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Abstract: Aiming at the problem of insufficient recycling and recycling of vegetable wastes, under the conditions of three
different on-site processing capabilities, the logistics network design scheme of vegetable waste reduction and resource
utilization system was discussed. the present study discussed a quantitative model of the VW-RRS that meets comprehensive
benefits based on the theory of circular economy, combined with reverse logistics theory and life cycle theory, and further
designed a logistics network of VW-RRS from multi-dimensional perspectives. For the systematic VW treatment, the
efficiency of the circular economy system has an obvious promotion effect. Based on the functions and interrelationships of the
various participants in the system and the goal of achieving sustainable development in the three dimensions of economy,
environment and society, a logistics network model of a reduced resource system has been established. Take Shouguang City
as an example to optimize and reconstruct the logistics network of vegetable waste reduction in this region. The research shows
that: after the vegetable waste is reduced, the total cost of the system is reduced; when the vegetable waste resource utilization
capacity remains unchanged, the ratio of vegetable waste recycling is increased, and the economic and environmental benefits
of the system are improved accordingly; The resource utilization capacity, the system's economic and environmental benefits
have also improved accordingly.
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cities and supply chains. Thus, the harmless treatment and
comprehensive utilization of VW has become an urgent
problem in China [2]. Vegetable and straw wastes are
explosively generated during the harvest season. Collection
and storage are of problems and it is difficult to handle them
in a short period of time by conventional procedures. VW in
most vegetable production bases is randomly accumulated
and burned on the spot and the waste is landfilled in urban.
This traditional and widely used treatment method has caused
serious waste of resources and environmental problems.
There is an urgent need to scientifically manage the source,
process and recycling of VW and establish a vegetable waste
reduction network system. Recycling is an effective means to

1. Introduction

The vegetable planting area and output are increasing year
by year in China. In 2018, the planting area reached 22
million hectares and the total output was 817 million tons.
China has become the world's largest producer and consumer
of vegetables and with that comes the problem of vegetable
waste (VW) [1]. In 2018, the VW in China was nearly 281
million tons, of which 234 million tons were recyclable. The
waste mainly derived from vegetable production bases,
distribution centers and processing sites. It not only takes up
a lot of area, but also pollutes the environment seriously and
further negatively affects the sustainable development of
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prevent pollution from the source. It is necessary to pay
attention to the protection and rational allocation and
utilization of resources while the economy is developing
rapidly. Effective use of agricultural waste resources will
help to promote the green development of rural areas and
create a new pattern of harmonious development between
man and nature.

"Agricultural waste" and '"recycling utilization" have
become the high-frequency emerging words in recent
research. This not only reflects the transformation of the
research objects of agricultural waste treatment, but also the
continuous emergence of agricultural waste utilization under
low-carbon constraints. Over the past two decades, scholars
have conducted extensive and profound discussions and
studies on agricultural waste management in China. Although
some progress has been made, there is still a long way to go.
The research mainly focuses on the recycling of agricultural
waste, its impact on the ecological environment,
development of animal husbandry, and its ecological
compensation.

The cutting-edge research shows that deepening
exploration of agricultural waste utilization under low-carbon
constraints is a trend of agricultural waste. [3] There are
complex practical problems in the utilization of resources
(especially energy) and finding effective ways to use
agricultural waste as resources. The Ministry of Agriculture
of China proposed the "Guidelines for Ecological Circular
Agriculture Projects in Comprehensive  Agricultural
Development Areas (2017~2020)" in 2016, aiming to
promote the efficient use of resources, reduce agricultural
inputs, recycle waste and standardize clean production
processes. Vegetable waste management was begun to be
studied in the late 1990s. At present, potential analysis,
influencing factors and the measures for reducing VW and
resource utilization have become the research focus and
hotspot in this field. Ru et al. established a dynamic model to
evaluate the economic effectiveness of vegetable waste
management to provide guidance for relevant decision-
making. Du et al. analyzed the advantages and disadvantages
of various resource utilization methods of VW, indicating the
potential for efficient use of the waste in China was huge. [4]

Since the 1980s, the waste treatment methods specifically
for VW, mainly including aerobic composting, anaerobic
digestion, aerobic-anaerobic combined treatment, etc. have
begun to be studied in many countries. [5] At present, the
VW treatment and utilization have become mature in the
developed countries. It can be divided into two categories:
one is the recycling through returning straw to the field. The
other is the industrialized use of straw. The industrialized
utilization mainly focuses on the new energy sources such as
straw power generation, compact fuel and cellulosic ethanol.
VW is also used to produce environmentally friendly straw
panels and building in the United States, Canada and Europe.
[6] In China, the waste is processed and reused mainly
through anaerobic fermentation and high-temperature
composting. [7] However, the recycling and comprehensive
utilization of the waste need to be further studied. Du’s

research (2015) indicated that composting is the most
effective way to achieve rapid resource utilization of VW in
China. [4]

Contingent valuation method, social capital theory, ordinal
probit model, circular economy theory are several methods
used to study the comprehensive utilization and management
of agricultural waste resources. [8-11] After the introduction
of life cycle theory into the food industry in the 21st century,
some scholars proposed to combine life cycle theory and
system dynamics to establish the integrated management
system and explore technical methods of food waste. Joel
determined the boundaries and functional elements of the
food waste management system based on the life cycle
theory, and further discussed different stages of VW
treatment, including collection, classification, transportation,
recycling, reuse, landfill, and the energy balance produced by
system. [12] Svanes Erik et al. investigated apple, sweet
cherry, plum and other fruit nurseries in Norway, analyzed
the orchard infrastructure and the full life cycle of the
orchard, then evaluate the environmental life cycle of product
waste generated through the value chain based on the life
cycle theory. [13] At present, the comprehensive VW
management using life cycle theory has not yet fully
implemented.

With the increasing concern of environmental issues
around the world, the widespread recognition and application
of circular economy theories, many countries around the
world have issued corresponding laws and regulations to
encourage waste recycling. The theory of material recycling
based on reverse logistics has become a hotspot. Sun et al.
analyzed and summarized the Japanese quantitative measures
and management systems that strengthened the management
of food waste reduction and recycling, including quantitative
management organization system, target quantitative system,
a statistical investigation system, and a waste quantitative
management system. [14] In addition, Song and Chai
analyzed and compared the advantages and disadvantages of
4 different VW treatment and utilization modes in
Shouguang city, China, as well as 3 off-field treatment modes
from the perspective of economic benefits. They concluded
that in terms of processing cost, processing volume and
product quality, none of these treatment methods were the
completely satisfactory solutions to the problem of VW
pollution in China. [15] At this stage, the harmless treatment
of VW in China is still relatively low. A large amount of
waste is incinerated on-site and directly landfilled. Although
on-site incineration can effectively kill pathogenic organisms
and reduce their reproduction and spread, it will generate a
lot of dense smoke, causing a series of serious air pollution
such as haze weather. While direct landfilling is simple and
low-cost, but it is easy to spread pathogens and aggravate
continuous cropping obstacles. Besides, organic wastes are
prone to produce bio-toxicity during the accumulation of
landfill, leading to serious agricultural non-point source
pollution and resource waste. At the same time, it also
resulted to the problems such as pesticide residues, soil
structure destruction and secondary soil salinization.
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Therefore, increasing the recycling is the most reasonable
and effective way to solve VW problem at present and in the
future.

