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Vehicle type approval (VTA) total registration of electronic vehicles in 

Indonesia for the accumulation period until August 2023 is 81,525 units with 

a composition of 4-wheeled vehicles 18,300 units. The use of electric 

vehicles is still a tiny portion compared to the motorized vehicle population 

in Indonesia, which will reach more than 146 million units in 2022. It is 

different from developments in Europe, the United States, and China, where 

more research into the use of electric vehicles is being carried out. The 

readiness of the automotive industry system to produce electric vehicles is 

absolutely necessary to achieve superior productivity levels. National auto-

motive companies need to anticipate that changes in production systems will 

also change along with changes in processes and components in electric 

vehicles. In the next few years, world-class manufacturing production 

systems will refer to LARG (lean, agile, resilient, and green) aspects. Lean, 

agile, resilient, and environmentally friendly manufacturing industrial 

operations are critical. This research aims to determine the level of appli-

cation of LARG aspects in the electric vehicle automotive industry. The 

method used was exploratory, and a questionnaire was filled out with 

industry experts and analyzed using the analytical hierarchy process (AHP) 

and objective matrix (OMAX). The results of this study confirm that all 

aspects of LARG require improvement. Resilience (R) and green (G) have 

performance below 10 percent, so these two aspects are priorities for 

improvement by the electric car industry in Indonesia. 
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1. INTRODUCTION 

Indonesia has 31% of Southeast Asia's total 

market share, making it the largest automotive 

market in the region [1]. A large population with an 

ever-increasing per capita income makes this 

archipelagic state have promising automotive 

market potential. Southeast Asia's car market share 

in 2021 shows total sales of 2.79 million units (an 

increase of 14% compared to 2020). The largest car 

sales were in Indonesia (887,202 units), Thailand 

(754,254 units), Malaysia (508,911 units), Vietnam 

(304,149 units), the Philippines (223,488 units), 

Singapore (58,953 units) and Myanmar (9,350 

units). Based on data from the Association of 

Indonesian Automotive Industries (Gaikindo), total 

car sales in Indonesia in 2022 are 1,048,040 units, 

which is predicted to increase in 2023.  

Indonesia's commitment to overcoming 
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climate change within the framework of the Paris 

Agreement is to expand the use of renewable 

energy through the development of low-carbon 

emission vehicles. Electric cars are a promising 

technology for achieving a sustainable mass 

transportation sector due to their simplicity, low 

carbon emissions, and low noise levels, where 

electric cars are almost silent [2]. Based on data 

from the  Gaikindo, the Indonesian government 

targets the use of electric cars to reach 400,000 units 

(2024), increase to 600,000 units (2026), and 

1,000,000 units (2030) through the regulatory and 

intensive schemes provided. The number of electric 

cars in Indonesia continues to increase yearly: 687 

units in 2021, 10,327 units in 2022, and 20,414 

units in 2023. This data confirms that the growth in 

the number of electric vehicles in Indonesia is 

moderate. Most electric cars are priced at more than 

IDR 600 million, while the Indonesian automotive 

market is dominated by cars priced below IDR 300 

million. Two leading brands manufacture most 

electric vehicles sold in Indonesia, while other 

manufacturers prepare supporting infrastructure. 

Compared with 1,005,802 ICE (internal combus-

tion engine) based cars in 2023, the transition of 

consumers to electric vehicles is relatively slow. 

Price factors, readiness of supporting infrastructure 

(such as availability of charging stations), product 

knowledge, and others are still inhibiting factors. 

Applying LARG to electric vehicle manufacturers 

is expected to increase competitiveness, thereby 

adding value to consumers. 

Aspects related to humans, such as inefficient 

production processes, are generally related to 

human factors involved in industry. Research by 

Palange and Dhatrak [3] confirmed that lean 

manufacturing is important in all manufacturing 

sectors, such as the automotive industry. The other 

research also shows that the application and 

analysis of the overall LARG aspect in the 

automotive industry has not been widely carried 

out. Research on the lean, agile, resilient, and green 

(LARG) approach in the electric car industry in 

Indonesia is very important, especially considering 

the global change towards sustainable mobility and 

the need for innovation in the automotive industry. 

The lean approach can improve operational 

efficiency by eliminating waste in the supply chain 

and production process of electric vehicles. The 

agile approach allows electric car manufacturers to 

be responsive to relatively rapid changes by 

developing products and services that meet 

consumer demands. The resilient approach can help 

the electric car industry build an even stronger 

system that can adapt quickly to various situations 

and conditions. Meanwhile, the green approach can 

make the electric car industry aware of the 

importance of developing environmentally friendly 

electric vehicles in all business processes. 

Thus, research on lean, agile, resilient, and 

green approaches in Indonesia's electric car 

industry is crucial for the industry's progress and 

meeting global challenges related to sustainable 

mobility and environmental protection. Previous 

research tends only to analyze the implementation 

of one or two aspects of LARG. The machine 

learning models can create effective soft sensors 

that can predict an enterprise's lean manufacturing 

level based on its manufacturing flexibilities [4]. 

Research conducted by Alefari et al. [5] analyzed 

aspects of lean leadership quality to maintain and 

improve employee performance in a lean 

production system. This approach is classified as 

something different because it analyses lean from a 

leadership perspective in a lean production system 

to improve employee performance. 

Haq and Boddu [6] researched the implemen-

tation of agile supply chain management by 

identifying the most appropriate agile enablers for 

companies to implement based on the character-

istics of the related market by linking competitive 

bases, agile attributes, and agile enablers. Research 

by Galankashi et al. [7], conducting an agility 

assessment in the manufacturing industry on the 

supply chain contract aspect, aims to develop a 

framework for evaluating the agility of manufac-

turing companies. 

Digital manufacturing systems can aid 

resilience within the industrial sector and contribute 

to wider societal goals, but the biggest impact is 

likely to be at the lowest level [8]. The research 

conducted by Sambowo and Hidayatno [9] 

analyses the resilience index, which has four main 

factors: robustness, resourcefulness, redundancy, 

and rapidity. Research on supply chain resilience in 

Iran shows that the automotive industry in Iran 

should resist five elements of vulnerability and 

embrace nine elements of capability [10]. 

