ENRENEZEEGEHEERIEEIEME

STUDY ON RISK MANAGEMENT OF GREEN SUPPLY CHAIN OF RURAL PREFABRICATED BUILDING

BEEMAE BEEMAZ BEEMAZ
RiBE T RKTIZER RiBETART R RiBETART R
6]
x & B B2 e W E X B
Xiao-Juan Li Gao-Na Duan Jia-Jing Lu

wm B

FEZ IR - SRRV EEF O AT GRS USRS R K - HIts e e
PRI - NGk LERGEERE - SBTRSFLE > NI SR EEs O
ftrEs s E e ek m o S iedcio U e R E T T - B SO E T
FOAL e E(E S B8RS (Supply Chain Operations Reference model, SCOR) » fH#k AT 2L =

EERck T At e R A - e A Ao U SR (R B P PR ARG & R RE A e
SRR EZEEE - AR T RS EE - SR @E—E@?@?@ﬁﬂfﬁ_ﬁaﬁﬂﬁm FHEER
JE\ B i AR FERT R SRS » Ry MRS A L B E T R IR E S B

BASEER - AEfUUEEE - 4R fiLfEsE - SCOR MR - fiHEIL -

*EAEE  BEEMABRBHT AT RERHBIE
EEEEMNTAEWLE EFEEE 15 5% - xiaojuanli@fafu.edu.cn



STUDY ON RISK MANAGEMENT OF GREEN SUPPLY CHAIN OF
RURAL PREFABRICATED BUILDING

Xiao-Juan Li* Gao-Na Duan Jia-Jing Lu
Fujian Agriculture and Forestry Fujian Agriculture and Forestry Fujian Agriculture and Forestry
University University University
College of Transportation and College of Transportation and College of Transportation and
Civil Engineering Civil Engineering Civil Engineering
Professor Master Master

ABSTRACT

With the progress of the times, the traditional management mode is no longer suitable for rural
prefabricated buildings, so the green supply chain management mode is proposed. Since the
structure of the green supply chain is complex and there are many participants, the green supply
chain management of rural prefabricated buildings is dangerous. To mitigate the potential for green
supply chain risks, based on statistics from the literature and Supply Chain Operations Reference
model (SCOR), this paper identifies the green supply chain risk model for rural prefabricated
buildings.The green supply chain risk index system is adopted for rural prefabricated buildings, and
then the weight value of each risk factor is determined in the entropy weight method. Based on the
calculated weight value, the main risks of the green supply chain of rural prefabricated buildings are
identified and countermeasures are put in place for the associated risks, which are of particular
reference importance for research on green supply chain risk management for the local construction

industry.
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1. Introduction

Nowadays, China is in an era of rapid development,
and sustainable development strategy has become one
of the main development concepts of contemporary
society. Chinese construction industry has not only
changed the development model of traditional
architecture, but also provided a new way of thinking for
the construction industry transformation. The traditional
way of building not only wastes resources, but also
pollutes the environment, which is contrary to the
current requirements of environmental protection,
energy conservation and sustainable development. Rural
assembly construction is a construction technology
vigorously promoted in China. Due to the characteristics
of prefabricated parts construction technology
standardization, industrial production and scientific
management, the traditional construction production
mode has changed [, Green supply chain management
can Dbetter promote the core competitiveness of
construction enterprises under such circumstances. To
alleviate the contradiction between rural prefabricated
buildings and economy, society and environment, green
supply chain management attaches importance to the
coordination between resource utilization and specific
activities and the environment, and attaches importance
to the environmental management among all links. In the
past construction industry, although the green supply
chain has a history of many years, it was limited by
a variety of external factors and failed to play the
maximum role. With the continuous development of the
construction industry, the application of green supply
chain in the construction industry is more and more
extensive. The changes of its construction technology,
production mode, management mode and the rapid
development of modern information technology have
brought great impetus to its application in the market.
However, due to many external factors such as project
cost and current standards, there are still many problems
in the implementation of green supply chain, and there are
also many problems with government departments and
social needs. Therefore, there are many risks and
challenges in the green supply chain operation of rural

prefabricated buildings.

