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For several years manufacturing industry has been flourishing in India and among the manufacturing industries 

automobile is one of the fundamental. This paper focuses on the execution of the lean and green supply chain in the medium 

scale automobile industrial sectors. The critical factors are discovered dependent on expert’s opinion and through 

questionnaires sent to the industries. The significance and the degrees of the factors are taken from interpretive structural 

modeling. Utilizing these levels, the critical weights of each factor are obtained through analytic hierarchy process (AHP). 
The critical weights are used in TOPSIS and Fuzzy TOPSIS, to find out the efficiency of the industries. 
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Introduction 

Supply Chain Management 

The flow of goods and services management 

which involves all processes which transform raw 

materials into end products is called Supply Chain 

Management. Supply chain management operations 

include the procurement of raw materials, inventory 

control, warehousing, and transportation of end-use 

goods from production to point of consumption. 

Supply Chain Management strategies help the 

organization achieve a strategic edge in the 

marketplace. Some of the goals include integrated 

performance, streamlined logistics, reduced time, 

minimized work in progress, reduced transport costs, 

reduced warehousing costs, improved quality, and 

long-term stability, etc. Supply chain management 

consists of eight elements. They are goods, plan, data, 

source, inventory, output, site, shipping, and return. 

Customer requirements, globalization, competition, 

government policy, climate, and information 

technology are the factors influencing supply chain 

management. 

Lean Supply Chain Management 

Lean supply chain management is a community of 
companies directly connected by the flow of goods, 

resources, information, and funds that work to 

minimize waste and expense by efficiently pulling out 
what is needed to meet consumer needs. It's not for 

the businesses that make products but for the trade 
that wants to upgrade their processes by removing 

waste. Lean supply chain management's operational 

advantages include lead time or decreased cycle time, 
increased efficiency, reduced inventory of work-in-

process, improved quality, and lower use of space. 
For lean supply chain management, the 5S involves 

sorting, putting for order, standardizing, maintaining. 

The 3R in handling the lean supply chain includes 
reducing, reusing, and recycling. Waste disposal can 

be achieved in several different ways. Some of them 
include reducing the production of pre-produced 

goods, reducing inline waiting for products, reducing 
unnecessary movement of products from various 

locations during manufacturing and distribution, 

reducing unnecessary processing of products, 
reducing the amount of inventory held, minimizing 

the defects requiring the rework, reducing the number 
of products transported. 

Green Supply Chain Management 

Integrating sustainable thinking into supply chain, 

which involves design of the product, procurement, 

and the selection of material, production processes 

final goods distribution and even end-life 

management of the product after its useful life. The 
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organizations must focus to make the goods safe and 

make it competitive. End consumers want more 

environmentally friendly goods and this creates a 

connection between environmental factors and 

revenue. There are several ways companies can cut 

costs by minimizing the commodities' environmental 

impact. For the supply chain activity, which involves 

buying planning and materials management, a 

complete reconsideration is required. Supply chain 

executives need to be prepared to develop the logistics 

system that goes along with the corporations' green 

policies. Reducing waste disposal spending happens in 

the supply chain cycle often reduces system spending. 

By embracing the management of the green supply 

chain we have financial benefits, communal benefits, 

and green benefits. Some financial benefits include 

increased returns, cost minimization, better customer 

service, etc. Some social benefits include fitness, 

hygiene, safety, reducing noise, etc. Several 

environmental benefits include reduced waste, 

increased energy efficiency, decreased air and water 

emissions, fuel consumption, etc. 
 

Multi-Criteria Decision Making (MCDM) 

The multi-criteria decision making (MCDM) 

techniques are built-in capability to judge different 

alternatives on a variety of criteria for feasible choice 

of the best options. These alternatives can be more 

inspected in detail for their final employment. The 

MCDM study has a few unique characteristics like the 

occurrence of many non-consumable and antagonistic 

criteria, various units of measurement along with the 

criteria, and the presence of quite many alternatives. 

The MCDM techniques involve analytic hierarchy 

process (AHP), data envelopment analysis (DEA), 

Technique for Order of Preference by Similarity to 

Ideal Solution (TOPSIS), VIKOR and Decision-

Making Trial and Evaluation Laboratory (DEMATEL). 