Research by Nunes and Bennett [11] 

confirmed that the world's three major car 

manufacturers are pursuing various environmental 

initiatives involving the following green operations 

practices.   Research on the   Indian automobile 
industry shows a contextual relationship between 

these practices and the implementation of green 

supply     chain     management     [12].     Research 
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Table 1. Comparison of the contribution of previous research  
 

No Authors Subject Tools Result/Contribution 

1 Govindan et 

al. [13] 

Identify the critical lean, 

green, and resilient 

practices on which top 

management should 

focus to improve the 

performance of 

automotive supply 

chains. 

Structural 

Self-

Interaction 

Matrix 

(SSIM) and 

ISM Model 

 

A major contribution of this research 

lies in developing linkages among 

various lean, green, and resilient 

practices and performance measures 

through a single systemic framework. 

The utility of the proposed ISM 

methodology in imposing order and 

direction on the complexity of 

relationships among system elements 

assumes a handy research method for 

decision-makers. 

2 Cabrita et al. 

[14] 

Creating an ideal type of 

business model to 

integrate the LARG 

paradigm 

Business 

Model Canvas 

(BMC) 

The existing literature shows a clear 

gap between these two research areas. 

This paper addresses this knowledge 

gap, contributing to the discussion on 

creating an ideal type of BM adapted 

to the LARG paradigm. 

3 Aisyah et al. 

[15] 

Analyze the 

implementation of the 

LARG issue in bean-to-

bar chocolate SMEs in 

Indonesia.  

 

Rich Picture 

and 

Importance 

Performance 

Analysis 

(IPA) method  

 

A comparison of the LARG index 

calculations shows the LARG index 

implementation is still deficient at 

3.66 while the interest, according to 

Experts, is 4.39. SMEs must improve 

the performance of the LARG issue in 

order to increase sustainable 

competitiveness.  

4 Aisyah et al. 

[16] 

Analyze the 

implementation of the 

LARG approach in 

Indonesian automotive as 

one of the bases for the 

Asian automotive 

industry.  

Importance 

Performance 

Analysis 

(IPA) method  

 

The results of this study confirm that 

several LARG sub-indicators have not 

been appropriately implemented, with 

an implementation index value of 

4.41.  

5 This Paper Analysis of Lean-Agile-

Resilient-Green (LARG) 

Implementation in the 

Electric Car Industry in 

Indonesia 

Analytical 

Hierarchy 

Process 

(AHP) and 

Objective 

Matrix 

(OMAX). 

The results of this study confirm that 

all aspects of LARG require 

improvement. Resilience (R) and 

Green (G) have performance below 10 

percent, so these two aspects are 

priorities for improvement by the 

electric car industry in Indonesia. 

 

conducted by Duarte and Machado [17] revealed 

that high scores came from good interactions bet-

ween green and lean implementation in automotive 

companies. 

Compared to research aimed at increasing 

industrial competitiveness through implementing 

LARG, assessments on lean, agile, resilient, and 

green aspects have not been widely carried out. The 

lean and green approach evaluates new product 

development in small and medium enterprises [18]. 

An assessment of the implementation of lean, agile, 

resilience, and green (LARG) aspects in the 

automotive industry in Indonesia has been carried 

out through research conducted [16] by producing 

a LARG implementation index value. A business 

model that integrates the LARG paradigm can drive 

sustainable competitive advantage where organiza-

tions can adapt and create new business models 

[14]. 

Research examining aspects of LARG, both 

whole and in part, in the automotive industry is 

rarely carried out. In line with the trend of 

increasing use of electric cars worldwide (including 

in Indonesia), this research aims to assess all 

aspects of lean, agile, resilient, and green in the 

electric car industry. This research also provides 

alternative priorities for developing LARG sub-

criteria using the analytical hierarchy process 
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(AHP) and objective matrix (OMAX) methods 

(Table 1). Through OMAX, several performance 

values from various performance factors or criteria 

are combined into one single performance value so 

that the overall performance picture can be seen 

more clearly. Through the AHP method, a 

hierarchical structure is arranged as a consequence 

of the selected criteria, where the paired matrix 

values are filled in by experts with experience in the 

automotive industry, specifically in electric car 

development. Agility assessment in manufacturing 

companies using the AHP method is then 

categorized based on the main perspective of agility 

[19]. Performance assessment of each LARG sub-

indicator is carried out using the AHP and OMAX 

methods. The novelty of this research is knowing 

the performance of LARG in the electric vehicle 

industry so that the competitiveness of the 

automotive industry can be planned for 

improvement. 

 

2. RESEARCH METHODS 

The method or stages used in this paper are: 

1. The first step in this research is to identify 

LARG sub-indicators that are most suitable for 

the electric car industry in Indonesia from 

various sources and references from various 

articles, direct observation, and FGDs with 

experts in the automotive industry, especially 

in the electric car industry (Stakeholder: 

industry, government, academics, automotive 

association)   

2. Create a questionnaire about the most 

important LARG sub-indicators implemented 

in the electric car industry in Indonesia. 7 

respondents who are experienced in the 

automotive industry will fill out the 

questionnaire, especially in the electric car 

(Stakeholder: The seven respondents used 

were two from the automotive industry. We 

chose a resource person who has a general 

manager position, approximately 15 years of 

experience in the national and international car 

industry, and is part of a team developing 

electric cars in the industry. Three people from 

the government whose positions are at least 

echelon 2, namely the Ministry of Industry, the 

Ministry of Energy and Mineral Resources, 

and the State Electricity Company. They 

understand the electric vehicle industry's 

development roadmap and policy direction. 

Apart from that, one person from the 

automotive association will find out the 

industry's readiness and sustainability in 

developing electric cars. One person from the 

academic community focused on electric 

vehicles to discover the obstacles in 

developing electric cars and the acceptance 

phase of new products and technology in 

society.)—the results of this questionnaire 

selected five sub-indicators from each LARG 

indicator. The five sub-indicators are taken 

from each sub-indicator's first five highest 

values. The experts agreed on this so that the 

industry could focus on improving these five 

sub-indicators. 

3. Determine the weight of the 5 sub-indicators of 

each LARG indicator using AHP. 

AHP was used to determine five sub-indicators 

for each LARG indicator. 5 sub-indicators 

were chosen because the number of sub-

indicators for each LARG indicator was 

different. 

4. Calculating the performance level of LARG 

implementation in the electric car industry 

using OMAX. 