Related studies on green supply chain risk mainly
focus on identifying risk factors, constructing risk
evaluation system, and using different methods to
carry out risk assessment. For example, the risk of
green supply chain needs to formulate regulations [?,
construct risk evaluation system B4 and GSCM
performance evaluation system green supply chain risk
B3], In addition, there are a combination of qualitative
and quantitative methods [ such as ANP-Fuzzy [,
rough set method and grey theory ¥, neural network
and factor analysis method °! to improve the theoretical
system of green supply chain risk management [, In
addition, the architecture development in the supply
chain risk based on the risk classification of the
structure of the construction risk management system
111 and to explore a new system of pressure regulation,
norm and simulation is how to support the state-led and
private leading construction of the supply chain risk
management strategy 2, put forward building
materials supply chain risk management is a form of
modern management [, Building supply chain
information collaboration mechanism based on
vulnerability 4 using TOC constraint theory and
other technologies to build a risk model [*1, using AHP
method, establishing a risk assessment model based on
cloud model %, and adopting corresponding risk
prevention countermeasures [, The above studies
rarely consider the cooperation between the participants
in the construction supply chain management supply
chain.

Therefore, based on the literature statistics method
and considering the SCOR model of cooperation among
the participants in the construction supply chain
management supply chain, this paper establishes the
green supply chain risk model of rural prefabricated
buildings, constructs the green supply chain risk index
system of rural prefabricated buildings, and then uses
the entropy weight method to determine the weight
value of each risk factor. According to the calculated
weight value, the main risks of the green supply chain
of rural prefabricated buildings are determined, and the
corresponding risk countermeasures are put forward,
which has certain referential significance for the
research on the risk management of the green supply

chain of domestic construction industry.



2. Risk factors analysis of green
supply chain of rural
prefabricated buildings

2.1 Rural prefabricated building
supply chain

Prefabricated building in rural areas means that the
components and accessories needed for the building are
prefabricated by the factory according to the
construction drawings in advance, and the materials are
delivered to the construction site by means of
transportation, and then assembled on site by the
construction workers according to the construction
method. Rural prefabricated buildings can be divided
into five categories: block building, plate building, box
building, skeleton plate building and floor building 1%,

The green supply chain of rural prefabricated
buildings refers to the introduction of the concept of
green environmental protection into the traditional
supply chain to make full use of resources and reduce
environmental pollution. The green supply chain of
rural prefabricated buildings has shifted from the simple
perspective of logistics, information flow and capital
flow to the support system of reverse logistics,
knowledge flow and operation, focusing on the
establishment of information sharing platform and

operation management mode of supply chain [,

2.2 Green supply chain risk management
of rural prefabricated buildings

In the assembly green supply chain, there are many
participants, including technology, system integration,
organization, cost, management, ecology and so on. At
the same time, there are also many constraints, such as
externality, information asymmetry and member self-
interest. Therefore, there are great risks in the
application of green supply chain management in rural
prefabricated buildings 21,

The research on the green supply chain risk
management of rural prefabricated buildings can
promote the development of rural prefabricated
buildings, and corresponding measures should be taken

to reduce the negative impact of the risk in the green

_ Risk
identification

Risk Risk

Risk analysis response monitoring

Fig. 1. The steps of risk management

supply chain of rural prefabricated buildings, so as to
minimize the negative impact of the risk. The stability
and effectiveness of the supply chain between
enterprises is a good guarantee for the cooperative
operation between enterprises ?!, and the risk
management steps are shown in Fig. 1.
(1) Risk identification

Risk identification refers to the identification of
possible risks in the green supply chain of rural
prefabricated buildings.
(2) Risk analysis

Risk analysis is to analyze the identified green
supply chain risks of rural prefabricated buildings and
determine the source of the risks. It should not only
conduct qualitative analysis from the subjective
perspective, but also conduct quantitative analysis
according to the objective situation.
(3) Risk response

Risk response is to take corresponding measures to
reduce the loss caused by the identified green supply
chain risks of rural prefabricated buildings.
(4) Risk monitoring

Risk monitoring refers to the comprehensive
monitoring of the development and change of risks in
the operation process of the green supply chain of rural
prefabricated buildings, and making corresponding

responses when necessary.

2.3 Risk factors analysis of green
supply chain of rural prefabricated
buildings

2.3.1 Risk identification

The advantages and disadvantages of common
risk identification methods are compared, as shown in
Tab. 1.