The current resource utilization of vegetable straw waste is
still in its infancy. Government agricultural departments,
vegetable straw waste treatment enterprises and vegetable
production and operation organizations need to continue to
promote its development together. Reviewing the previous
literature, a certain amount of explorations and studies have
been carried out on the reduction and recycling of vegetable
from different perspectives in recent years, and they have
made some important achievement. A vegetable waste
reduction and recycling system (VW-RRS) has been studied
and discussed widely from the perspectives of economy,
environment, and society. In order to achieve the coordinated
development of economy, environment and society, more in-
depth quantitative researches are needed. For example, using
mathematical programming models, starting from the
perspective of the combination of supply chain and system,
integrate the economic, environmental and social benefits to
investigate the VW resource reduction system.

In view of this, the present study discussed a quantitative
model of the VW-RRS that meets comprehensive benefits

based on the theory of circular economy, combined with
reverse logistics theory and life cycle theory, and further
designed a logistics network of VW-RRS from multi-
dimensional perspectives. For the systematic VW treatment,
the efficiency of the circular economy system has an obvious
promotion effect.

2. Problem Description and Basic
Assumptions

2.1. Problem Description

Vegetables generally show the characteristics of strong
seasonality, short storage period, difficult to transport and
perishable. The peak harvest period is generally in the high
temperature season. Vegetable waste derives from every
stage from seedlings to maturity, harvest to market, then to
processing. The distribution of the waste is relatively
concentrated, mainly in vegetable production areas,
vegetable distribution centers and vegetable processing
places (Table 1). [16].

Table 1. Distribution of vegetable waste.

Distribution area Waste

Percentage

Vegetable production areas
Vegetable distribution centers
(mainly small and medium

wholesale market) complexity.

The inedible or non-commercial parts of trimmings produced during the process of
ordinary packaging (tray vegetables) and fresh-cut vegetables (clean vegetables)
before entering the market, catering industry, and household pre-edible processing

Vegetable processing sites

Waster from pruning, pest damage and pulling seedlings
Vegetables are perishable. Leafy vegetables cannot be transported over long
distances. Eggplant fruit and vegetables organization no food value, variety and

60%-70%
10%-15%

20%-25%;

The loss of leafy vegetables is
the highest, with a loss rate of
up to 60% in summer. [16]

The vegetable supply chain consists of a series of complex
processes which produce a lot of waste including roots, stems
and leaves with no commercial value, vegetables bitten by
insects, bruise vegetables, rotten vegetables as well as that
cannot be sold due to deterioration. The waste is generally

Qld leaf

treated by some basic methods with low economic and
environmental value, such as animal feeding, anaerobic
digestion, composting, incineration, land spreading and
landfilling.

Airing, drying » feed

—>| Stalk, straw H Sorting, crushing, carbonization }—>| Power generation |

L4

—)[ Residual root }—}[ Split training, crushing, fermentation }-m:w energy, biogas |

—>I Branches, vines

Chop and stir I—)l Add strains to make organic fertilizer |

ajsem ajqejabap

—)| Insect bites, bruises, rot (residual seedlings and rotten fruits) Landfill

—>| Film, plastic rope }—Pi Classification processing H Plastic products such as pipes|

Figure 1. Treatment methods and recycling of different types of vegetable waste.

Different types of VW are treated and recycled by different
methods. The leaves are shredded, sorted, screened and then
processed into livestock feeds of varying specifications,
thereby reducing the consumption of feed for the aquaculture

industry. Roots and stems are chopped and reused as fuel.
Treatment of straws is a focus of VW recycling. After
crushing and screening machine on site, some straws are
mixed with livestock manure and biological bacteria and
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directly returned to the field for fermentation to form organic
fertilizer afterwards. Some are transported to renewable
processing plants to produce various renewable materials and
clean energy. Different VW treatment methods and the uses
after treatment are shown in Figure 1.

VW can generally be divided into three types: First,
recyclable waste. The waste can be kept intact, clean and
arranged and then directly recycled for feeding livestock.
Second, waste that does not meet the previous point, but can
be converted into renewable energy or renewable raw
materials through special processing such as crushing,
mixing, stirring, drying, adding biological bacteria,
fermentation, etc., is called recyclable VW. The renewable
energy can replace traditional raw materials including biogas,
organic fertilizer, straw carbonization, biomass oil, etc..
Third, non-recyclable VW. The wastes cannot be reused or
recycled in the first two methods and are finally landfilled.

3R refers to the three principles of VW reduction in
circular economy (reduction, reuse, and recycling) to guide
the practice of VW treatment. Reduction refers to decreasing
the amount of waste generated from the output of the system.
For example, provide relevant training for production
personnel or increase technical input to obtain high-quality
vegetables, so that they can be used by consumers to the
greatest extent thereby cutting down the waste. Recycling
means the effective classification, simple cleaning treatment
and recycle of VW so that they can be used again. Reuse
refers to using wastes again after reprocessing in the output
stage, such as making vegetable straws to organic fertilizer
and on-site retting of straws to the field to save the final
landfill processing capacity.

The process of VW reduction involves multi steps and
various environments. Collection, classification, preliminary
processing, loading, transportation, bagging, remanufacturing,
sales and landfill are the major steps of VW treatment and

Classification
processing
v

(With the conditions for
on-site disposal of
vegetable waste) Farmland
or facility vegetable
planting greenhouse

h A

Landfill —»

—Cycle processing

Classification
processing

Elimination
field

Elimination ) Recycling processing—Sales of recycled waste
field
Recycling plant Sales

essential considerations for establishing an overall system.
And the system should include the elements of people,
objects and environment:

People means the stakeholders involved in the VW-RRS,
mainly include vegetable planting bases or farmers,
transportation companies, renewable resource processing
plants, landfill treatment sites and relevant personnel in the
consumer market. The attitudes of the above-mentioned
personnel play a vital role in the efficient operation of VW.

Objects refer to all facilities used in the process of plant
and all steps of the waste treatment, namely collection
devices, loading equipment, crushing equipment, auxiliary
biological fungi, testing and screening and sorting equipment
as well as transportation vehicles.

Environment includes political, legal, cultural, economic,
ecological, and technological background.