Small and medium-sized enterprises (SMEs) play a 

major role in developed and developing countries 

alike. Emerging countries such as India work in a 

very competitive world for SMEs. The SMEs were 

the backbone of the Indian economy and have a 

prominent place in the well-developed economy.
1
 

Nevertheless, it could be difficult for SMEs to 

manage with the increase in scientific innovation due 

to inadequate resources and the short of finances 

available to them. Through technological development 

towards industry 4.0, where the majority of manual 

operations are preloaded through automated systems 

and robots, and produced creations are smart goods 

with rooted systems; SMEs are not able to compete 

positively to supply consumers with attractive goods.
2
 

Lean and green initiatives each include management 

engagement and participation of staff, recognition  

and elimination of organizational waste and 

continuous organizational progress.
3
 Companies 

ought to consistently attempt to concentrate on waste 

minimization that happens in the whole creation 

process. Types of enhancement for the creation line 

with the use of lean manufacturing technique are 

utilized to distinguish waste along the worth stream 

and to discover non esteem included exercises. Lean 

manufacturing itself has its shortcomings and 

qualities, as expressed in past exploration, the 

investigation expressed that SMEs have various 

attributes for lean manufacturing.
4
 A close 

relationship between a supplier and a consumer 

increases the accuracy of demand information and the 

sensitivity of the consumer, which decreases the 

production preparation time which obsolescence of the 

inventory. Conversely, a close relationship between a 

producer and a supplier facilitates the manufacturing 

cycle of material distribution, which in turn helps 

manufacturers produce goods on time.
5
 Taherdoost  

et al.
6
 sums up the way toward directing analytical 

hierarchy process (AHP). The AHP is one of the most 

comprehensive framework which is considered to 

settle on choices with different models since this 

strategy define the issue at various levels and accept a 

blend of quantitative and subjective measures also. 

Minimizing waste and reducing the usage of natural 

resources is a major aim of green sustainability, and is 

directly connected to Lean’s objective of waste 

removal. In terms of the information produced by the 

literature of Lean and Green Supply Chain, the degree 

of relatedness is even greater. Green practices are  

just those activities carried out inside the supply  

chain to eradicate or minimize any adverse effect  

on the environment without compromising quality, 

efficiency and operating costs.
7
 

Sartal et al.
8
 analyse environmental and 

information technologies (ET & IT) in the capacity of 
lean manufacturing (LM) to accomplish improved 
modern execution. In their examination, they tried 
speculations in a multi-sectoral test of 763 processing 
plants among 5 European nations. They found that 
LM rehearses activated IT & ET execution due to 
serious necessities and innovation empowered 
capacities. Just in Time is the well known inventory 
model and a typical lean rule that is utilized in the 
supply chain to ensure that it is given to deliver the 
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perfect measure of items at the opportune time and 
fulfill quality necessities.

9
 Operations research and 

design of experiments (DOE) procedures can be 
applied in lean standards to distinguish most 
impacting factors and get an ideal structure of 
assembling forms.

10
 

Toyota motors applied lean manufacturing in their 

production system.
11

 Lean manufacturing techniques 

have proven to be positively effective in most of the 

manufacturing fields. Launching and introducing lean 

production and the effects of this change on the 

organization, and capturing and assessing differences 

in approach.
12

 Six-Sigma was introduced in 1986 by 

Smith and Harry while working at Motorola, and in 

1995 by General Electric. This is focused on 

enhancing process performance, finding and 

eliminating the causes of faults, and reducing process 

variability.
13

 Additionally, there is clear evidence that 

the concurrent functioning of lean practices focused 

internally and externally produces greater 

performance advantages than selective lean 

production. Knowing the dynamics is important and 

the advantages that affect sustainable manufacturing 

initiatives. Not all barriers have the same degree of 

impact on the sustainable supply chain. Those barriers 

therefore need to be rated. Such hurdles can be 

measured, and the MCDM software can list them.
14

 
 

Experimental Details 
 

Problem Definition 

Hijaz et al.
15

 says the medium-scale automobile 
industries are concentrating mostly on lean factors 
without considering the impact on the surroundings 
because of these factors. This can show the lack of 

awareness given to green foundation and ecological 
pressure, where there's no eagerness to implement 
green procedure in most of the businesses. Because of 
the raised government policies and rules, and also  
the developed public knowledge in environmental 
safety, companies currently simply cannot ignore 

environmental issues if they need to carry on in the 
worldwide market.

16
 Therefore, when applying green 

on the supply chain we are going to succeed lean and 
green execution. The main idea is to calculate 
the successfulness of the execution of lean and green 
techniques in the medium-scale automobile production 

sectors. 
 