Rural prefabricated construction in this paper, the
study of green supply chain risk, to each link of supply
chain risk identification. Firstly, the SCOR model is
used to identify the internal risks of green supply chain

of rural prefabricated buildings, secondly by literature



Tab. 1. Comparison of risk identification methods

Risk Identification Methods

Advantages

Disadvantages

SCOR Model Find out the problems in supply chain Requires cooperation between participants in the
comprehensively and evaluate them supply chain.
scientifically.
Risk Checklist Method simplicity of operator, save both time and Due to the limitation of comparability, there are
labor. no identical projects, it is easy to miss items in
risk identification.
Fault Tree Analysis It can be used for qualitative risk Investigators need to have high quality and

identification and quantitative risk

evaluation.

master certain application technology.

Literature Statistical Method =~ Convenient and fast, strong operation, high ~ The collection of data for similar projects is

efficiency, objectivity is strong.

more difficult.
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Fig. 2. SCOR model structure diagram

statistics, access to a large number of relevant literatures,
select frequency high risk factors as prefabricated building

green supply chain risk factors in the countryside.

2.3.2 Construct the green supply chain
model of rural prefabricated buildings
based on SCOR

SCOR model is a multifunctional supply chain
process diagnosis tool that combines enterprise business
process reengineering, benchmarking management and
optimal industry analysis. It can diagnose problems in
supply chain processes, objectively evaluate problems in
processes, set goals and improve core competitiveness of

enterprises [/, as shown in Fig. 2.

(1) Plan: According to the requirements of rural
prefabricated building construction, formulate
various target plans and so on. Provide guidance for
the next step of construction and production through

planning and design, and to ensure the smooth

implementation of the project.

(2) Procurement: According to the requirements of the
project or actual needs, find suitable suppliers and
purchase the required materials and equipment.

(3) Manufacture: the process of producing components
and accessories required for rural prefabricated
buildings according to plans or actual needs.

(4) Distribution: explore the transportation routes in
advance, make a reasonable plan for the
transportation routes, and select appropriate means
of transportation to complete the transportation of
rural prefabricated building components.

(5) Return: Return the excess goods in stock or
components that do not meet the standard to the

supplier.

2.3.3 Risk index system of green supply
chain of rural prefabricated buildings

Through literature review, reference to relevant



Tab.2 Risk Assessment Index System

Primary evaluation index Secondary evaluation index Number Factor source
External Natural Environmental Natural Environment A [4][7](10]
Risks Risks
Al Political and Legal Risks  Policies, laws and regulations, rules and A [12][15][17]
regulations
Cumbersome and slow government Aiz
approvals
Market Economy Risks Influenced by market demand Ais [17[3][22]
The public does not know much about Ais
g? rural assembly buildings
=~
= Inflation Aie
(e}
% Externality Risks Consumer philosophy and approach Ai7 [71[91119]
)
OE’: Knowledge and Skills Aus
§ Irrational supply chain structure Al
§ Internal Green Program Risks Lack of experience in green operation Bu [2][5]1[6]18]
= Risks management
[¢]
§ By Different strategic objectives Bi2
=]
=) Lack of green commitment in the supply Bis
§ chain
&
=] Green Component Quality of purchased materials Bus [81[12][15][17]
a .
g Procurement Risks Supplier selection Bis
% Long material delivery time Bis
o
= Green Component Design Changes Bz [18][21]
% Manufacturing Risks Design capacity development for Bisg
ag designers
Green Component Project Quality By [13]123]
Assembly Risks Duration control B2o
Safety accidents Bai
Green Component Reasonableness of transportation B2 [31[10][15][24]
Delivery Risks standards
Reverse logistics design risk B2
Difficult to recycle Bos

literature on supply chain risk assessment methods,
based on the SCOR model above to identify the internal
risk of rural prefabricated building green supply chain,
the analysis shows that the prefabricated building green
supply chain contains internal risk and external risk.
External risks mainly involve natural environmental
risks, political and legal risks, market economy risks and
external risks. Internal risks mainly involve green
program risks, green component procurement risks,

green component manufacturing risks, green component

assembly risks and green component delivery risks.
Therefore, these nine types of risks are taken as the
Primary evaluation index of the evaluation system, and
the remaining 23 risk factors are taken as the Secondary
evaluation index of the evaluation system, and the risk
evaluation index system of green supply chain
management of rural prefabricated buildings is
established, as shown in Tab. 2.