The goal of the VW-RRS is to maximize the
comprehensive benefits of the economy, environment and
society through scientific and effective management of the
elements in the system, related elements, and related links
under the circular economy model. The key process of
establishing the VW-RRS is summarized in Figure 2 based
on the life cycle theory, combined with analysis of literature
data. In the figure, the ellipse represents the node site which
is the bases with on-site processing conditions for vegetable
waste (osPCfVW). The waste can be classified in the node
site, the recyclable waste can be recycled and the non-
recyclable can be transported from or landfilled here. The
square represents the function of the node site. However,
bases with o0sPCfVW need to transport VW to the disposal
site for storage, sorting, recycling and landfill. The bases that
have the conditions sell the classified recycled waste to the
market and the recycling processing plant offer the recycling-
related products obtained to the demand market.

Classification
processing

(Without the cenditions
for on-site disposal of
vegetable waste)
Farmiand or facility
vegetable planting
greenhouse

Storage and
processing

Sales of recycled waste

Figure 2. Flow chart of vegetable waste life cycle management.

2.2. Basic Assumptions

Based on literature review and the need to solve practical
problems, the following hypotheses are proposed:
Assumption 1: the VW is disposed of in compliance with

regulations, regardless of the situation of illegal landfill.
Assumption 2: The processing sites are both the
production location of VW and the demand point of
renewable resources. It is assumed that the demand for
renewable resources at different demand points can be met.
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Assumption 3: There is no loss of recyclable VW during
the treatment process.

Assumption 4: various costs and benefits are calculated
from the perspective of the supply chain system.

Assumption 5: the unit prices of renewable resources from
different processing sites of VW in the market are all the
same, where the price refers to the average price.

Assumption 6: since renewable resources are not suitable for
long-term storage and must be used in time, they are
immediately transported to the corresponding demand point or
processing station after the collection and classification and the
produced renewable resources are quickly transported to the
corresponding market. Therefore, the demand for the market,
the storage and storage costs are not considered here.

Assumption 7: the unit classification cost of VW in
processing stations is lower than that in a single vegetable
planting area due to the advantage of scale effect.

Assumption 8: the capacity limits of different processing
facilities are known in advance.

Assumption 9: the transportation cost of VW has a linear
relationship with transportation volume, distance, and unit
transportation cost.

Assuming 10: the operating cost of transport vehicles will
remain unchanged for a certain period of time.

Assumption 11: congestion, congestion in transportation and
failure of the vehicle itself are not taken into consideration.

Model Building

Definition of Model Parameters and Decision Variables.

Index

b , vegetable planting bases that do not have the
osPCfVW.

b, vegetable planting bases with osPCfVW and can
directly return the waste to the field.

b, vegetable planting bases with osPCfVW but cannot
directly returned it to the field.
Rp , recycling processing station.

[, disposal field number.

M, renewable resource consumption market.

Parameter Setting

0, , the quantity of VW produced by vegetable planting

bases without osPCfVW.
O, , the quantity of VW produced by vegetable planting

bases with osPCfVW and can directly return the waste to the
field.

O, the quantity of VW produced by vegetable planting

with osPCfVW but cannot directly return waste to the field.
Fe,, fixed opening cost of indirect return VW to field.

Fe,. , fixed opening cost of direct return VW to the field.
Fcy, , fixed opening cost of recycling processing station.

Fc,, fixed opening cost of the consumption market.
S, , government subsidies for every ton of VW directly

returned to the field.
Sgy » government subsidies for every ton of VW processed

in the recycling process.
S; , government subsidies for every ton of VW buried in

the waste disposal field.
Pc,» , the maximum processing capacity for direct return.

Pcy, , the maximum processing capacity of recycling

processing station.

Pc,, the maximum absorption capacity of the absorption
field.

D,, , the distance from the vegetable planting bases
without osPCfVW to the waste disposal site.

D, , the distance from the vegetable planting bases with

osPCfVW and can directly return waste to the field to the
consumption field.
D,.,, the distance from the vegetable planting bases with

osPCfVW but cannot directly return waste to the field to the
consumption field.
Dyg, , the distance from the disposal site to the recycling

processing station.
D,, , the distance from the consumption yard to the
demand site of renewable resources.

D,. ., the distance from the vegetable planting bases with

0osPCfVW but cannot directly return waste to the field to the
site of demand for renewable resources.
D,y » the distance from the recycling processing station

to the site of demand for renewable resources.
C, , unit classification cost of VW from vegetable planting

bases with osPCfVW.

C, , unit classification cost of VW from vegetable

planting bases with osPCfVW but cannot be directly returned
to the field.

C, , unit classification cost in the disposal field.

Cy,, » unit processing cost of recycled VW at the recycling
processing station.

Cl; , unit landfill cost of VW in the disposal site.

w , recycling rate of the recyclable VW directly returned
to field.

w, , recycling rate of recyclable VW non-directly returned
to field.

wy, the proportion of recirculated processing VW.

C,. >
unit quantity.
C, , transportation cost per unit distance of renewable
resources per unit quantity.

0D, , the demand for renewable resources in the

the transportation cost per unit distance of VW per

renewable resource consumption market.
P, average unit sales price of recycled VW.

P,

processing.
Decision Variables
M ;=10 =: 1, open direct return processing point. 0, do not

unit sales price of renewable resources after recycling
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open direct return processing point.
My, =10 =: 1; open recycling processing station. 0, do not

open recycling processing station.

M,;=10 =: 1, open a dissipating field, 0, do not open a
dissipating field.

N, the amount of VW directly returned to the field.

Ny, , the number of VW transported from vegetable

planting bases without o0sPCfVW to the disposal site.
N, , the number of VW transported from the waste

disposal plant to the recycling processing station.

Nb‘Rp, the number of VW transported from vegetable

planting with osPCfVW but cannot directly return waste to
the field to the recycling processing station.

Ny, , the number of VW transported to the disposal field

from vegetable planting bases with osPCfVW and can
directly return waste to the field.

N,:,, the number of VW transported to the disposal field

from vegetable planting bases with osPCfVW but cannot be
directly return waste to the field.

N, , the quantity of renewable resources transported to

demand points from vegetable planting bases with osPCfVW
but cannot directly return waste to the field.
N,, , the quantity of renewable resources transported from

the consumption yard to the demand point.

N ppm » the number of recycled resources transported from

the recycling processing station to the demand point.

Model Building

The benefits of VW-RRS is evaluated by revenues and costs
of each node site. To be specific, the revenue comes from the

ZCZI[ZNN (l—w1 -w, —w3)+
i b

Total transportation costs (including labor costs, fuel costs
and transporting means costs). It includes expense of
transporting VW form bases without osPCfVW to the storage
field for disposal and of transporting recyclable VW to a
recycling processing plant. For the vegetable bases with
osPCfVW but unable to directly return waste to the field, the
recyclable VW are transported to a recycling processing plant

CW’[ZZNMDMM/+ZRZNIRPDIRPMRP zz b'Rp bRpMRP+ZZ bl szzMj+zz b'l bl
p

b I i

sale of renewable resources and the costs mainly include the
purchase cost of the facility, the classification and processing
costs of VW, the landfill cost and the total costs of
transportation. In summary, the system revenues are measured
from three dimensions: economy, environment and society.

