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Comprehensive footprint assessment of apple and citrus loss and waste’

LI Tai', CHENG Guangyanz, HUANGJ iazhangz, FAN Xieyul, LU Shijunz**

(1. College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2. Institute of Food
and Nutrition Development, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: In recent years, food waste has become a global research topic, and fruit loss and waste is an important component
of food waste. From the place of origin to the table, fruit waste occurs during picking, post-harvest processing, storage, circu-
lation, consumption, and other stages with varying degrees of loss. Therefore, it is necessary to study the loss and waste of the
whole fruit industry in China and to analyze the impact of its resources on the environment. The purpose of this study is to
provide data to reduce the loss and waste of fruit and improve the utilization efficiency of ecological resources. Using apples
and citrus as examples, this study investigated all of the links in the whole fruit industry chain via questionnaires and field
visits. The total amount of loss and waste was estimated, including the ecological, carbon, and water footprints using key pa-
rameters, such as greenhouse gas emissions and water waste. A field survey was conducted in the main fruit marketing area to
investigate and analyze the loss and waste of fruit during production, post-harvest treatment, storage, circulation, and con-
sumption. This included 209 workers in the entire industrial chain in the main producing area and 271 consumers in the main
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selling area. The results showed that the wastage rates of apples and citrus were 18.56% and 17.15%, respectively, among
which the wastage rate of the circulation link was the highest, accounting for approximately one-third of the total wastage. The
wastage for apples and citrus were 719.86x10* t and 733.99x10%t, respectively, for a total loss of 1453.85x10*t. The ecologi-
cal footprint of apple and citrus wastage was 13.33x10* hm* and 13.76x10% hm?, respectively, and the total ecological footprint
was 26.09x10* hm? The carbon footprint was 92.37x10* t (CO, eq) and 102.98x10* t (CO, eq), respectively, and the total
carbon footprint was 195.35x10* t (CO, eq). The water footprint was 57.65x10° m® and 41.10x10% m®, respectively, and the
total water footprint was 98.75x10° m*. During circulation, jolting, bumping, and squeezing could damage the fruit, resulting
in loss; the highest in the entire supply chain. Bumps and squeezes during transportation were the main reasons for loss. Im-
proper selection and temperature control by consumers during sales also caused fruit spoilage. The highest carbon emissions
from production accounted for more than 90% of the carbon footprint, mainly due to the application of pesticides and fertiliz-
ers. To reduce fruit loss and waste and to improve the utilization efficiency of resources, some measures could be taken, such
as improving the mechanization and standardization of fruit production levels and reducing the use of chemical fertilizers and
pesticides. In the circulation process, operators must keep the environment clean and tidy. Moreover, an entirely cold-chain
process should be advocated, and waste should be opposed during consumption.

Keywords: Fruits; Food loss and waste; Whole supply chain; Ecological footprint; Carbon footprint; Water footprint
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Fig. 1 Schematic diagram of the loss and waste of the whole supply chain of fruits
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F1 ERMMERER 2= SRR
Table 1  Survey of the whole supply chain of apple and citrus
People number
Stage Stakeholder An overview of the stakeholders Apple Citrus
. . . L . 82 60
Agricultural production Farmer households Engage in production, harvesting and picking of fruits, etc.
Post-harvest handling ~ Agricultural product brokers Purchase fruits, commercialize fruits, sales, etc. 12 15
Workers at the production line Engage in classification, cleaning, drying, etc. after harvest
. 14 3
Storage Responsible persons of cold Managers in the process of fruit storage
storages
Distribution
Transport operators Long-distance fruit transportation practitioners 17 6
Retailers Fruit sales staffs in supermarkets and farmers’ markets
Consumption . 271 271
Consumer Fruit consumer
. 2y.
. S (hm?); C
(kga ), Y
(kg-hm >-a™),
CO; eq
EF=SxR 3)
b
. EF (hm?); S
(hm?); R _ _
, 0.74124] 18.01 kg(CO, eq)kg'  2.50 kg(CO, eq) kg’
’ ’ ' 2.17 kg(CO, eq)kg ',
1.4.2 ;
169.89 kg-hm 2,
[25,38]
) C02
[25]
b
[36-37] COzeq ,
[25,39]
(PA-LCA) « 2
0
CF=0, ¥EF, (4) ; 78%
40
. CF ) Qi B C ]’
( / |/ |/ ) EF :
(C02 N C02 eq)