(1) Natural environment risks

Rural prefabricated buildings are usually built



outdoors during production and installation. Therefore,
it will be affected by external environment, weather
conditions, natural disasters, etc., which may lead to
delay of construction period and increase of budget.
(2) Political and legal risks

The national control of the construction industry is
very strict, and various policies have been introduced for
rural assembled buildings. The policy launch affects the
current development of rural assembled buildings, and
various approval procedures are required during the
construction of rural assembled building projects, which
are cumbersome and will delay the project progress and
increase the risk of the green supply chain.
(3) Market economy risks

The construction industry has a large capital flow,
and the change of inflation, interest rate and exchange
rate will cause difficulties in using project funds.
Therefore, the change of market economy has a great
impact on the construction industry.
(4) Externality risks

The rural prefabricated building is an emerging
industry. The public does not know much about the rural
prefabricated building, the knowledge and skills used in
the rural prefabricated building, and the advantages and
characteristics of the rural prefabricated building.
(5) Green program risks

There are many participants in the green supply
chain of rural prefabricated buildings. Each participant
has different positioning and strategic objectives. The
operation of green supply chain of rural prefabricated
buildings is based on the market demand. The change of
market demand will lead to the change of the
participants in the supply chain. In the green supply
chain, all participants need to cooperate with each other,
share information, cooperate with each other, and make
reasonable planning methods according to the actual
project system. In the green supply chain, the improper
interest distribution will destroy the cooperative
relationship between the participants. The reasonable
and stable structure of the supply chain is one of the
reasons that affect the normal operation of the supply
chain.
(6) Green component procurement risks

The quality of construction materials is a major
influencing factor in the quality control of construction

projects, to ensure that the source of material channels
is relatively safe and reliable, and the agreed materials
are transported to the site on time according to the
contract. After the materials come in, the professionals
need to do a good job of storage management of various
materials according to the characteristics of the
materials.
(7) Green component manufacturing risks

Assembled components are standardized and
produced in strict accordance with the design drawings.
The design capabilities of designers will affect the
subsequent production of components. Whether the
produced components are consistent with the drawings
determines whether normal assembly can be carried out
at the construction site. The equipment and process of
producing components will affect the quality of
components. For components already produced, if
design changes occur, the project cost will be increased
and resources will be wasted.
(8) Green component assembly risks

Rural assembly building is a new industry with few
construction units and a lack of professional
construction teams. When assembly components are
installed, a strict plan needs to be made. If the planning
and design are not proper and there is no professional
engineering team and professional equipment, it will
have a certain impact on the quality and duration of the
project. During the construction process of the project,
the safety of all staff should be ensured, safety education
and training should be done, and construction should be
done according to specifications to avoid accidents.
(9) Green component delivery risks

In the transportation process, there is no reasonable
planning of transportation routes in advance, which may
increase the possibility of accidents. The current market
does not have a sound logistics system. The existing
transportation units are not advanced enough, which
reduces the efficiency of transportation. Traditional
means of transportation have high energy consumption,
and the absence of standardized transportation standards
can lead to more waste of resources and pollution of the
environment. The implementation of circular economy
will make all aspects of the business more complicated,
thus making the business operation less efficient. The

information uncertainty of reverse logistics and the



contradiction between forward logistics and reverse
logistics make enterprises deviate from the design
concept and set some rules that are not conducive to
recycling, thus restricting the reuse of products. The
recycling of construction materials and components, and
the disposal of construction waste can cause new
environmental pollution. In the product design stage, the
standardized manufacturing of assembled parts causes
difficulty in disassembly of parts and low recycling

efficiency.

3. Green supply chain risk
evaluation index weights for
rural assembled buildings

The entropy weight method mainly measures the
importance of the index in the whole system according
to the dispersion of each index in the system. The greater
the information entropy, the lower the dispersion of the
index, and the smaller the impact on the system. The
advantage of this method is that it can overcome the
influence of subjective factors on the results to some
extent, so as to improve the accuracy of calculation.