Total start-up costs of the system (mainly including
mechanical equipment costs which should be deducted from
farm machinery purchase subsidies; land and management
costs).

D Fe,M;+ ) Fep,Mg, + Y FeM, (1)
J Rp !

Total costs of classification (including labor costs, costs of
renting or purchasing classification equipment, costs of straw
collection, etc.), that is the classification costs of the storage
field for disposal, the vegetable bases with o0sPCfVW and can
and cannot directly return waste to the field.

ZZNHCIMI +zcb'Qb'Mj +ZC5‘QI; @)
b b b

Total processing cost (including raw materials costs, labor
costs, drying costs, energy costs, equipment operation costs),
that is, the processing costs of recycling processing plant.

ZQ%ZWWM+Zmﬁ%m 3)
Rp I} b

Total costs for landfill (landfill costs required by the
market), is the landfill costs of the storage field.

ZNb'le+ZNb"1]MI 4)
b b

and then the recycled resources is to places with needs, while
the non-recyclable VW are transported to the storage field for
landfill, then the storage field for disposal will transport
recyclable VW to markets with needs. As for the bases with
osPCfVW and can carry out direct return to the field, the
non-recyclable wastes are transported to the storage field for
the landfill. The transportation process incurs the costs.

)

+Cpt ZZNIWDI’"MI zz b'm bm+zzNRmeRpmMRp

I m Rp m

Sales revenue of renewable resources:

ZZ%+%ZZ%M@ (6)

Rp m
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Government subsidies:

ZN S;M, +ZZN,RPSRPMRP +ZZ Ny oM, +ZZNb,S,M, +ZZ
b I b1

The Maximum Total System Revenues (Economic Dimension)

N, SM,; + ZZ
b 1

Ny SiM, (7)

Total revenues for the reduction and resources recycle system of VW.

Max = PM(ZZNb‘mMj DN, +ZZNWJ+PRP
b om b om I m

_ZN_/S_/M_/ +Z;N,RPSRPMRP +Zz v rySeo My +;ZI:N}7,SIM, + ;ZI“NMS,MI +;ZI:NB.]S,MI

L Z :

_ZFCij +Rzp:FcRpMRp +ZI:FC,M]] —[;ZI“NMC,M, +;cb,Qb,Mj +;Cbqu,.]

_%CRP {ZI:NIRPM, +;Nb‘.RpJMRp - Zl:Cl] {;Nb, (1=w; = wy = w3) +;Nb,le +;anlJM

{ZZN,,,D,,,M,+ZZN,RpD,RpMRp+ZZ yroDs RPMRP+;ZI:NMDMM,M_/+;Z[:N17 D, IM,]

D) ST

+

Rp m

CEPRRMRTES ) S

Where, the first three items are the restricted revenues of
renewable resources, including various government
subsidies, and the followed are the total costs spent on start-
up, classification, processing, landfilling and transportation.

The Minimum Average Transportation Distance Per Unit
of VW (environmental dimension)

The analysis of life cycle of VW indicates that

ZZNRPWMRP

Rp m

®)

transportation is the link that has the greatest influence on
environment. Besides, it also pointed out that the energy
consumed in the transportation process even exceeds the
energy generated from recycle and reuse. At here, in some
practices like drawing lessons from others, the impact of
transportation on environment is measured by the average
transportation distance.

ZszlDblMl+zleRleRpMRp+ZZ b'Rp thMRp+ZZ bl bl
+ZZ b'l ],]Ml+zleleli+zz b'm [,,,1+ZZNRmeRpmMRp

Min Md =

Rp m

optimization,

)
ZZNMM/ +ZZNlRpMRp +ZZ srp™Mro * ZZ
b Rp
+ZZ M, +ZZN1 Mot 2.2 Vi +ZZNRpmMRp
b1 Rp m
The numerator represents the total transport distance after  social benefits of the system.
and the denominator represents the total
Max pg =w, +w, +w, (10)

transport quantity.

The Maximum Comprehensive Ratio of Recycling and Re-
circulation (Social Dimension)

The degree of utilization of the VW is indirectly
represented by the sum of recycling and reused proportion
(including waste directly returned to the field) as well as the
recirculated and processed proportion. The higher the
utilization rate, the smaller the negative impact on the
society. So the sum of proportions is used to describe the

Where w; is the recycling rate of waste directly returned
to the field, w, is the proportion of recycled waste non-
directly returned to the field, wy is the proportion of

recirculated processed VW.
Constraints
The model must meet the following constraints:
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The quantity of VW that can be directly returned to the
field is equal to the total amount of waste produced in all
vegetable bases.

O = N;M;.0j (11)
J

The quantity of non-recyclable VW produced in the
vegetable bases with osPCfVW and can carry out direct
return to field is equal to the total amount of non-recyclable
VW that are transported to all storage fields for disposal.

0, (1=wi =w, =wy) = > N, M, 06 (12)
!

The quantity of non-recyclable VW produced in the
vegetable bases with osPCfVW but unable to directly return
waste to field is equal to the total amount of non-recyclable
VW that are transported to all storage fields for disposal.

O, (1=wy =wy) = > N, M, 0b' (13)
i

The quantity of all VW that are produced by the vegetable
bases without osPCfVW is equal to the total amount of VW
that are transported to all storage fields for disposal.

0y = > NyM,.0b (14)
!

The quantity of renewable resources that are generated by
recyclable VW in the bases without osPCfVW is equal to the
total amount of products that are transported to all renewable

resource markets.
Zwaz = zzszMz
b I m

The total quantity of recyclable VW produced by the
vegetable bases with osPCfVW but unable to carry out direct
return to field is equal to the amount of recyclable VW that
are transported to all recycling processing stations.

Oyw; = Z Ny ppyM rp>Ub
Rp

(15)

(16)

The total quantity of recyclable VW that are transported to
the storage field for disposal and produced in the vegetable

Nyi> Nigy» N,

bRp’® b"Rp’N' Ny

b1 B

3. Empirical Research
3.1. Relevant Data

The Shouguang City (Vegetable) Industry Revitalization
Plan (2018-2022) showed that in 2016, the perennial planting
area of vegetables in Shouguang City was 1.21 million mu,
with a total annual vegetable production of 6.6 billion

N},"m’N},'m’Nlm’NRpm >0,0b,b,b ,Rp,I,m

bases without osPCfVW is equal to the amount of recyclable
VW that are transported to all recycling processing stations.