Omax is used to determine the performance of 

each sub-indicator when implementing the 

LARG indicator in the Indonesian automotive 

industry (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The stages in the research method 

 

Determination of Lean sub-indicators refers 

to research Mostafa et al. [20], Vinodh et al. [21], 

Wahab et al. [22], Rahman et al. [23], Bhamu and 

Sangwan [24], Pinto and Mendes [25],  Fullerton 

et al. [26],  and  Piercy  and  Rich [27]. Determina- 

Suggested Improvements 

Identification 

LARG sub-

indicators 

 

FGD 
References 

Questionnaire 1 : Assessment of LARG sub-indicators 

suitable for electric car industry 

Rangking the LARG sub-indicators 

Questionnaire 2 : Calculating the weight of each selected 

LARG sub-indicator with AHP 

Questionnaire 3 : Performance assessment of LARG implementation 

using OMAX 
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Table 2. The rank of LARG sub-indicators 
 

Sub-indicator Symbol Average Rank 

LEAN 

Minimise resource inventory (raw materials, work in process, finished goods, labor, machinery, and 

tools) 

L1 4.571 3 

Ensure all components are quality-tested L2 4.571 4 

Giving workers the confidence to make continuous improvements so that their knowledge and skills 

grow 

L3 4.429 5 

Minimise inventory and resource usage L4 4.286 10 

Improving resource utilisation L5 4.286 11 

Strive to shorten lead time, cycle time, and set-up time L6 5 1 

Innovation in performance appraisal L7 4.286 12 

Multifunctional workforce L8 4.286 9 

Customer satisfaction priority L9 4.429 6 

Just in time L10 4.429 7 

Continuous improvement L11 4.286 8 

Manufacture according to customer wishes  L12 4.714 2 

AGILE 

Maximum utilization of worker's skills, knowledge, judgment, experience and intelligence A1 4.429 6 

Provide and facilitate the continuous development of worker's knowledge, skill, and experience A2 4.286 11 

Multi-skilled and flexible workers A3 4.571 5 

Workers and customer satisfaction priority A4 4.429 7 

Speed in identifying and solving problems A5 4.714 2 

Use IT to integrate/coordinate all production/manufacturing activities A6 4.714 1 

Rapid ability to reconfigure production plans and processes A7 4.429 9 

Speed in improving customer service, reliability of delivery, and response to market changes A8 4.714 3 

Develop business practices that are difficult to replicate A9 4.000 15 

Awareness of technological developments and striving to be a leader in the use of the latest technology A10 4.429 8 

Design and produce a product that is in accordance with consumer desires and provides great added 

value 

A11 4.714 4 

Using centralized planning and collaboration A12 4.286 12 

Speed in reducing development and production cycle times A13 4.143 14 

Increase the frequency of new product introductions A14 3.714 16 

Responsive to changing market needs A15 4.429 10 

Ability to maintain and grow close relationships based on trust with customers and suppliers A16 4.286 13 

RESILIENCE 

Ability to take corrective action when disruptions are identified quickly R1 4.571 2 

The ability to continuously innovate to remain resilient to unavoidable disruptions R2 4.571 3 

Availability of real-time information through improved management information systems R3 4.429 4 

Using raw material sourcing strategies for possible supplier changes R4 4.143 11 

Flexible utilization of raw material sources R5 4.143 12 

Create an inventory strategy for both raw materials and finished goods R6 4.143 13 

Commitment through a contract with the supplier R7 4.000 15 

Design a production system that can accommodate multiple products and real-time changes R8 4.429 5 

Develop cooperation across all production activities to help reduce risk R9 4.286 9 

Implement demand-driven management R10 4.429 7 

Make improvements in maintenance, especially preventive maintenance R11 4.286 10 

Using a flexible transport system R12 4.857 1 

Endeavor to reduce lead time and operating costs R13 4.429 6 

Using multi-skilled labor R14 4.143 14 

Strategies to increase market share R15 4.429 8 

GREEN 

Design products and processes using environmentally friendly materials G1 4.429 6 

Consider the required energy consumption of the product/process G2 4.857 1 

Ease of recycling of designed products G3 4.286 14 

Ease of reuse of materials used G4 4.286 12 

Ease of remanufacturing G5 4.429 7 

Using the least polluting manufacturing facility G6 4.429 8 

Waste management according to regulations G7 4.857 2 

Using production technology to minimize pollution G8 4.429 9 

Reduction in the amount of waste G9 4.714 3 

Implement an energy-efficient manufacturing process G10 4.571 5 

Water saving in the manufacturing process G11 4.286 13 

Product or service customization G12 4.000 18 

Invest in greener design and technology G13 4.286 16 

Management that considers environmental aspects G14 4.429 10 

Efforts to develop green technology G15 4.571 4 

Participation in socialization/training activities conducted by the government or related institutions G16 4.143 17 

Division of roles and responsibilities G17 4.286 15 

Evaluation of existing business processes G18 4.429 11 
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tion of Agile sub-indicators refers to research by 
Singh and  Vinodh [28],  Sangari and Razmi [29], 

Gligor et al. [30],  Matawale et al. [31], Yang [32], 

and Purvis et al. [33]. Determination of the 

Resilient sub-indicator refers to research by 

Pramanik et al. [34], Rajesh [35], Ali et al. [36], 

Sahu et al. [37], and  Hosseini and Al Khaled [38]. 

Determination of the Greensub indicator refers to 

research by Zobel [39],  Banaeian et al. [40], 

Ghazilla et al. [41] and Kusi-Sarpong et al. [42].  

  

3. RESULTS AND DISCUSSION 

3.1. Result 

The stage results, searching and identifying 

indicators and sub-indicators from various 

reference articles and discussions with electric car 

experts, obtained 12 sub-indicators for lean, 16 for 

agile, 15 for resilience, and 18 for green. The 

identified sub-indicators are different from the 

LARG sub-indicators in the article on the imple-

mentation of LARG in the automotive industry in 

Indonesia [16]. In this paper, LARG is explicitly 

implemented in the electric car industry. The 

questionnaire was created and distributed to 

determine the level of importance of each sub-

indicator. The results of the questionnaire from 7 

experts were obtained using simple statistics. The 

results of the calculation and ranking of each sub-

indicator (Table 2). 
 