In this paper, entropy weight method is used to
determine the weight value of the risk of green supply
chain of rural prefabricated buildings *°), and the steps
are as follows:

(1) Construct numerical matrix

Assume that the evaluation system of a system has
m samples and n indicators, and construct its initial
evaluation matrix X where the assignment of the j-th
indicator under the i-th sample.

Xy 2 0 i=1,2,3..m;j=1,2,3..n.

(2) Standardization of data

All factors are normalized according to the number
of each option. In order to avoid unnecessary impacts,
data standardization should be carried out for each
indicator. Indicators are divided into positive indicators
and negative indicators, and data standardization is
carried out by formula (1) and Formula (2), respectively.

For positive indicators:

X = IR (X ;5 X750 X,,0)

max(xlj,x,”,---’ xm.)-min(xlj,xw.,---’ xnj)

Xij

For the negative index:

max (Xp ;,%,;,=* X,;) = X

_max(x]j,x

Xij

nj"”’ xnj)—min(xlj,xnj’..., xnj)

(3) Calculate the proportion of the j-th index in the i-th
sample and regard it as the probability used in the
calculation of information entropy:

Yij

m 0
Z izlxij

(4) Calculate the information entropy of each index and

B 3)

calculate the entropy value of the j-th index:

m

i=1
Which e; >0.If y;=0,define e;=0>andm
is the number of influencing factors to be
considered.

(5) Determine the weight of each indicator:

T T R e 5
Z_/=1] "G

4. Case Analysis

4.1 Case Overview

Yaogongbu Village, Zhibu Town, Zhuji City,
Zhejiang  Province, adopts the prefabricated
construction method. The parts are produced on the
factory assembly line and transported to the rural site to
build “building blocks”. The construction method of
Yaogongbu rural housing is like a realistic version of
“playing with Lego”, with a total construction area of
7,980 m? and an overall assembly rate of over 87 %. In
this paper, the SCOR model is used to identify the
internal and external risks of the project, and the entropy
weight method is used to identify and evaluate the green
supply chain risks, calculate the weight value of each
risk index, determine the main risks of the project, and

propose targeted risk countermeasures.



4.2 ldentification of green supply
chain risks

Through data analysis of this project, according to
the green supply chain risk evaluation index system of
rural prefabricated buildings, see Tab. 3-2 above, SCOR
model and literature statistics method are used to
identify risks.

(1) External environmental risks of green supply chain

Yaogongbu village, Zhibu town, Zhuji City,
Zhejiang Province, the mountainous terrain is complex,
and the climate is pleasant. At present, China's rural
assembled buildings have not been widely promoted,
and there is still room for improvement in legal policies,
norms and standards, etc. There was no market turmoil
during the construction of the project t.

(2) Green planning stage

The project was a key livelihood project
undertaken by Origin Construction at the end of 2017,
with a tight schedule and a heavy task, so it was
designed while under construction. After receiving the
task, each supplier immediately went into construction
and worked hard to produce the assembly parts and
accessories needed for the project, and the prompt and
reliable support and collaboration of the suppliers made
it possible to complete the project more smoothly.

(3) Green component procurement stage

Rural required components of prefabricated
construction quality directly affect the quality of the
engineering construction, in order to make the project
smoothly to carry out the need to carefully selected
suppliers of building materials, strictly control the quality
of building materials, strengthen the select material of
each process, to ensure that the selected standard of
building materials to the use of material, in order to avoid
unnecessary problems of quality and safety.

(4) Green component manufacturing stage

The production quality of rural prefabricated
building components has a great relationship with the
project cost. Therefore, it is necessary to keep in touch
with the manufacturer during the production process to
ensure that the quality of the products meets the
requirements. The project has high requirements on the
construction of nodes and the quality of components. It

is necessary to ensure that the product quality,

specifications and models meet the specific
requirements of the project construction.
(5) Green component assembly stage

Before manufacturing structures and accessories,
we should carefully analyze the drawings and check the
raw materials of structures and accessories strictly
according to the requirements. After the production of
the components, the performance test should be carried
out to ensure that the quality meets the required standard
and reduce the probability of rework. Before the
assembly, the feasibility of the construction technical
scheme should be reviewed and demonstrated by experts,
and technical exchange meetings should be held
regularly, so as to effectively reduce unnecessary costs
and losses. In addition, before assembly, a comprehensive
analysis of various risk factors before, during and after
assembly should be carried out.
(6) Green component delivery stage

After the production of parts, it is inevitable to pass
through some places with complicated road conditions
or very bad road conditions in the transportation
process, which may lead to traffic jams and cause great
inconvenience to the construction of rural prefabricated
buildings. Due to the winter construction, the adverse
weather conditions will affect the safety of materials and
whether materials can reach the construction on time. In
the process of rural prefabricated building construction,
the recycling of building materials, components and the
disposal of construction waste will cause new
environmental pollution. In the stage of product design,
the standardized manufacture of assembled parts makes
it difficult to disassemble and assemble parts and low
recovery efficiency.