Factors Affecting the Implementation of Lean and Green 

Supply Chain 

 A literature review was conducted on the factors 

that affect the execution of lean and green practices  

in a supply chain of the automobile industry. The 

factors are: 

Purpose of the Organisation (P): Basically, the main 

purpose of the organization should be inclined both in 

lean and in green ways so that the implementation 

would be achieved. Green creation requires long term 

move toward as ecological impacts lead by enterprises 

had been for several years.
17

 Elevated thinking growth 

leads to better purpose of the organization which in 

turn guides to increasing the level of lean and green 

execution. 

Structure of the Organisation (S): The structure of the 

organization as in the management, leadership, nature 

of the employee relationships with their superiors and 

the similar. This aspect is very important because 

achieving lean and green in the supply chain of a 

particular industry would be difficult without good 

management and without the right decision making at 

the right time. 

Design of product and process (D): The way the end 

result and the processes involved in the manufacturing 

and designs are very important for achieving lean and 

green. Designing the product or the process is the part 

of the supply chain. 

Customer Satisfaction (CS): If the customer is satisfied 

in accordance to the final end product then the lean 

ways would be achieved. Sometimes the customer 

would also expect the product to be environmentally 

safe. 

Logistics (L): Logistics is a very important part in 

lean and green. As we know the types of waste 

transportation, different motions involved are part of 

lean wastes. Therefore, it is better to reduce the usage 

of logistics and go according to the lean ways. As in 

the green supply chain, the less the movement or 

transportation and shipping, the less will be the 

carbon dioxide or other harmful gases release due to 

the usage of fuels leading to less harm to the 

environment. 

Supplier relationships (SR): The relationship with the 

supplier is very important and also selecting the right 

supplier is very important, because sometimes there 

might be time constraints and the raw materials or the 

outsourced parts should be delivered on time else the 

product would be delivered late. And also, the cost of 

raw materials may also vary according to the 

relationship with the suppliers. 

Environmental performance (E): The overall 

environmental performance of the organisation would 

encourage the companies to adopt lean and green 
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supply chain. Sometimes the environmental 

performance might be a trade-off for the lean 

principles when applied and also the green 

implementation when applied, automatically the 

environmental performance will increase. 

Capacity of the Organisation (CO): Capacity of the 

organisation would include financial capacity, 

production capacity, human resource capacity, 

information capacity etc. If the capacity is more it is 

easier to achieve lean and green manufacturing. 

Willingness to change (W): Willingness to change is 

most important factor to change the natural battle in 

human beings.
17

 Greater willingness to change would 

lead to more lean and green execution. 

Recycling (R): The product which would be returned 

by customers should be made it reuse. In this factor it 

also means about the ability of the organisation 

towards the inclination of recycling. Recycling will 

dropping ecological loads as it is most essential waste 

reducing system.
18

 

Government support (G): The implementation of lean 

and green requires huge financial support. So by 

providing advantages like tax relaxation, subsidies on 

green actions would encourage the organisation to 

incline towards lean and green. The main difficulty  

of green execution is the lack of government 

support.
19

 

Quality (Q): The quality of the product delivered and 

other aspects of quality which are followed in the 

process of the manufacturing and quality aspects in 

the services provided come under this factor. The 

quality would affect the customer satisfaction. The 

identification of waste and also the environmental 

aspects affects the quality. 
 

Ananlytic Hierarchy Process (AHP) 

 Analytic hierarchy process is a planned method 

based on psychology and mathematics to organize and 

analyze the complex decisions. AHP helps the 

decision makers determine the one that most suits 

their aim and their understanding of the problem. 

Steps in AHP are as given below: 
 

Step 1 — Calculation of Comparison matrix (A) 
In comparison matrix, we rank the criteria 

corresponding to each other on a scale of 1–9. The n × 

n real matrix is a matrix A, where n is the number of 

evaluation criteria considered. In matrix A all the 

entries of aij denote the ith criterion dominant; it is 

interrelated to jth criterion. If criterion jth is fewer 

important than the ith if aij >1 then the criterion jth is 

highly important than ith if aij<1. If both criteria are 

equally dominating if aij =1. The entries aij and aji 

satisfy the following constraint:  

aij×aji=1 and aii=1 for all i 

Ranking scale of criteria: 

Value of aij Interpretation is shown in Table 1. 
 

Step 2 — Normalization of comparison matrix 
The normalized pairwise co parison  atrix      ) 

is calculated by adding the entries on each column 

equal to 1,  
 

Step 3 — Finding the priority vector (X) or Criteria weights 
We get the priority matrix (X) by taking the row 

averages of normalized matrix A (bar).  
 