 

 

 

 

 

 

 
 

Fig. 2. The LARG implementation measurement 

hierarchy structure 

 

The first 5 ranks of each sub-indicator were 

selected to calculate the importance weight using 

AHP. The AHP structure of LARG implemen-

tation in the electric car industry (Fig. 2). The 

AHP calculation stage only focuses on calculating 

the weight of each sub-indicator because, in this 

study, each indicator is considered equally 

important, so the weight is the same 0.25. 

The questionnaire results were processed and 

converted into a pairwise matrix, and the geo-

metric mean value (Table 3, Table 4, Table 5, and 

Table 6). Then, the value was normalized by 

dividing the value of each cell by the number of 

values in the column where the cell was located so 

that the overall normalization value (Table 7, 

Table 8, Table 9, and Table 10). The normaliza-

tion rows were summed and averaged.  
 

Table 3. Pairwise comparison matrix for lean 

sub-indicators 
 

Sub-

indicators 
L6 L12 L1 L2 L3 

L6 1 3.302 1.260 2.621 1.817 

L12 0.303 1 0.404 2.289 2.289 

L1 0.794 2.466 1 2.924 2.924 

L2 0.382 0.437 0.342 1 0.271 

L3 0.550 0.437 0.342 3.684 1 
 

Table 4. Pairwise comparison matrix for agile 

sub-indicators 
 

Sub-

indicators 
A6 A5 A8 A11 A3 

A6 1 1.913 0.630 0.523 5.593 

A5 0.523 1 1.710 1.609 1.710 

A8 1.587 0.585 1 1.710 6.257 

A11 1.913 0.621 0.585 1 7.612 

A3 0.179 0.585 0.160 0.131 1 
 

Table 5. Pairwise comparison matrix for 

resilience sub-indicators 
 

Sub-

indicators 
R12 R1 R2 R3 R8 

R12 1 0.523 0.621 1.710 7.000 

R1 1.913 1 1.913 5.593 7.612 

R2 1.609 0.523 1 7.612 7.612 

R3 0.585 0.179 0.131 1 2.080 

R8 0.143 0.131 0.131 0.481 1 
 

Table 6. Pairwise comparison matrix for green 

sub-indicators 
 

Sub-

indicators 
G1 G7 G9 G15 G10 

G1 1 0.430 0.143 0.212 0.212 

G7 2.327 1 0.342 0.585 0.160 

G9 7.000 2.924 1 1.609 0.395 

G15 4.718 1.710 0.621 1 0.111 

G10 4.718 6.257 2.530 9.000 1 

Lean

L6

L12

L1

L2

L3

Agile

A6

A5

A8

A11

A3

Resilience

R12

R1

R2

R3

R8

Green

G2

G7

G9

G15

G10

Implementation of LARG in 

Indonesia’s Electric Car Industry 
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In order to obtain the maximum  sum of  

each sub-indicator was carried out, then the 

average, the consistency index was calculated 

using equation (1) to determine the accuracy of the 

respondent's assessment. 
 

𝐶𝐼 =  
 maks−n

𝑛−1
                                                   (1) 

 

where CI is the consistency index mak: 

maximum eigen value; and n: number of samples. 

After the CI value is known, the consistency ratio 

value is obtained with equation (2). 
 

𝐶𝑅 =  
𝐶𝐼

𝑅𝐼
                                                              (2) 

 

where CR: Consistency Ratio and RI: Random 

Consistency Index 

According to Saaty [43], an acceptable CR 

value is  10% or  0.1. If the result is more than 

10%, the judgment is likely random and must be 

corrected.  
 

Table 7. Normalization of pairwise comparison 

matrix and weight of lean sub-indicators 
 

Sub-

indicators 
L6 L12 L1 L2 L3 Weight 

L6 0.330 0.432 0.376 0.209 0.219 0.313 

L12 0.100 0.131 0.121 0.183 0.276 0.162 

L1 0.262 0.323 0.299 0.234 0.352 0.294 

L2 0.126 0.057 0.102 0.080 0.033 0.080 

L3 0.182 0.057 0.102 0.294 0.120 0.151 
 

Table 8. Normalization of pairwise comparison 

matrix and weight of agile sub-indicators 
 

Sub-

indicators 
A6 A5 A8 A11 A3 Weight 

A6 0.192 0.407 0.154 0.105 0.252 0.222 

A5 0.100 0.213 0.419 0.324 0.077 0.226 

A8 0.305 0.124 0.245 0.344 0.282 0.260 

A11 0.368 0.132 0.143 0.201 0.343 0.237 

A3 0.034 0.124 0.039 0.026 0.045 0.054 
 

Table 9. Normalization of pairwise comparison 

matrix and weight of resilient sub-indicators 
 

Sub-

indicators 
R12 R1 R2 R3 R8 Weight 

R12 0.190 0.222 0.164 0.104 0.277 0.191 

R1 0.364 0.425 0.504 0.341 0.301 0.387 

R2 0.307 0.222 0.263 0.464 0.301 0.311 

R3 0.111 0.076 0.035 0.061 0.082 0.073 

R8 0.027 0.056 0.035 0.029 0.040 0.037 

 

In lean indicators, the biggest weight is L6 

(Efforts to shorten lead time, cycle time, and set-

up). The biggest weight of the agile indicator is A8 

(Speed in improving customer service, delivery 

reliability, and response to market changes). The 

resilience indicator's biggest weight is R1 (Ability 

to take corrective action when disruptions are 

identified quickly); in the green indicator, the 

biggest weight is G10 (Implement energy-

efficient manufacturing process). The calculation 

of the consistency index (CI) and consistency ratio 

(CR) shows that the questionnaire results are 

consistent because they have a value of less than 

10% or 0.1, so they can proceed to the following 

process (Table 11). 
 

Table 10. Normalization of pairwise comparison 

matrix and weight of green sub-indicators 
 

Sub-

indicators 
G1 G7 G9 G15 G10 Weight 

G1 0.051 0.035 0.031 0.017 0.113 0.049 

G7 0.118 0.081 0.074 0.047 0.085 0.081 

G9 0.354 0.237 0.216 0.130 0.210 0.229 

G15 0.239 0.139 0.134 0.081 0.059 0.130 

G10 0.239 0.508 0.546 0.725 0.532 0.510 
 

Table 11. CI and CR value of each indicator 
 

Indicator 
Consistency 

Index (CI) 

Consistency 

Ratio (CR) 

Lean 0.089 0.079 

Agile 0.060 0.054 

Resilience 0.046 0.042 

Green 0.076 0.068 
 

3.2. Calculating LARG Implementation 

Performance 

The next step is to calculate the performance 

value of the LARG implementation carried out by 

the electric car industry in Indonesia. The data 

used in calculating the performance value is from 

the questionnaire conducted to 3 respondents. The 

results of the calculation of LARG implemen-

tation performance can be seen in Table 12, Table 

13, Table 14, and Table 15. The highest 

performance is the green indicator at 45%, the lean 

indicator at 29%, the agile indicator at 15%, and 

finally, the resilience indicator at 7%. It means that 

the implementation of LARG in Indonesia's 

electric car industry still needs to be improved. 