4.3 Green supply chain risk
assessment

The entropy weight method was used to calculate
the weight of risk factors, and the method of online
questionnaire survey was adopted. The respondents
(experts) were practitioners with senior titles or more
than 8 years of work experience, including institutions
of higher learning, construction companies, construction
companies, etc. Finally, data analysis was conducted on

the survey results, as shown in Tab. 3.



Tab. 3.

Impact indicator degree scoring table

(74 79 90 (83 88 75]
Expert Expert Expert Expert Expert Expert 75 80 87 77 85 86
A B ¢ b F F 78 77 85 86 86 87
A 80 82 79 78 83 83 Cs= 76 75 85 Cs= 86 77 85
An2 80 82 79 80 80 80 778 75 77 85 86
Az 83 79 82 81 82 82 75 83 85 8 86 87
A4 80 80 82 80 82 82 B - B
Ais 82 79 80 75 80 78
Ais 82 80 79 80 79 79 [77 85 86| (86 87
Az 7475 78 76 77 75 86 82 82 80 79
Ais 79 80 77 77 82 83 Com 79 80 85 e 85 80
Ao 90 87 85 85 75 85 84 86 86 87 79
B 83 77 86 86 77 86 86 87 &5 86 80
Br 88 8 86 77 85 86 79 80 85| 185 79|
B3 75 86 87 85 86 87
B4 77 86 79 84 86 79 79 80 20 1 79 84 82 T
Bis 85 82 80 86 87 80 85 85 R0 R % 30
Bis 86 82 85 86 85 85 8 8 R0 79 76 76
Bir 86 80 85 87 85 85 Cs= R0 80 79 Co= 85 86 87
Bis 87 79 80 79 80 79 8 8 30 79 86 ]7
By 79 85 82 80 82 80 80 80 79 R4 %) 30
B2 80 85 82 80 82 80 - -
Bai 80 80 80 79 80 79
Bz 79 82 79 84 79 84 (2) Data standardization
Bos 84 82 76 86 86 82 Using formula (1), the matrices C;, Cz, C3, Cy, Cs,
B2y 82 80 76 87 87 80 Cs, C7, Cs and Cy are standardized, and the standardized
matrices D;, D>, D3, D4, Ds, Dg, D7, Ds and Dy are
(1) Construct the data matrix obtained.
According to the data in Tab. 3, the evaluation
matrix of each stage is constructed. C;, C>, C3, Cy4, Cs, _ - _ _
Cs, C7, Cs and Cy are respectively used to represent the 25 113 ! 0 ! !
evaluation matrix of natural environmental risk, 415 ! 0 0 47173
political and legal risk, market economy risk, externality D= 175 D)= 0 34 D;= ! 70
risk, green plan risk, green procurement risk, green 0 13 172 0 1 13
manufacturing risk, green assembly risk and green 1 173 3/4 1 570
delivery risk. 1 1[1/3 3/4] R 37 0 |
80| (80 83 (80 82 82 o0 13 1 (23 1 0]
82 82 79 80 79 80 14 172 4/5 0 57 89
79 79 82 82 80 79 1 0 23 1 5/6 1
Cr= Cr= Cs= D,= Ds=
78 80 8l 80 75 80 12 0 23 1 0 5/6
83 80 82 82 80 79 3/4 5/6 0 0 57 89
83 (80 82 | 182 78 9] V4 1 273 1 56 1




0 57 1 (6/7 1
1 277 0 0 0
29 0 3/4 57 1/8
b=lge e 1| P71 0
1 1 3/4 57 1/8
129 0 3/4] 157 0|
[0 0 1] [0 45 509]
1 1 1 3/5  3/5 3/8
12 2/5 1 0 0 0
D=lie 0 o bo=ly 1 1
12 25 1 0 1 1
[1/6 0 0 |1 35 3/8]