Step 4 — Finding the eigenvalue (λmax) 
 

Step 5 — Calculation of consistency ratio (CR) 

We calculate the consistency ratio (CR) to find 

how consistent the judgments have been relative to 

large samples of purely random judgments. If the 

consistency ratio (CR) is greater than 1, the judgments 

are unworthy, and if consistency ratio (CR) is less 

than 1, the judgments are worthy, and we can proceed 

to next step. 

The ratio of consistency index (CI) to random 

index (RI) is known as consistency ratio random 

Index (RI) is obtained from a random index table.  

The value changes with the change in criteria. 
 

Step 6 — Determining the priority vector for alternatives based 

on the criteria 
We find the comparison matrix between the 

alternatives based on each criterion. After obtaining 

the comparison matrix, we normalize the matrix to get 

the priority vector by taking row averages. This 

priority vector contains the weights of each alternative 

for each criterion. 
 

Step 7 — Ranking the alternatives based on criteria or finding 

Score matrix(S) 

We get the ranking by multiplying the alternative 

priority matrix and criteria weights. Alternative 

priority matrix is determined from the priority vectors 

of alternatives based on each criterion. By multiplying 

alternative priority matrix and criteria weights, score 

matrix is obtained. Arrangement of the scores in 

Table 1 — The fundamental ranking scale 

1 i and j are equally important 

3 i is moderately important than j 

5 i is strongly important than j 

7 i is very strongly important than j 

9 i is extremely important than j 

2, 4, 6, 8 used to express intermediate values 
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ascending order gives the ranks or the order of 

priority of the alternatives. The comparison matrix 

and normalization comparison matrix are shown in 

Table 2 & Table 3. 
From the above comparison matrix and weights, 

the eigen values are found. From this eigen value,  
we calculate the consistency index followed by 
consistency ratio by taking random index from table. 
We get λmax = 12.027 and consistency index as 
0.002453. The consistency ratio is 0.0015929. As the 
consistency ratio is less than 0.1(CR < 0.1) the 
judgments are worthy. Random Index from the  
Table 2 is taken as 1.54. 
 

Fuzzy TOPSIS 

Hwang and Yoon suggested the TOPSIS
20

 and it is 

a popular method for resolving MCDM issues. This 

method is an idea from the selected alternative will 

have closest distance to positive ideal solution (PIS) 

(the solution can reduce price and increase the gain 

criteria’s) and longest distance to negative ideal 

solutions (NIS). Chen introduced the extensive 

technique for TOPSIS is vertex method.
21

 It is  

used for evaluating the distance between two 

triangular FNs.  f x     a   b   c )  y  = (a2, b2, c2) are 

two triangular FNs. The procedure of fuzzy TOPSIS 

as follows: 
 

Step 1 — Assign a rating to criteria and alternatives 

We made the assumption that we have a decision 

group with' K ' members. The fuzzy rating of the k
th
 

decision maker about alternative Ai w.r.t. criterion Cj 

signifies     
 

     
     

     
   and the weight of criteria 

Cj signifies    
 
     

     
     

  . 
 

Step 2 — Calculate the aggregated fuzzy ratings for alternatives 

and the aggregated fuzzy weights for criteria 

The aggregated fuzzy rating                    of 

the i
th
 alternative w.r.t the obtained j

th
 criterion. 

The aggregate fuzzy weight                   
 

Step 3 — Calculate the normalized fuzzy decision 

matrix(NFDM) 

 he      is       r ij]. 
 