 

3.3. Managerial implications 

The electric vehicle industry has a low LARG 

implementation score, especially in the Resilience 

and Green indicators. Dramatically improving all 

aspects of LARG will require substantial 

resources and investment. Gradually improving 

each LARG sub-indicator is a more realistic 

option for developing electric vehicles. As a new 

business in Indonesia, electric vehicle manufac-

turers  can  make  LARG  an  essential  aspect  for  
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Table 12. Lean implementation performance 
 

LEAN 

Sub Indicator L6 L12 L1 L2 L3 
Level  

Performance 8 9 8 8 7 
Expected 10 10 10 10 10 10  

 9.571 9.714 9.429 9.571 9.286 9  
 9.143 9.429 8.857 9.143 8.571 8  
 8.714 9.143 8.286 8.714 7.857 7  
 8.286 8.857 7.714 8.286 7.143 6  
 7.857 8.571 7.143 7.857 6.429 5  

 7.429 8.286 6.571 7.429 5.714 4  

Based 7 8 6 7 5 3  
 5.667 6.333 4.667 5.667 3.667 2  
 4.333 4.667 3.333 4.333 2.333 1  

Worst 3 3 2 3 1 0  

score 6 7 7 6 6   

Weight 31.400 16.20 29.500 8.000 14.900 100  

Value 188.400 113.4 206.50 48.000 89.400 645.7 Current 

      500 Previous 

      29% IP 
 

Table 13. Agile implementation performance 
 

AGILE 

Sub Indicator A6 A5 A8 A11 A3 
Level  

Performance 8 9 8 7 6 

Expected 10 10 10 10 10 10  

 9,571 9,714 9,429 9,571 9,286 9  

 9,143 9,429 8,857 9,143 8,571 8  

 8,714 9,143 8,286 8,714 7,857 7  

 8,286 8,857 7,714 8,286 7,143 6  

 7,857 8,571 7,143 7,857 6,429 5  

 7,429 8,286 6,571 7,429 5,714 4  

Based 7 8 6 7 5 3  

 6,000 6,333 5,667 6,333 3,667 2  

 5,000 4,667 5,333 5,667 2,333 1  

Worst 4 3 5 5 1 0  

score 6 7 7 3 5   

Weight 23,020 23,070 26,250 24,010 3,650 100  

Value 138,120 161,49 183,75 72,030 18,250 573,64 Current 

      500 Previous 

      15% IP 
 

Table 14. Resilience implementation performance 
 

RESILIENCE 

Sub Indicator R12 R1 R2 R3 R8 
Level 

 

 Performance 6 6 7 7 9 

Expected 10 10 10 10 10 10  

 9,143 9,286 9,429 9,429 9,286 9  

 8,286 8,571 8,857 8,857 8,571 8  

 7,429 7,857 8,286 8,286 7,857 7  

 6,571 7,143 7,714 7,714 7,143 6  

 5,714 6,429 7,143 7,143 6,429 5  

 4,857 5,714 6,571 6,571 5,714 4  

Based 4 5 6 6 5 3  

 3,333 4,000 5,000 5,000 4,000 2  

 2,667 3,000 4,000 4,000 3,000 1  

Worst 2 2 3 3 2 0  

score 6 5 5 5 9   

Weight 19,140 38,69 31,137 7,302 3,728 100  

Value 114,84 193,5 155,69 36,510 33,552 534,05 Current 

      500 Previous 

      7% IP 
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Table 15. Green implementation performance 
 

RESILIENCE 

Sub Indikator G1 G7 G9 G15 G10 
Level 

 

 Performance 8 9 9 8 9 

Expected 10 10 10 10 10 10  

 9,571 9,714 9,714 9,571 9,571 9  

 9,143 9,429 9,429 9,143 9,143 8  

 8,714 9,143 9,143 8,714 8,714 7  

 8,286 8,857 8,857 8,286 8,286 6  

 7,857 8,571 8,571 7,857 7,857 5  

 7,429 8,286 8,286 7,429 7,429 4  

Based 7 8 8 7 7 3  

 5,667 6,667 7,000 5,667 6,333 2  

 4,333 5,333 6,000 4,333 5,667 1  

Worst 3 4 5 3 5 0  

score 6 7 7 6 8   

Weight 5,227 8,802 25,005 14,230 46,736 100 Current 

Value 31,362 61,614 175,03 85,380 373,88 727.3 Current 

      7% IP 

 

increasing competitiveness. Using a flexible 

transport system (R12), the production system can 

be implemented by implementing a practical and 

efficient system where waste in the movement of 

people and goods that do not have added value can 

be reduced or eliminated. Ability to take correc-

tive action when disruptions are identified quickly 

(R1), carried out by quickly responding to every 

problem. The ability to continuously innovate to 

remain resilient to unavoidable disruptions (R2) 

by carrying out innovation based on continuous 

improvement. The availability of real-time infor-

mation through improved management informa-

tion systems (R3) is carried out by maximizing the 

information system of all related parts in response 

to problems. Design a production system that can 

accommodate multiple products and real-time 

changes (R8), which is also applied to respond to 

each change. Consider the required energy 

consumption of the product/process (G2), which 

can be done by reducing unnecessary energy 

consumption. According to regulations (G7), 

waste management utilizes waste material for 

production needs. Waste reduction (G9) is carried 

out by identifying all activities that do not add 

value. Efforts to develop green technology (G15) 

by transitioning to renewable energy-based energy 

supply sources are used. Implement an energy-

efficient manufacturing process (G10), where 

continuous reduction of inefficient energy use in 

production lines is carried out. 