R2 BBRABZMOEERRER

Table 2 Main technical and economic indicators of highway and railway transportation

Item

Petroleum consumption of Diesel consumption of

trucks

trucks

Diesel consumption of inter-
nal-combustion engine

Electricity consumption of
electric power engine

Energy consumption

Emission factor

7.76 L-(100 t-km) ™'
3.15 kg(COz eq)-L™"

4.72 L-(100 t-km) '
2.17 kg(COz eq)-L ™"

25.00 L-(10*-km) ™"
2.17 kg(COz eq)-L ™"

93.40 kWh-(10*t-km) ™"
0.85 kg(CO, eq)'’kWh™"

1.4.3

[41-42]
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Fig. 2 Loss rates in each stage of the whole supply chains of
18.56% 17.15% apple and citrus
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4.01% , 2.2
; , 32.33% 2.2.1
39.94 thm?,
3.32% 1.22% 1.30% 7.00% 4.31%, 42.58 thm*
40.82%( 2)
2019 >
1453.85 t 26.09x10* hm?,
719.86 t, 6.89%
16.97% 5.13%(  3)
#3 ERMHBEmLERENRENESET
Table 3 Ecological footprints (EF) of fruit supply chain loss and waste of apple and citrus
e ( )
A ield Balance Total loss (waste) Land demand area EF
Ttem V?tri%sz;e Land type factor?! (x10* 1) (x10* hm?) (x10° hm?)
Apple 39.94 Forest land 0.74 719.86 18.02 13.33
Citrus 42.58 Forest land 0.74 733.99 17.24 12.76
Total — — — 1453.85 35.26 26.09
2.2.2 , 97.10%
92.37x% , >
10*(CO, eq)  102.98x10* t(CO, eq), 70.87%,
195.35x10* t(CO; eq) 78.34%, 64.17%( 4)

R4 FERMME 2P B RFEFRENBRET

Table 4 Carbon footprints (CF) of fruit supply chain loss and waste of apple and citrus x10% (CO; eq)
ftem r s;;fi::t:tlif)?lnon Caf)[ﬁfsglt?;ie mcal:h?;:g f;éiziia(ln tranf}l:o(r){ation Total CF
Apple 70.21 9.33 10.08 2.75 92.37
Citrus 64.22 17.18 18.67 291 102.98
Total 134.43 26.51 28.75 5.66 195.35
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2.2.3 ; 9
[25]
57.65x10° m’,
41.10x10* m’, ,
98.75x10% m’, 69.81x10% m’, ,
16.20x10% m’, 12.74x ,
10°m’( 5)
F5 FERMHEBEEmLERENRENKESR ’
Table 5 Water footprints (WF) of fruit supply chain loss and > >
waste of apple and citrus x10* m’® ,
Item Green WF Blue WF  Grey WF  Total WF ’
Apple 40.38 8.13 9.14 57.65 ’ >
Citrus 29.43 8.07 3.60 41.10 5 5 5 >
Total 69.81 16.20 12.74 98.75
3 Hit5ihie ’ ’ ’
18.56%  17.15%, FAO
719.86 't 733.99 t, 1453.85
t
26.09%10* hm?, 195.35x10* t(CO, eq),
98.75x10° m’ : :
s 1/3
90% , ,
FAO (56%) , ,
(43%) 4 FAO ,
, 1/3, 48
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