County 2 200 39
KA H M E 4 Haxi Town, Tianzhu County 2 400 34
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Table 2 Energy equivalents of inputs and outputs and carbon emission parameters of inputs in greenhouse grape production

TN TR YR REF(CO, D 2% 0
Input Energy equivalent Carbon emission (CO,-eq) Reference
ZJE (N) Nitrogen 92.024 MJ/kg 10. 605 kg/kg [16]
WL (P, O, ) Phosphate 20. 958 MJ/kg 1.504 kg/kg [16]
AL (K, O) Potassium 13.13 MJ/kg 0.984 kg/kg [16]
A5 L (Ca) Calcium 8.8 MJ/kg — [17]
AL (S) Sulphurous 1.12 MJ/kg — [18]
it S E AL Microelement 120 MJ/kg — [19]
A AHLAE Organic manure 0.297 MJ/kg 0.013 61 kg/kg [10]
£ Farmland (N, O) NX1.25% X298 kg/kg [20]
4K 24 Pesticide 240 M]J/kg 18 kg/kg [16]
JiE#kHL Rotavator 21 MJ/(kg * a) 0.21 kg/(kg * 2 [21]
4530 Diesel 6.65 MJ/kg 3.933 kg/kg [16]
HEWE K Irrigation water 1.02 MJ/m® _ [18]
i, /1 Electricity 11.7 MJ/(k « Wh) 1. 922 54 kg/kg [22]
AR 48 Plastic pipe and rope 3.23 MJ/(kg + a) 0.009 64 kg/(kg « a) [23]
b Mulch film 32.3 MJ/(kg * a) 0.096 35 kg/(kg * a) [23]
K Greenhouse film 10.767 MJ/(kg * a 0.321 2 kg/(kg * a) [23]
B Steel 1.174 32 MJ/ (kg » @) 0.118 54 kg/(kg » &) [24]
7K & Cement 0.159 MJ/(kg * a) 0.041 43 kg/(kg * a) [25]
4L4% Paper bag 46.6 MJ/kg 1. 69 kg/kg [21]
A 77 Human forces 1.96 MJ/h [26]
% Grape 11.80 MJ/kg [26]
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”

Note:In the table,“—

tilizers, N means total amount of nitrogen application.

1.3 HBHF

K H SPSS 13. 0 e it i 5, 4350 PLAS [m] IXC
Bl Sy 72 g DR 2R 0T R 2t ) 9 B A L 30 R AT B DR R
J7 2557 H B/ I 3 22 5 (LSD) 6 (P <C0. 05)
HEAT Ab 0] 22 5 o 25 M LA .

2 ZER 558

2.1 REHHFEFNEERANGHIW

3 WoR L HMNAE 5 AN R 3k X5 %= A
PR BE R B Al 273 862~434 421 MJ/hm’, }
LR AL B AR R ST B R, TR B X R
P Z BB E 2R BB ERTKEL, K
MERBERSKEBERZHM TR EER., HE 51

means no data,and blank means no such item. Farmland N, O including emission of both nitrogen and organic fer-

AN HROIXOBROR w4 AR T R BE i R R
170 723~327 962 MJ/hm?, Lo g i B M X & K
KA B AR B /DNl TR E R EL A B S B
X Z M) JG W 2 22 55, kOB B 5 R UL B AR R SF LG IR
F2S .5 AORIE X B 2= A R R 144 60~
27 793 kg/hm®, AN K i KL, H 5 HRE RHLE
MR BH 2 ) TG 3 25 5, AR A EL AR R T B AR /N L 7k
BHE RO ARSI B 25 UM XA TR
ELRE R L Al A R A s KA B AR
SEAHLAR AR B (AR L RN AR, U
DX 35l 5 7 4 A 7 R U e AN A B R AL EL A R R
e AR T B8 S A R R A BN AR A
LRG3,

®3 HREFAREBERFBEFTESTNEEAN EEHHRTENILER

Table 3 Comparison of energy input,energy output and yield of greenhouse grape

production in different altitude regions of Gansu

X4k RERHA/(MJ « hm *)
Energy input

Region

et/ (MJ « hm )
Energy output

Fedt/ (kg hm™®)
Yield

T X Liangzhou District

IR B Gulang County

7k & H Yongdeng County

KA EL AL =745 Huazangsi Town. Tianzhu County
KA E W E 4 Haxi Town, Tianzhu County

362 9224274 523 ab
398 623170 014 a
273 8624139 080 ¢
434 4214161 731 a
279 985482 411 be

327 962£174 145 a
323 484140 355 a
206 755+85 852 b
170 723495 395 b
282 481+£85 131 a

27793214 758 a
27 414£11 895 a
17 522+7 276 b
14 460+8 084 b
23 939+7 214 a

T« 3R T B R AR AN [/ T TR 3R R A [ IR 4R D ] 2% S5 Wk 25 (P <C0. 05) . TR [,

Note: Different lowercase letters after the data in the table indicate significant differences between different altitudes (P<Z0. 05). The same below.
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Table 4 Comparison of energy use efficiency, energy productivity,net energy and specific energy of greenhouse

grape production in different altitude regions of Gansu

X 5 il 2 R 2% At/ (kg » M] ') #fiERL/(M] - hm ®) A/ (M] - kg D)
Region Energy use efficiency Energy productivity Net energy Specific energy
M X Liangzhou District 1.134+0.64 a 0.09640. 055 a —34 960£342 171 a 17.64+20.58 b
R & Gulang County 0.95+0.56 a 0.080£0.047 a —75 1404221 249 a 17.32410.62 b
7K % H Yongdeng County 0.93£0.60 a 0.07940.051 a —67 106£165 223 a 18.61+11.88 b
W1 LAk g
el ﬁ#% < 0.45+0.29 b 0.0384+0.025 b —263 7984200 279 b 44,854+37.35 a
Huazangsi Town, Tianzhu County
- IS4
R 2B 1.10+0. 48 a 0.094+0.041 a 24964129 1652  13.5148.30 b