The use of electric vehicles will continue to 

grow, so manufacturers need to continue to 

improve LARG's performance. The partial 

implementation of LARG, which is currently 

dominantly carried out by the automotive 

industry, needs to make a breakthrough by 

including all aspects of LARG simultaneously. 

Theoretically, the electric vehicle industry's 

competitiveness can be increased by improving 

the LARG sub-indicator. 

This research confirms that applying LARG 

aspects can improve company performance, which 

will impact increasing the competitiveness of the 

Indonesian automotive industry. This research is 

similar to previous research. Previous research did 

not focus on the electric car industry, and this 

research assesses the application of LARG 

specifically to the electric car industry in 

Indonesia. The LARG indicator's overall value is 

still low, possibly because Indonesia's electric 

vehicle automotive industry is still in the early 

stages of development. The weakness of this 

research is that the data used is only from two 

automotive companies in Indonesia that already 

produce electric cars. 

 

4. CONCLUSION 

The electric car industry in Indonesia has 

implemented LARG indicators with different 

performance levels. The highest level of green 

performance is 45%, and the lowest is the 

resilience indicator, which is 7%. However, for the 

industry to continue to grow and be competitive, 

implementing the LARG approach must be 

improved again. Electric car manufacturers can 

gradually improve each aspect and sub-indicator 

of LARG, which is a priority for improvement. 

Further research can be carried out involving 

more electric car industries. For further research, 
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we can focus on two groups on the LARG aspect. 

The Lean aspect is Agile, which focuses on 

production efficiency; the second is Resilient and 

Green, which focuses on sustainability. 

 

ACKNOWLEDGMENT  

Thank the Directorate General of Higher 

Education, Research and Technology, Indonesian 

Ministry of Education, Culture, Research, and 

Technology, through the PFR scheme for the 2023 

Fiscal Year (Contract Number: 01-1-

4/563/SPK/VII/2023). 

 

REFERENCES 

[1] H. Zhang, Y. Tang, and T. Yi, ‘Southeast 

Asia Region’, H. Zhang, Y. Tang, and T. 

Yi, Eds., Singapore: Springer Nature 

Singapore, 2023, pp. 185–277. doi: 

10.1007/978-981-16-2105-5_5. 

[2] J. A. Sanguesa, V. Torres-Sanz, P. Garrido, 

F. J. Martinez, and J. M. Marquez-Barja, 

‘A Review on Electric Vehicles: 

Technologies and Challenges’, Smart 

Cities, vol. 4, no. 1, pp. 372–404, Mar. 

2021, doi: 10.3390/smartcities4010022. 

[3] A. Palange and P. Dhatrak, ‘Lean 

manufacturing a vital tool to enhance 

productivity in manufacturing’, Mater. 

Today Proc., vol. 46, pp. 729–736, 2021, 

doi: 10.1016/j.matpr.2020.12.193. 

[4] R. Sekhar, N. Solke, and P. Shah, ‘Lean 

Manufacturing Soft Sensors for 

Automotive Industries’, Appl. Syst. Innov., 

vol. 6, no. 1, p. 22, Feb. 2023, doi: 

10.3390/asi6010022. 

[5] M. Alefari, K. Salonitis, and Y. Xu, ‘The 

Role of Leadership in Implementing Lean 

Manufacturing’, Procedia CIRP, vol. 63, 

pp. 756–761, 2017, doi: 

10.1016/j.procir.2017.03.169. 

[6] A. N. Haq and V. Boddu, ‘Analysis of 

enablers for the implementation of leagile 

supply chain management using an 

integrated fuzzy QFD approach’, J. Intell. 

Manuf., vol. 28, no. 1, pp. 1–12, 2017, doi: 

10.1007/s10845-014-0957-9. 

[7] M. R. Galankashi, S. A. Helmi, A. R. 

Abdul Rahim, and F. M. Rafiei, ‘Agility 

assessment in manufacturing companies’, 

Benchmarking An Int. J., vol. 26, no. 7, pp. 

2081–2104, Jan. 2019, doi: 10.1108/BIJ-

10-2018-0328. 

[8] D. S. Fowler, G. Epiphaniou, M. D. 

Higgins, and C. Maple, ‘Aspects of 

resilience for smart manufacturing 

systems’, Strateg. Chang., vol. 32, no. 6, 

pp. 183–193, Nov. 2023, doi: 

10.1002/jsc.2555. 

[9] A. L. Sambowo and A. Hidayatno, 

‘Resilience Index Development for the 

Manufacturing Industry based on 

Robustness, Resourcefulness, 

Redundancy, and Rapidity’, Int. J. 

Technol., vol. 12, no. 6, pp. 1177–1186, 

Dec. 2021, doi: 

10.14716/ijtech.v12i6.5229. 

[10] M. A. Kaviani, M. Tavana, F. Kowsari, 

and R. Rezapour, ‘Supply chain resilience: 

a benchmarking model for vulnerability 

and capability assessment in the 

automotive industry’, Benchmarking An 

Int. J., vol. 27, no. 6, pp. 1929–1949, Jan. 

2020, doi: 10.1108/BIJ-01-2020-0049. 

[11] B. Nunes and D. Bennett, ‘Green 

operations initiatives in the automotive 

industry’, Benchmarking An Int. J., vol. 17, 

no. 3, pp. 396–420, Jun. 2010, doi: 

10.1108/14635771011049362. 

[12] S. Luthra, D. Garg, and A. Haleem, ‘Green 

Supply Chain Practices Implementation in 

Indian Automobile Industry’, in 

Proceedings of International conference 

on Smart Technologies for Mechanical 

Engineering At: Delhi Technological 

University, New Delhi on October, 2013, 

pp. 25–26. [Online]. Available: 

http://www.publishingindia.com/GetBroc

hure.aspx?query=UERGQnJvY2h1cmVzf

C8xMjQ2LnBkZnwvMTI0Ni5wZGY= 

[13] K. Govindan, S. G. Azevedo, H. Carvalho, 

and V. Cruz-Machado, ‘Lean, green and 

resilient practices influence on supply 

chain performance: interpretive structural 

modeling approach’, Int. J. Environ. Sci. 

Technol., vol. 12, no. 1, pp. 15–34, Jan. 

2015, doi: 10.1007/s13762-013-0409-7. 