WSZNblMl = ZNlRpMzMjaDj
b Rp

(17)

The amount of renewable resources that are converted by
recyclable VW transported to the recycling processing
stations is equal to the sum of the products transported by the
recycling processing stations to all renewable resource
markets.

Z Nb”RpMRP + Z NIRPMIMRP = z NRpmMRp > DRp (18)
b l m

The amount of renewable resources converted by
recyclable VW produced by the vegetable bases with
osPCfVW but unable to carry out direct return to field is
equal to the sum of the products transported to all renewable
resource markets.

Qyw, =Y N, M, 0b (19)

The quantity of recyclable VW that are transported to the
recycling processing station shall not exceed its maximum
disposal capacity.

> Ny My + 2 NigyM My, < Peg, My, . ORp (20)
b /

The quantity of non-recyclable VW that are transported to
the storage field for disposal shall not exceed its maximum
disposal capacity.

D NuM D N MM+ N, M, < PeM,, 01 (21)
b b b

The total amount of products transported to the market for
renewable resources should be greater than its market
demands.

D N M+ Y Ny +> Ny, My, 20D,,,0m (22)
] b’ r

Variable type constraints:

My, 0{0,1},0Rp; M ; O{0,1}, 0j; M, D{0,1},07; (23)

24

kilograms and an increase of 4.8 billion yuan in revenue. The
amount of VW produced by the entire city reached 2.29
million tons. The Shouguang City Vegetable Wastes
Recycling and Reutilization Measures and Implementation
Rules were formulated and promulgated in 2019, according
to the public data released by the Shouguang Vegetable and
Agriculture Bureau. 17 enterprises participated in the project
and planned to process 1.15 million tons of VW annually. At
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present, there are 15 enterprises dealing with VW in the city.
The annual recycling and reuse of VW exceeds 150,000 tons
and the rest of the waste is completely transported and
cleared through environmental sanitation integration. [17]
Shouguang City has explored and established a mode of
socialize service + market-oriented operation that relies on
professional management and service organizations to
complete the recycling and reuse of agricultural wastes, such
as VW and straw wastes. The government supports industrial
development through service purchases, equipment ancillary
and product subsidies and also adopt some technical
operation modes such as the regional centralized and the
block-based socialized treatment mode, considering the
actual situation of agricultural production and the
characteristics of VW generated in various regions, which
have promoted the sustainable development of
comprehensive utilization in VW.

The counties and districts under the jurisdiction of
Shouguang City are taken as the objects to study the VW
treatment, among which, a single district or county was
considered as an independent object. Shouguang City has
over 5 sub-district administrative offices, namely
Shengcheng Street, Wenjia Street, Luocheng Street,
Gucheng Street and Sunjiagi Street. Besides, it has 9
towns (Daotian Town, Hou Town, Jitai Town, Hualong
Town, Shangkou Town, Tianliu Town, Yingli Town, Taitou
Town, Yangkou Town) and 975 administrative villages, of
which 483 are villages specially for vegetable planting,
accounting for 50% of the county-level administrative
villages. Due to urban planning and geographical location
restriction, the northwest, southwest, central old urban
area and eastern area of Shouguang urban do not have the
condition to classify and dispose VW. In the western part
of central urban area, the high-tech agricultural industries
assemble in the area of about 2 square kilometers from
east to the Western Ring Road, south to the Shengcheng
Street, west to the Yangqing Road and north to the
Northern Ring Road, which are committed to agricultural
innovation, agricultural exhibition and related supporting
service. The remaining sites located in the second, third
and fourth layers are sufficiently large for the
classification and disposal of VW. Some districts and
counties are not only the production sites of VW, but also
the consumption market of renewable resources. The
number of recycling processing stations is assumed 15, the
maximum processing capacity of each is 200,000 tons,
and the fixed start-up cost is 3 million yuan. Four storage
fields for disposal of VW are confirmed, located in Bohai
Road, Shouguang City, Cui Jia Zhuang village, Sunjiagi
Street, Yangkou Town and Daotian Town. Their maximum
processing capacities are 1 million cubic meters, 200,000
cubic meters, 100,000 cubic meters and 500,000 cubic
meters, respectively and the total amount of VW that can
be disposed of is approximately 1.8 million cubic meters.
The corresponding fixed start-up costs of them
respectively is 1 million yuan, 300,000 yuan, 200,000
yuan and 600,000 yuan. In addition, other data involved in

the model solution process come from the real data
released by Public Information Network of Shouguang
Statistics and the relevant published research reports.

The spatial distribution of vegetable specialized villages
in Shouguang City is relatively concentrated, generally in
the southwestern. The spatial distribution of each villages
is quite different and the regional density is obvious,
which indicates that the concentration degree of
specialized villages in each town is different. The
development degree in Jitai Town and Sunjiagi Street is
high, followed by the Daotian Town and Luocheng Street.
Hualong Town, Gucheng Street, Shangkou Town are
relatively less developed. Shouguang City adopts five
models to promote the disposal of VW recycling. The first
is straw bio-oil model. VW are made into the biomass fuel
and biochar powder through high temperature pyrolysis
and liquefaction technology, and then to produce the
biomass extracting solution and biochar fertilizers trough
deep processing. The second is the straw organic fertilizer
model. Vegetable straws are made into organic fertilizer
through bio-fermentation technology so as to realize
recycling. The third is straw carbonization model.
Eggplant, pepper, tomato and other highly lignified
vegetable straws are produced to charcoal by high-
temperature sealing carbonization technology, thereby
achieving pollution-free emission. The fourth is the straw
methane model. Straw, livestock manure and other
garbage are made into biogas, which is used in human
production and daily life. The biogas residue and biogas
slurry can be used as fertilizer for agricultural production.
The last one is straw solidification model. After
solidification the waste is sent to the biomass power plant
to burn for power generation.

Shouguang City Vegetable Wastes Recycling and
Reutilization Measures clearly stipulates the collection,
transportation and recycling of VW and implements the
operation mechanism supported by government and managed
by enterprise. Besides, the government provides appropriate
subsidies to enterprises in accordance with the amount of
VW processed. A subsidy of 30 yuan is given to the recycling
enterprises (producing organic fertilizer, straw carbonization,
solidification, bio-oil making, biogas production) for each
ton of nightshade (eggplant, pepper) wastes processed, 60
yuan for each ton of vines wastes. A subsidy of 20 yuan is
given to the biological power plant for the burn of every ton
of VW (Figure 3). [18-19]

3.2. Model Solution

Under the condition that the proportions of VW are
directly returned to the field, recycled and recirculated,

respectively (assuming the proportions are w; =0.15 |

w, =0.35, w, =0.30), the supply chain network model of

VW is a traditional large-scale 0-1 mixed-integer nonlinear
programming. The ideal point method is adopted to transport
VW or renewable resources between different nodes by
following the principle of the nearest distance.
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Figure 3. Distribution of storage fields for vegetable wastes disposal in
Shouguang City.