(3) Calculate the proportion of j-th index in the i-th
sample

After obtaining the standardized matrices D;, D>,

D3, Dy, Ds, Ds, D7, Dg and Dy, formula (3) is used to

calculate the ratio of the j-th index under the i-th sample,

and the matrices E;, E>», E3, E4, Es, Es, E7, Es and Eg are

obtained.
[1/97] (179 2/7] o 27 27]
2/9 2070 0 1/6 19
1/9 0 29 207 1/5 0
EClol B w7l B Lo 0 e
2/7 1/9 2/9 207 1/5 0
12/7 119 2/9 127 118 0 |

BEETIESER | 55605 - 518 |
HERE 112 F 03 BHEK
0 19 2/7] [1/5 277 0]
19 17 209 0 29 277
W0 15 27 U4 27
Bl 0o el Blar 0
29 14 0 0 29 277
19 27 15 217 u4 27
o0 15 27 (1/4  2/7]
27 19 0 0 0
199 0 209 /5 0
Elon s o7 o o
21 27 29 /5 0
19 0 29 15 0
[0 0 2/7] [0 29 1/6]
21 27 217 16 1/6 119
719 277 0 0 0
B2l 0 o PTlam ar o
719 277 0 27 27
0 0 0] 217 16 19

(4) Calculate the entropy weight and entropy value of
each index
The entropy weight and weight of each index are
calculated in Excel according to equations (4) and (5),
and the calculation results are shown in Tab. 4.
According to the weight value of each indicator in
Tab. 4, the weight proportion of the first-level indicator
is calculated, as shown in Fig. 3.

= Natural Environmental Risks

= Political and Legal Risks

= Market Economy Risks

= Externality Risks

= Green Program Risks

= Green Component Procurement Risks

= Green Component Manufacturing Risks
= Green Component Assembly Risks

= Green Component Delivery Risks

Fig. 3. Percentage of weight value of primary indicators



Tab. 4. Entropy weight and entropy value of each index

Primary evaluation

indicators Secondary evaluation indicators Number Entropy value ¢; Weight 7;
Natural i"izlfs‘mmemal Natural Environment Al 0.82530694  0.031756807
Policies, laws and regulatlons, rules A 0709176792 0.052867678
Political and Legal and regulations
Risks
Cumbersome and slow government s 0.916453125 0.015187678
approvals
External
Risks Influenced by market demand A4 0.602648888 0.072232993
4i Market Economy Risks L1 Public does not know much Als 0.879743905  0.021860912
Z about rural assembly buildings
73
= Inflation Ais 0.455029877 0.038337574
(e}
5 Consumer philosophy and approach A7 0.758515802 0.043898522
0% Externality Risks Knowledge and Skills Ais 0.677630587 0.058602347
§ Irrational supply chain structure Ao 0.925772846 0.013493481
S Lack of experience in green operation B 0780942311 0.039821689
= management
[e]
g Green Program Risks Different strategic objectives B2 0.951731228 0.008774602
=]
- Lack offgreen commitmentinthe 5 4 988579301 0002076127
g supply chain
&
=] Quality of purchased materials B4 0.789106379 0.099068109
[¢]
g Green Component Supplier selection Bis 0.69384641  0.055654532
3. Procurement Risks
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The fig. 3. shows that prefabricated construction in

largest,

while the weight value of the natural

rural areas the level of green supply chain risk indicators
for sorting, can get the green component assembly >
green component procurement risk > green component
manufacturing risk > external risk market economy >
green component delivery risk > political legal risk
green project risk > natural environment risk. By
comparing the weights, it can be seen that the weight

value of the assembly risk of green components is the

environment risk is the smallest. Among the secondary
indicators, the weight value of purchased material
quality is the largest, which has the greatest impact on

the risk of green procurement.
4.4 Green supply chain risk control

According to the ranking result of the first level



risk index weight value, the corresponding risk control
measures are put forward.
(1) Green component assembly risks control