[14] M. do R. Cabrita, S. Duarte, H. Carvalho, 

and V. Cruz-Machado, ‘Integration of 

Lean, Agile, Resilient and Green 

Paradigms in a Business Model 

Perspective: Theoretical Foundations’, 

IFAC-PapersOnLine, vol. 49, no. 12, pp. 

1306–1311, 2016, doi: 

10.1016/j.ifacol.2016.07.704. 

http://dx.doi.org/10.30656/jsmi.v8i1.7674
https://doi.org/10.1007/978-981-16-2105-5_5.
https://doi.org/10.3390/smartcities4010022
https://doi.org/10.1016/j.matpr.2020.12.193
https://doi.org/10.3390/asi6010022
https://doi.org/10.1016/j.procir.2017.03.169
https://doi.org/10.1007/s10845-014-0957-9
https://doi.org/10.1108/BIJ-10-2018-0328
https://doi.org/10.1108/BIJ-10-2018-0328
https://doi.org/10.1002/jsc.2555
https://doi.org/10.14716/ijtech.v12i6.5229
https://doi.org/10.1108/BIJ-01-2020-0049
https://doi.org/10.1108/14635771011049362
http://www.publishingindia.com/GetBrochure.aspx?query=UERGQnJvY2h1cmVzfC8xMjQ2LnBkZnwvMTI0Ni5wZGY=
http://www.publishingindia.com/GetBrochure.aspx?query=UERGQnJvY2h1cmVzfC8xMjQ2LnBkZnwvMTI0Ni5wZGY=
http://www.publishingindia.com/GetBrochure.aspx?query=UERGQnJvY2h1cmVzfC8xMjQ2LnBkZnwvMTI0Ni5wZGY=
https://doi.org/10.1007/s13762-013-0409-7
https://doi.org/10.1016/j.ifacol.2016.07.704


Jurnal Sistem dan Manajemen Industri Vol 8 No 1 June 2024, 61-72 

 

         http://dx.doi.org/10.30656/jsmi.v8i1.7674    71 

 

[15] S. Aisyah, C. Jaqin, and H. H. Purba, 

‘Identification Of Lean, Agile, Resilient, 

And Green (Larg) Practices On Agro 

Industry Indonesia’, in Proceedings of the 

2019 1st International Conference on 

Engineering and Management in 

Industrial System (ICOEMIS 2019), Paris, 

France: Atlantis Press, 2019, pp. 62–69. 

doi: 10.2991/icoemis-19.2019.10. 

[16] S. Aisyah, H. H. Purba, C. Jaqin, Z. R. 

Amelia, and H. Adiyatna, ‘Identification of 

Implementation Lean, Agile, Resilient and 

Green (LARG) Approach in Indonesia 

Automotive Industry’, J. Eur. des Systèmes 

Autom., vol. 54, no. 2, pp. 317–324, Apr. 

2021, doi: 10.18280/jesa.540214. 

[17] S. Duarte and V. Cruz Machado, ‘Green 

and lean implementation: an assessment in 

the automotive industry’, Int. J. Lean Six 

Sigma, vol. 8, no. 1, pp. 65–88, Jan. 2017, 

doi: 10.1108/IJLSS-11-2015-0041. 

[18] G. A. Oliveira, K. H. Tan, and B. T. 

Guedes, ‘Lean and green approach: An 

evaluation tool for new product 

development focused on small and 

medium enterprises’, Int. J. Prod. Econ., 

vol. 205, pp. 62–73, 2018, doi: 

10.1016/j.ijpe.2018.08.026. 

[19] A. Sanders, C. Elangeswaran, and J. 

Wulfsberg, ‘Industry 4.0 implies lean 

manufacturing: Research activities in 

industry 4.0 function as enablers for lean 

manufacturing’, J. Ind. Eng. Manag., vol. 

9, no. 3, p. 811, Sep. 2016, doi: 

10.3926/jiem.1940. 

[20] S. Mostafa, J. Dumrak, and H. Soltan, ‘A 

framework for lean manufacturing 

implementation’, Prod. Manuf. Res., vol. 

1, no. 1, pp. 44–64, Dec. 2013, doi: 

10.1080/21693277.2013.862159. 

[21] S. Vinodh, K. Ramesh, and C. S. Arun, 

‘Application of interpretive structural 

modelling for analysing the factors 

influencing integrated lean sustainable 

system’, Clean Technol. Environ. Policy, 

vol. 18, no. 2, pp. 413–428, Feb. 2016, doi: 

10.1007/s10098-015-1025-7. 

[22] A. N. A. Wahab, M. Mukhtar, and R. 

Sulaiman, ‘A Conceptual Model of Lean 

Manufacturing Dimensions’, Procedia 

Technol., vol. 11, pp. 1292–1298, 2013, 

doi: 10.1016/j.protcy.2013.12.327. 

[23] N. A. A. Rahman, S. M. Sharif, and M. M. 

Esa, ‘Lean Manufacturing Case Study with 

Kanban System Implementation’, 

Procedia Econ. Financ., vol. 7, pp. 174–

180, 2013, doi: 10.1016/S2212-

5671(13)00232-3. 

[24] J. Bhamu and K. Singh Sangwan, ‘Lean 

manufacturing: literature review and 

research issues’, Int. J. Oper. Prod. 

Manag., vol. 34, no. 7, pp. 876–940, Jul. 

2014, doi: 10.1108/IJOPM-08-2012-0315. 

[25] M. J. A. Pinto Junior and J. V. Mendes, 

‘Operational practices of lean 

manufacturing: Potentiating 

environmental improvements’, J. Ind. Eng. 

Manag., vol. 10, no. 4, pp. 550–580, Oct. 

2017, doi: 10.3926/jiem.2268. 

[26] R. R. Fullerton, F. A. Kennedy, and S. K. 

Widener, ‘Lean manufacturing and firm 

performance: The incremental 

contribution of lean management 

accounting practices’, J. Oper. Manag., 

vol. 32, no. 7–8, pp. 414–428, Nov. 2014, 

doi: 10.1016/j.jom.2014.09.002. 

[27] N. Piercy and N. Rich, ‘The relationship 

between lean operations and sustainable 

operations’, Int. J. Oper. Prod. Manag., 

vol. 35, no. 2, pp. 282–315, Jan. 2015, doi: 

10.1108/IJOPM-03-2014-0143. 