The real data published by Shouguang Statistical
Information Network and related public research report
were collected and substituted into the model for building

partial correlation formula, then the Lingo was used to
solve the formula. The results are shown in Table 2 and
Table 3. Table 2 shows that the total cost of the system is
greater than the sales revenue of renewable VW products
and the total revenue of the system is negative. One reason
is the fixed startup cost when the system was initially
established. Besides, even with the reasonable and
effective reverse network design under the existing
conditions, the transportation cost is still high, accounting
for nearly 85% of the total cost. However, if the VW are
directly filled into land without any treatment, the total
cost (sum of startup cost, transportation cost and landfill
cost of storage field for disposal) reaches 758.59 million
yuan. By comparison, it can be found that the optimized
system saves about 478.1 million yuan. For users
downstream in the external supply chain of the system, the
price of renewable resources with the same quality is
much lower than the market price, which save the cost of
purchasing raw materials. In 2019, the Central Finance in
China highlighted the policy of green orientated,
agricultural machinery purchase subsidy requirements
released by the Ministry of Agriculture and Rural Affairs
of the Peoples Republic of China from 2019 to 2020
which were developing green agricultural machinery in
line with demands, including strong support for returning
straw to/out of the field, promotion and application of
green and efficient equipment such as resource utilization
of VW and setting agricultural machinery purchase
subsidy funds for green farm machinery.

Table 2. Objective function, revenue and total cost.

A t tati
Revenue (Million Yuan) verage transportation

Sales revenue (Million Yuan)

(EOCILTINE T Total cost (Million Yuan)

distance (km) (Million Yuan)
-224.09 30.16 478.1 56.4 758.59
Table 3. Costs of the vegetable waste reduction and recycling system.
Startup cost Classification cost Processing cost Landfill cost Transportation cost
Amount (Million Yuan) 34.7 50.8 30.57 4.52 638
Proportion 4.57% 6.70% 4.03% 0.60% 84.10%

In addition, as for VW-RRS, VW is used as straw fertilizer
that can improve soil quality and promote the healthy growth
of vegetables and minimize the occurrence and spread of
vegetable pests and diseases, thereby reducing the amount of
pesticides. It also decreases the use of traditional fertilizer
and therefore cuts down the arisen pollution on land, air and
water. In a word, recycle and reuse of VW can not only save
natural resources but also effectively protect the
environment.

It can be seen from Table 3 that in the cost structure of the
VW-RRS, the transportation cost accounts for 84.10% and is
the highest among all kind of followed by the classification
cost, the startup cost and the processing cost. Therefore,
taking effective measures to reduce transportation costs has
become the further thinking and research direction of system
managers.

4. Results Analysis and Discussion

The proportions of VW directly returned to the field,
recycled and recirculated reflects the amount of renewable
resources of VW entering the terminal of the system. With a
certain amount of VW, the more renewable resources
produced, the stronger people’s awareness of environmental
protection, the higher acceptance of renewable resources and
the higher the technical level of the reduction system.
Vegetable planting is scattered and there are many harvest
periods, which means the VW are generated all the year. It is
not conducive to unified recycle and treatment and causes
high collection costs. The more VW is recycled, the more
people will be involved in the recycle and disposal, that is to
say, the more jobs the system creates. Besides, it cuts down
the VW that are finally landfilled and cause less resources
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wasted. There are many other benefits like less pollution to
air and soil caused by diffusion or leakage, less harm to
sustainable agricultural production and human health, and
greater comprehensive social benefits. Thus, the proportions
of VW that are directly returned to the field, recycled and
recirculated processing indirectly represents the social,
economic and environmental benefits of the system.

The method of this article is different from the waste
identification mechanism based on the average profit rate of
the enterprise. The latter calculates the cost and benefit of
different types of low-value waste based on the cost
perspective of the whole process of recycling, transportation,
and disposal, and then calculates the corresponding subsidy.
To form a systematic low-value waste subsidy accounting
method, both emphasize compliance with the operating laws

of the market economy, attract enterprises to participate in
the recycling of low-value vegetable waste, promote waste
reduction and resource utilization, and then do a good job of
national vegetables Waste separation and recycling work.

The Situations Where the Recycling Ability of VW
Remain Unchanged.

Assuming that the sum of proportions of VW that are
directly returned to the field, recycled and recirculated is
0.80, the sum of total proportion for direct return to field and
recycled w; + w, is reduced from 0.50 to 0.30 and the

proportion of recirculated processing wy will increase from

0.30 to 0.50, correspondingly. Based on this, the economic,
environmental benefits and different cost changes of the
reduction and recycling system are investigated.

Table 4. Changes in the systems comprehensive benefits (total quantity of resources recycle is fixed, Million Yuan).

Proportion of wastes directly returned to field, recycled

Government

Number and recirculated processing Benefits Sales revenue subsidy Total cost
1 w; =0.15, wy =0.35, w3 =0.30 -251.20 536.10 60.40 847.65
2 w; =0.1425 , wy =0.3325, w3 =0.325 -241.70 516.00 59.00 816.73
3 w; =0.135, wy =0.315, w3 =0.35 -232.40 495.80 57.60 785.81
4 w =0.1275 wy =0.2975, w3 =0.375 -223.00 475.68 56.21 754.89
5 wp =0.12, wp =0.28, w3 =0.40 -213.63 455.53 54.80 723.97
6 w =0.1125, wy =0.2625, w3 =0.425 -204.27 435.39 53.39 693.05
7 w; =0.105, wy =0.245, w3 =0.45 -194.90 415.25 51.98 662.13
8 wp =0.0975, wy =0.2275, w3 =0.475 -185.54 395.10 50.57 631.21
9 w; =0.09, wy =0.21, w3 =0.50 -176.17 374.96 49.16 600.29
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Figure 4. Changes in average transportation distance of the system (total quantity of resources recycle remains unchanged,).

It can be seen from Table 4 that when the sum of
proportions of VW that are directly returned to the field,
recycled and recirculated processing remains unchanged,
increasing the recirculation ratio will improve the economic

and environmental benefits of the whole system, but the
income gained from the sales of recycled resources is
declined. This is because in this case, some VW can be
directly sold to the market with demands for renewable
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resources without being transported to recycling and
processing stations for treatment, thus reducing the costs of
processing and transportation. However, since the price of
recycled vegetable products is much lower than that of
renewable resources dealt after recirculated process, the
increase of proportion accounted by VW recycling leads to a
decline in sales income. The total income is negative, which
further verifies that the total cost in the current VW reduction
and recycling system is too high and it has not entered the
profitability stage. The investment cost during early stage is
too large and the transportation processing cost is too high,
so it is necessary to further reduce corresponding costs.