Table 2 — Comparison matrix 

  P S D CS L SR E CO W R G Q 

P 1 1 3 3 3 3 3 0.333 1 3 0.2 3 

S 1 1 3 3 3 3 3 0.333 1 3 0.2 3 

D 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

CS 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

L 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

SR 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

E 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

CO 3 3 5 5 5 5 5 1 3 5 0.333 5 

W 1 1 3 3 3 3 3 0.333 1 3 0.2 3 

R 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

G 5 5 7 7 7 7 7 3 5 7 1 7 

Q 0.333 0.333 1 1 1 1 1 0.2 0.333 1 0.143 1 

  13.33 13.33 28 28 28 28 28 6.4 13.33 28 2.933 28 
 

Table 3 — Normalised comparison matrix 

 P S D CS L SR E CO W R G Q SUM SUM/12 

P 0.075 0.075 1071 1071 1071 1071 1071 0.0521 .0.075 0.1071 0.0682 0.1071 1.0953 0.0913 

S 0.075 0.075 1071 1071 1071 1071 1071 0.0521 .0.075 0.1071 0.0682 0.1071 1.0953 0.0913 

D 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.405 0.0337 

CS 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 

L 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 

SR 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 

E 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 

CO 0.225 0.225 0.1786 0.1786 0.1785 0.1786 0.1786 0.1563 0.225 0.1786 0.1136 0.1786 2.1949 0.1829 

W 0.075 0.075 0.1071 0.1071 0.1071 0.1071 0.1071 0.0521 .0.075 0.1071 0.0682 0.1071 1.0953 0.0913 

R 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 

G 0.375 0.375 0.25 0.25 0.25 0.25 0.25 0.4688 0.375 0.25 0.3409 0.25 3.6847 0.3071 

Q 0.025 0.025 0.0357 0.0357 0.0357 0.0357 0.0357 0.0313 0.025 0.0357 0.0487 0.0357 0.4049 0.0337 
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Step 4 — Calculate the weighted normalized fuzzy decision 

matrix(WNFDM)  

The WNFDM is             where v ij   r ij ×wj. 

Step 5 — Calculate the Fuzzy Positive Ideal Solution (FPIS) 

and Fuzzy Negative Ideal Solution (FNIS) 

 

Step 6 — Calculate all the alternative distance to the FPIS and 

FNIS  
 

Step 7 — Evaluate the closeness coefficient CCi 

We calculate the closeness coefficient CCi for all 

alternatives Ai. 
 

Step 8 — Rank the Alternatives 

The high value closeness coefficient alternative 

can represent the best one. The first step in fuzzy 

TOPSIS is to devise the decision matrix, and here we 

get a matrix of the dimensions 10*36 as we have 

twelve factors and we have to write the fuzzy set 

each of the factors, and we also have ten industries 

to rank. Next is to allow weights for every factor in 

the fuzzy set, here the criteria already have a set 

highest and lowest value of one and five the fuzzy 

set is devised accordingly. In this case, we have 

divided the weight each criterion into three equal 

parts for the lowest, most possible, highest scores. 

After the weights are assigned, we have mention 

whether it is cost or profit criteria by mentioning min 

and max for cost and profit respectively. Then the 

Fuzzy MCDM packages are loaded to carry on the 

fuzzy TOPSIS calculations to get the ranking of the 

industries as a result. 

 

Results and Discussion 

Initially the comparison matrix and Normalized 

comparison matrix is calculated. From which the 

eigen value is obtained as λmax =12.027. Then 

consistency index and consistency ratio are 

obtained as 0.002453 and 0.0015929 respectively 

by using eigen value. The results of critical weights 

of the factor which are obtained from AHP are 

presented in Table 4 and Table 5. 

The R studio software is used to run the codes. 

The results obtained from the software are 

presented in Table 5, which presents that the 

industry which has the maximum R-value, the 

combined distance of the alternative from Positive 

Ideal Solution (PIS) and Negative Ideal Solution 

(NIS), is the best in implementing Lean and Green 

practices in their supply chain. 

 

Conclusions 

The questionnaire was prepared to evaluate the 

performance of medium scale Indian automobile 

manufacturing industries regarding lean and green 

implementation and to know the extent to which lean 

and green concept has been applied to these 

industries. This paper had depicted the twelve factors 

for execution of lean and green framework in medium 

scale automobile manufacturing industries in India. 

Among the acquired results we found out the factors 

which affect the implementation of the lean and green 

supply chain in the medium scale automobile 

manufacturing industries. Essential weights are 

obtaining using AHP. Using these weights, the 

industries can be ranked, or the performance is 

measured using Fuzzy TOPSIS. After this, further the 

improvements can be made in the industry according 

to their performance and the performance can be 

found out again. Thus, results obtained from AHP 

shows that the factor government support and the 

capacity of organization are found to be very 

important and critical for implementing lean and 

green concept. 

 

Table 4 — Critical factors 

Factors Value 

Purpose of organisation(P) 0.09 

Structure of organisation(S) 0.09 

Design of product and process(D) 0.03 

Customer satisfaction (CS) 0.03 

Logistics(L) 0.03 

Supply relationships (SR) 0.03 

Environmental performance(E) 0.03 

Capacity of organisation (CO) 0.2 

Willing to admit change(W) 0.09 

Recycling(R) 0.03 

Government support(G) 0.32 

Quality(Q) 0.03 
 

Table 5 — Fuzzy TOPSIS Ranking 

Alternatives R Ranking 

1 0.01844030 7 

2 0.01858414 5 

3 0.01779174 10 

4 0.01780082 9 

5 0.01949293 2 

6 0.01883352 4 

7 0.01966114 1 

8 0.01909803 3 

9 0.01809855 8 

10 0.01850356 6 
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