Before the component parts are manufactured, the
drawings are carefully analyzed in detail, and the raw
materials of the components are inspected in strict
accordance with the requirements. After the
manufacture of the components is completed, their
mechanical properties are tested to ensure the quality of
the components and to reduce the possibility of rework.
Before the assembly is carried out, a technical delivery
should be made, an expert discussion on the feasibility
of the construction technology plan should be
conducted, and technical training should be carried out,
so as to effectively reduce unnecessary costs and losses.
In addition, a comprehensive risk assessment should be
conducted before, during and after the assembly. During
the assembly period, always pay attention to the
installation of the project, find problems, immediately
point out and correct.
(2) Green procurement risk control

The quality of construction materials directly
affects the quality of construction projects, so it is
necessary to choose reliable material suppliers to ensure
the relatively safe and reliable source of materials.
Professional personnel are required to store and manage
all kinds of materials according to the characteristics of
materials. In the process of material management, it is
necessary to formulate some reasonable, perfect and
applicable rules and regulations, and arrange
professional personnel to regularly check the quality of
materials to avoid quality problems.
(3) Green manufacturing risk control

Rural prefabricated building components need to
be standardized and produced in strict accordance with
the design drawings to improve the working ability of
designers and avoid design changes. The equipment and
process of components produced by suppliers need to be
upgraded to improve the production capacity of
suppliers.
(4) Green program risks control

Only when the market is in demand can the green
supply chain of rural prefabricated buildings operate.
Therefore, enterprises should always pay attention to the

market dynamics. Rural prefabricated construction

enterprises according to their needs, set goals plan, in
the green supply chain, all the participants according to
rural prefabricated construction enterprise target
planning their own goal programming, formed a good
partnership, set up information sharing platform, in
order to obtain greater profits, reduce the risk caused by
inconsistent target.

(5) Green component delivery risk control

Establish their own logistics and transportation
team, formulate reasonable transportation plan, select
appropriate  means of transportation, survey
transportation routes in advance, in order to save costs
and reduce the occurrence of accidents. Determine the
relevant information of reverse logistics, reduce the
contradiction between forward logistics and reverse
logistics, and formulate relevant regulations conducive
to recycling. In the process of recycling construction
waste, attention should be paid to protecting the
environment and reducing the pollution to the
environment.

(6) Green external risk control

For the natural environment, political, legal risk
and other external risk, risk transfer can be done by
purchasing project risk, natural disasters happened in
the process of project construction, and results in cost,
schedule delay, etc., these can be through the
engineering insurance to reduce the loss of the enterprise
itself, to achieve the purpose of risk transfer.

The policies, laws and regulations of rural
prefabricated buildings are not perfect enough. The
government needs to formulate corresponding laws and
regulations and improve the policy guidance
mechanism. Therefore, relevant enterprises should
always pay attention to the latest policies issued by the
government, deepen the understanding of policies, laws
and regulations, and make the green supply chain of
rural prefabricated buildings run better.

5. Conclusion

This paper researches the problem of green supply
chain risk in rural assembled buildings, combines
relevant literature at home and abroad, constructs a

green supply chain operation model for rural assembled



buildings based on SCOR, establishes a green supply

chain risk evaluation index system, conducts an

empirical analysis of its green supply chain risk factors,
and draws the following conclusions:

(1) Through literature review and understanding of
relevant theoretical knowledge, on the basis of
SCOR model, the operation model of green supply
chain of rural prefabricated buildings is established
to identify the risks in the green supply chain, among
which there are 9 primary evaluation indicators. It
includes natural environment risk, political and legal
risk, market economy risk, externality risk, green
program analysis, green component procurement
risk, green component manufacturing risk, green
component assembly risk, and green component
delivery risk. Secondary risk indicators include 23
factors, such as natural environment, policies, laws
and regulations, rules and regulations, cumbersome
and slow government approval, influenced by
market demand, little public understanding of rural
prefabricated buildings, and inflation.

(2) The entropy weight method is used to calculate the
weight value of each index, and the risk of the first
level index in the green supply chain of rural
assembled buildings is ranked, and the green
component assembly risk > green component
procurement risk > green component manufacturing
risk > market economy risk > externality risk >
green component delivery risk > political and legal
risk > green plan risk > natural environment risk, in
which the quality of procurement materials has the
greatest influence on the green component
procurement risk, and the corresponding risk
countermeasures are proposed for each risk factor,
which has certain significance for the research of
green supply chain risk management in the domestic

construction industry.
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