Figure 4 shows that with the increase of recycling
proportion, the average transportation distance of the whole
system shows a continuous downward trend. That is, under
the condition that the sum of the proportion is constant, the
environmental benefits of the system enhance with the
increase of recycling ratio.

Table 5 shows that when the sum of proportions of VW
directly returned to the field, recycled and recirculated
processing is fixed, the total startup cost of the system, the
classification cost and the landfill cost remain unchanged.
From the results presented by the program operation, 4
storage fields for disposal and 17 recycling processing
stations need to be established in all 9 types of cases, so the
startup cost is the same. However, the classification cost and
the amount of VW generated are related to the location of
classification disposal. Because the quantity of wastes
produced by each planting base is fixed, the wastes produced
in the planting bases without osPCfVW need to be

transported to the storage field for classification and disposal;
and the VW produced in the planting base with osPCfVW
will be classified and disposed on the spot, so the total cost
for classification of the system remains unchanged. In
addition to direct return to field, recycle and recirculated
process, the remaining VW (with the proportion of
1-w;-w,-w; ) will be filled into the land. Therefore, if the
proportions taken by direct return to the field, recycling and
recirculated utilization remain unchanged, the total costs in
landfill remain unchanged too.

After in-depth analysis, it can be concluded that when the
sum of proportions of VW directly return to the field,
recycled and recirculated processing remains unchanged,
with the increase of proportions of VW directly return to the
field and recycled, the ratio of each cost of the system to the
total cost changes.

Under the condition that total quantity of recycling
resources remains unchanged, it can be seen from Table 6
that the nine cases under research with different proportion of
wastes direct return to field, recycled and recirculated
processing, the transportation cost always accounts for the
largest part of the total cost. But with the increase of
recirculated processing ratio, the proportion of transportation
cost decreases continuously. Among all kinds of costs, the
proportions of classification cost and landfill cost changes
greatly. In view of this, stakeholders can improve the
recycling level of VW, at the same time, improve the
classification level and landfill treatment efficiency, so as to
control the total cost of the system more effectively.

Table 5. Cost structure of the system (total quantity of resources recycle remains unchanged, million yuan).

Number Proportion of wz}stes directly retu'rned to field, Startup Classification Processing Landfill Transportation
recycled and recirculated processing cost cost cost cost cost
1 w; =0.15, wy =0.35, w3 =0.30 34.7 50.8 42.01 4.51 715.63
2 w; =0.1425 , wy =0.3325, w3 =0.325 34.7 50.8 40.75 4.51 685.97
3 w; =0.135, wp =0.315, w3 =0.35 34.7 50.8 39.49 4.51 656.31
4 w =0.1275, wy =0.2975, w3 =0.375 34.7 50.8 38.23 4.51 626.65
5 wp =0.12, wy =0.28, w3 =0.4 34.7 50.8 36.97 4.51 596.99
6 w =0.1125, wy =0.2625, w3 =0.425 34.7 50.8 35.71 4.51 567.33
7 w; =0.105, wy =0.245, w3 =0.45 34.7 50.8 34.45 4.51 537.67
8 wp =0.0975, wy =0.2275, w3 =0.475 34.7 50.8 33.19 4.51 508.01
9 w; =0.09, wy =021, w3 =0.50 34.7 50.8 31.93 4.51 478.35
Table 6. The proportion of each cost in the system to the total costs (total quantity of resources recycle is fixed).
Number Proportion of wzfstes directly retu'rned to field, Start-up % Classification Processing Landfill Transportation
recycled and recirculated processing % % % %

1 wp =0.15, wy =0.35, w3 =0.30 4.09 5.99 4.96 0.53 84.43
2 w; =0.1425, wy =0.3325, w3 =0.325 4.25 6.22 4.99 0.55 83.99
3 w; =0.135, wy =0.315, w3 =0.35 442 6.46 5.03 0.57 83.52
4 w =0.1275, wy =0.2975, w3 =0.375 4.60 6.73 5.06 0.60 83.01
5 w =0.12, wy =0.28, w3 =04 4.79 7.02 5.11 0.62 82.46
6 w =0.1125, wy =0.2625, w3 =0.425 5.01 7.33 5.15 0.65 81.86
7 w; =0.105, wy =0.245, w3 =0.45 5.24 7.67 5.20 0.68 81.20
8 w =0.0975, wy =0.2275, w3 =0.475 5.50 8.05 5.26 0.71 80.48
9 w; =0.09, wy =0.21, w3 =0.50 5.78 8.46 5.32 0.75 79.69
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Changes in the Recycling Resources Capacity of VW.

The economic, environmental benefits and different cost
changes of VW-RRS are further investigated in the situation t
where he sum of proportions of VW in directly returned to
the field, recycled and recirculated processing decreased
from 0.80 to 0.60, the recycling proportion w; + w, remains
unchanged of 0.50, while the proportion of recycling
processing w; decreases from 0.30 to 0.10. It can be seen
from Table 7 that with the decrease of the sum of

proportions, the total benefits and sales income of the system
are also gradually decreased and the average transportation

cost also shows a linear decreasing trend. That is to say,
bringing down the level of recycling, the overall benefits of
the reduction and recycling resources utilization of VW are
reduced. In opposite, the total cost of the system shows an
increasing trend. On the one hand, the increased cost is
reflected in the increase of landfill treatment cost due to the
decrease of recycling ratio of VW. On the other hand, rising
the proportion of wastes direct landfilled cause less need to
transport VW to the recycling processing station or the
consumption market, but greatly increases the transportation
cost of landfills far away.

Table 7. Changes of the comprehensive benefits in the systems with the change of proportion of recirculated processing wastes (total quantity of resources

recycle is changed, million yuan).

Number Proportion of wz!stes directly retu.rned to field, Sales revenue Subsidy Benefits Transportation Total cost
recycled and recirculated processing cost

1 w; =0.15, wy =0.35, w3 =0.30 438.88 65.77 -160.74 623.75 750.89
2 w; =0.15, wpy =035, w3 =0.275 434.72 68.51 -167.30 628.85 756.03
3 wp =0.15, wp =0.35, w3 =0.25 430.56 71.25 -173.85 633.94 761.16
4 wp =0.15, wp =0.35, w3 =0.225 426.39 73.99 -180.41 639.04 766.29
5 w; =0.15, wy =0.35, w3 =0.20 42223 76.73 -186.96 644.13 771.43
6 w; =0.15, wy =0.35, w3 =0.175 418.07 79.48 -193.52 649.23 776.56
7 w; =0.15, wy =0.35, w3 =0.15 413.90 82.22 -200.07 654.32 781.70
8 w; =0.15, wy =0.35, w3 =0.125 409.74 84.96 -206.63 659.42 786.83
9 w; =0.15, wy =0.35, w3 =0.10 405.58 87.70 -213.18 664.51 791.96
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Figure 5. Average transportation distance of the system (total quantity of resources recycle is different).