Haxi Town, Tianzhu County
TR 5 A R4k D = A A AR AT )4 BE H 4 253 328 ~404 060 MJ/hm”, D) Kl H
EEREE AR LR ARG E W AL SRR RO, RO RN IR B S R E
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5. 11%~13. 19%, i I XK K, 5 iR B R 25, 500X RO E MR B 5 R B 2 00 3 2
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Table 5 Comparison of direct energy.indirect energy and their proportion of input of greenhouse grape production in

different altitude regions of Gansu

5 BHIEREE AL/ % [i) 22 i k- / [z Re a5 L/ %
e g £ L . 2 ; !
Rbﬁ‘ L% ﬁb;/ (MJ =+ hm =5 Proportion of (M]J - hm %) Proportion of
Region Direct energy . . P !
direct energy Indirect energy indirect energy
WM X Liangzhou District 37 800424 236 b 13.19+10.40 a 325 1224278 121 be 86.81410.40 ¢
H R E Gulang County 61 695100 966 a 12.84416.81 a 336 9284135 045 ab 85.56+16.81 ¢
7k & B Yongdeng County 15 339426 225 b 5.11£6.32 ¢ 258 5224130 654 ¢ 93.92+6.32 a
aH Ak e
Iiﬂﬂ+ﬁﬂcjftﬁ . - 30 36111 805 b 7.4242.45 be 404 0604156 638 a 91.43+2.45 ab
Huazangsi Town, Tianzhu County
R Ik
RHLI IR 26 657+7 248 b 9.99+3.16 ab 253 328+79 631 ¢ 87.70+3.16 be

Haxi Town, Tianzhu County

HRE 5 DA R KSR E/E L ®/AN EMZE TR EZES RS SR8 AW AT A
AR R AT A R AR A BB T AR SR/ R Sk B R AL B AR SR B )
ditbng 6 s, MR 6 AT AFKEERE®Y  Z5. ARXEORE®RGA 70 BAEREAERA
WA AERERE N 22 074 ~47 789 MJ/hm®. H SRR 5 I8 /NTE 8. 13% ~15. 84 %, Hp
o DA DR R, B X TR B R AL B AR S B O X R HL W 3R T A X IR Rz R
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Table 6 Comparison of renewable energy,non-renewable energy and their proportion of input of greenhouse grape

production in different altitude regions of Gansu

X 45k
Region

WA R/ (M] « hm %)

Renewable energy

A PEAE R A IL/ 2

renewable energy

AT FHAE R/
(MJ] » hm™ 9

non— renewable energy

RATFAERR R S/ %
Proportion of non-
renewable energy

Proportion of

47 789£17 262 a
43 877+18 245 a

T X Liangzhou District
R B Gulang County

7k & H Yongdeng County 27 535+67 388 b
KA B AL TR 7 B .

H 4 .
Huazangsi Town, Tianzhu County 8765513 531 ab
KA E W B

+
Haxi Town, Tianzhu County 22 07415 262 b

15.84=+7.23 a
12.01+£4.87 b

84.16x7.23 ¢
87.9944.87 b

315 134273 369 be
354 746165 905 ab

8.77+9.01 ¢ 246 3274116 848 ¢ 91.23+9.01 a
9.47+3.85 be 396 768159 367 a 90.5343.85 ab
8.13+4.62 ¢ 257 911+£79 378 ¢ 91.86+4.62 a
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&7 AEHR, HRE 5 DARER X2
Vi) 7k 5 2 AR 7 R R IR A — R 5 DA
X Ja, B A7 1o FRURR FE 308N 32 959~55 075 kg/hm? , H
LR B AR R, S IRE TR E 2 % .1
P8 R T H A 3 4 X sk, KL B VR B A7 T R
1 0 H5e /0N s 5 N X K B L 22 ) O B 25 5L

BN DR YR Bl e 3 22 . AN [R] XS B A 7 o
WA 1. 59~5. 70 kg/kg. th DL K AL B A8 5 <5 41
Bk OB R T Al 4 A XL i Hofts 4 A~ K2
[B) G I8 3 25 5, PR o i A 3D /DN T DX 3 A H R
FE R AL B A B A, X3 I R A0 B R G ST L T A
A 7 I R S i K HL PR S SN A 25 WA R LB S 5D
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Table 7 Comparison of carbon footprint of greenhouse grape production in different altitude regions of Gansu

[X 35,
Region

By H BUBR A2 52/ (kg + hm ?)

Carbon footprint per unit area

BRI/ (kg » kg D)

Carbon footprint per unit yield

WM X Liangzhou District

B Gulang County

7k % B Yongdeng County

R EAE S5 41 Huazangsi Town, Tianzhu County
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Fig. 1 Analysis of carbon footprint sources of greenhouse grape production process in

different altitude regions of Gansu
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