As shown in Figure 5, when the proportions of VW directly
returned to the field and recycled is fixed, when the proportion
of recirculated processing gradually decreases, that is, the sum
of three parts gets smaller, the average transportation distance
shows an gradually increase trend, which reflects that with the
decrease of economic benefits, the environmental benefits of
the system are gradually improved.

Table 8 shows when the sum of proportions of VW
directly returned to the field, recycled and recirculated
processing changes, the total startup costs of the system and
the classification cost remain unchanged. From the results
presented by the program operation, in all 9 types of cases
with different proportion of wastes direct return to field,
recycled and recirculated processing, 4 storage fields for



108

Juan Yang et al.: Logistics Network Design for Vegetable Waste Reduction and Recycling

System Based on Multi-dimensional Perspective

disposal and 17 recycling processing stations need to be
established, so the startup cost is the same. The
classification cost of VW is related to its quantity and
classification sites. Because the quantity of VW produced
by each planting base is fixed, at the same time, the VW
produced by planting bases without osPCfVW are
transported to the storage field for disposal and
classification; and the VW produced by planting bases with
osPCfVW is classified and disposed of on the spot.
Therefore, the total classification costs of system remain
unchanged. In contrast, the costs including landfill cost,
direct return cost, processing cost and transportation cost
for VW are changed. 1) all other VW except direct returned,

recycling and recirculated (with the proportion of
1-w;-w,-wy ) are disposed of by landfilling. So when the

total proportions of these three kind of VW gets smaller, the
proportion of other wastes treated by landfilling will
increase, and the total landfill cost will also increase
correspondingly. 2) With the decrease of proportions of
recirculated processing, the processing costs decrease
continuously; 3) The VW directly transported to the storage
field for landfill is increased, there is no need to transport
them to the recycling and processing station or the
consumption market for recycled products, thus the
transportation costs are arisen at the same time.

Table 8. Changes of the cost structure in the systems with the change of proportion of recirculated processing wastes (total quantity of resources recycle is

changed, million yuan).

Proportion of wastes directly returned to field,

Number recycled and recirculated processing Startup Classification Processing Landfill Transportation
1 w; =0.15, wy =0.35, w3 =0.30 34.7 50.80 34.87 6.77 623.75
2 wp =0.15, wp =0.35, wy =0.275 34.7 50.80 34.34 7.34 628.85
3 wp =0.15, wy =0.35, w3 =0.25 34.7 50.80 33.82 7.90 633.94
4 wp =0.15, wp =0.35, wy =0.225 34.7 50.80 33.29 8.46 639.04
5 w; =0.15, wy =0.35, w3 =0.20 34.7 50.8 32.77 9.03 644.13
6 w; =0.15, wy =035, w3 =0.175 34.7 50.8 32.24 9.59 649.23
7 w; =0.15, wy =035, w3 =0.15 34.7 50.8 31.72 10.16 654.32
8 w; =0.15, wy =0.35, w3 =0.125 34.7 50.8 31.19 10.72 659.42
9 wp =0.15, wp =0.35, w3 =0.10 34.7 50.8 30.66 11.29 664.51
Table 9. Proportions of each cost in the system to the total costs (total quantity of resources recycle is changed).

Number ,l-):co;)c‘::(t]i‘:; ((])fr Z\;ﬁ;:zellsl ;iti;';cl:lr); ::;:il;lnged to field, (Sot/oa)rtup g}oa)ssiﬁcation Processing (%)  Landfill (%) ;[;za)nsportation
1 w; =0.15, wy =0.35, w3 =0.30 4.62 6.77 4.64 0.90 83.07
2 wy =0.15, wp =0.35, w3 =0.275 4.59 6.72 4.54 0.97 83.18
3 wy =0.15, wp =035, w3 =0.25 4.56 6.67 4.44 1.04 83.29
4 wp =015, wy, =0.35, w3 =0.225 4.53 6.63 434 1.10 83.39
5 w; =0.15, wp =0.35, w3 =0.20 4.50 6.59 425 1.17 83.50
6 wy =0.15, wp =035, w3 =0.175 4.47 6.54 4.15 1.23 83.60
7 wy =0.15, wy =0.35, w3 =0.15 4.44 6.50 4.06 1.30 83.70
8 wy =0.15, wp =0.35, w3 =0.125 4.41 6.46 3.96 1.36 83.81
9 wy =0.15, wp =0.35, w3 =0.10 4.38 6.41 3.87 1.43 83.91

In the case where the proportions of waste directly
returned to field and recycled is fixed, while the proportion
of recirculated processing is gradually decreased, the cost
structure of the system and cost proportion of each cost are
further analyzed. According to Table 9, in the nine cases
under research, the transportation cost always accounts for
the absolute largest proportion of the total cost. With the
gradual decrease of the proportion taken by recycling of VW,
the proportion of transportation cost shows an extremely
slight upward trend, while the proportions of startup cost,
classification cost and processing cost all show a slight
downward trend. The proportion of landfill cost increases
accordingly and the proportions of other costs change no
more than 1%.

5. Conclusions

Aiming the problems existing in the VW management in
China, combined with the concrete practice of Shouguang City,
the logistics network structure of VW-RRS is reconstructed. In
addition, through multi-objective nonlinear mathematical
programming model, the benefits of the VW renewable supply
chain system are investigated and evaluated scientifically from
three dimensions: economy, society and environment. The
main conclusions are drawn as follows:

Reducing and recycling VW save the total costs of the
system. The transportation cost always accounts for the
largest proportion of the total costs, therefore the design of
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the whole network should follow the principle of the shortest
transportation distance.

When the reduction and resource recycle capacity of VW
remain unchanged, increasing the proportions of recycling
and recirculating VW will improve the economic and
environmental benefits of the whole system, and the average
transportation distance would decrease continuously.

When the reduction and resource recycle capacity
decrease, both economic and environmental benefits of the
reduction and recycling system become worse, but the
economic, social and environmental benefits of the system
have not shown the same trend.

In this paper, the optimal site selection as well as the
distribution network of VW-RRS under the conditions of
capacity constraints and node flow balance have application
and promotion significance for the VW treatment in
Shouguang City and other areas. The reduction and recycling
system of vegetable wastes in this study is in its infancy and
the actual data obtained is limited, so the system needs to be
established based on the coordinating system of economy,
society and environment. The effective operation of system
needs to realize the real scale. It is necessary to improve the
proportions of recyclable waste, management level of
planting base and soil field in the specific work and also
scientific research and development of agricultural products
and planting technology. It is hoped that the theoretical
analysis of this study can bring inspiration to the
development of resource recycle and reduction of VW
management in China. But the specific operating methods
and suggestions need to be further studied in future.
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