[28] A. K. Singh and S. Vinodh, ‘Modeling and 

performance evaluation of agility coupled 

with sustainability for business planning’, 

J. Manag. Dev., vol. 36, no. 1, pp. 109–

128, Jan. 2017, doi: 10.1108/JMD-10-

2014-0140. 

[29] M. S. Sangari and J. Razmi, ‘Business 

intelligence competence, agile capabilities, 

and agile performance in supply chain’, 

Int. J. Logist. Manag., vol. 26, no. 2, pp. 

356–380, Jan. 2015, doi: 10.1108/IJLM-

01-2013-0012. 

[30] D. M. Gligor, C. L. Esmark, and M. C. 

Holcomb, ‘Performance outcomes of 

supply chain agility: When should you be 

agile?’, J. Oper. Manag., vol. 33–34, pp. 

71–82, 2015, doi: 

10.1016/j.jom.2014.10.008. 

[31] C. R. Matawale, S. Datta, and S. S. 

Mahapatra, ‘Supplier selection in agile 

supply chain’, Benchmarking An Int. J., 

vol. 23, no. 7, pp. 2027–2060, Jan. 2016, 

http://dx.doi.org/10.30656/jsmi.v8i1.7674
https://doi.org/10.2991/icoemis-19.2019.10
https://doi.org/10.18280/jesa.540214
https://doi.org/10.1108/IJLSS-11-2015-0041
https://doi.org/10.1016/j.ijpe.2018.08.026
https://doi.org/10.3926/jiem.1940
https://doi.org/10.1080/21693277.2013.862159
https://doi.org/10.1007/s10098-015-1025-7
https://doi.org/10.1016/j.protcy.2013.12.327
https://doi.org/10.1016/S2212-5671(13)00232-3
https://doi.org/10.1016/S2212-5671(13)00232-3
https://doi.org/10.1108/IJOPM-08-2012-0315
https://doi.org/10.3926/jiem.2268
https://doi.org/10.1016/j.jom.2014.09.002
https://doi.org/10.1108/IJOPM-03-2014-0143
https://doi.org/10.1108/JMD-10-2014-0140
https://doi.org/10.1108/JMD-10-2014-0140
https://doi.org/10.1108/IJLM-01-2013-0012
https://doi.org/10.1108/IJLM-01-2013-0012
https://doi.org/10.1016/j.jom.2014.10.008


Jurnal Sistem dan Manajemen Industri Vol 8 No 1 June 2024, 61-72 

 

72  http://dx.doi.org/10.30656/jsmi.v8i1.7674     

 

doi: 10.1108/BIJ-07-2015-0067. 

[32] J. Yang, ‘Supply chain agility: Securing 

performance for Chinese manufacturers’, 

Int. J. Prod. Econ., vol. 150, pp. 104–113, 

2014, doi: 10.1016/j.ijpe.2013.12.018. 

[33] L. Purvis, J. Gosling, and M. M. Naim, 

‘The development of a lean, agile and 

leagile supply network taxonomy based on 

differing types of flexibility’, Int. J. Prod. 

Econ., vol. 151, pp. 100–111, 2014, doi: 

10.1016/j.ijpe.2014.02.002. 

[34] D. Pramanik, A. Haldar, S. C. Mondal, S. 

K. Naskar, and A. Ray, ‘Resilient supplier 

selection using AHP-TOPSIS-QFD under 

a fuzzy environment’, Int. J. Manag. Sci. 

Eng. Manag., vol. 12, no. 1, pp. 45–54, 

Jan. 2017, doi: 

10.1080/17509653.2015.1101719. 

[35] R. Rajesh, ‘Measuring the barriers to 

resilience in manufacturing supply chains 

using Grey Clustering and VIKOR 

approaches’, Measurement, vol. 126, pp. 

259–273, 2018, doi: 

10.1016/j.measurement.2018.05.043. 

[36] A. Ali, A. Mahfouz, and A. Arisha, 

‘Analysing supply chain resilience: 

integrating the constructs in a concept 

mapping framework via a systematic 

literature review’, Supply Chain Manag. 

An Int. J., vol. 22, no. 1, pp. 16–39, Jan. 

2017, doi: 10.1108/SCM-06-2016-0197. 

[37] A. K. Sahu, S. Datta, and S. S. Mahapatra, 

‘Evaluation of performance index in 

resilient supply chain: a fuzzy-based 

approach’, Benchmarking An Int. J., vol. 

24, no. 1, pp. 118–142, Feb. 2017, doi: 

10.1108/BIJ-07-2015-0068. 

[38] S. Hosseini and A. Al Khaled, ‘A hybrid 

ensemble and AHP approach for resilient 

supplier selection’, J. Intell. Manuf., vol. 

30, no. 1, pp. 207–228, 2019, doi: 

10.1007/s10845-016-1241-y. 

[39] T. Zobel, ‘The impact of ISO 14001 on 

corporate environmental performance: a 

study of Swedish manufacturing firms’, J. 

Environ. Plan. Manag., vol. 59, no. 4, pp. 

587–606, Apr. 2016, doi: 

10.1080/09640568.2015.1031882. 

[40] N. Banaeian, H. Mobli, B. Fahimnia, I. E. 

Nielsen, and M. Omid, ‘Green supplier 

selection using fuzzy group decision 

making methods: A case study from the 

agri-food industry’, Comput. Oper. Res., 

vol. 89, pp. 337–347, 2018, doi: 

10.1016/j.cor.2016.02.015. 

[41] R. A. R. Ghazilla, N. Sakundarini, S. H. 

Abdul-Rashid, N. S. Ayub, E. U. Olugu, 

and S. N. Musa, ‘Drivers and Barriers 

Analysis for Green Manufacturing 

Practices in Malaysian SMEs: A 

Preliminary Findings’, Procedia CIRP, 

vol. 26, pp. 658–663, 2015, doi: 

10.1016/j.procir.2015.02.085. 

[42] S. Kusi-Sarpong, C. Bai, J. Sarkis, and X. 

Wang, ‘Green supply chain practices 

evaluation in the mining industry using a 

joint rough sets and fuzzy TOPSIS 

methodology’, Resour. Policy, vol. 46, pp. 

86–100, 2015, doi: 

10.1016/j.resourpol.2014.10.011. 

[43] T. L. Saaty, Decision making for leaders: 

the analytic hierarchy process for 

decisions in a complex world. RWS 

publications, 1990. [Online]. Available: 

https://books.google.co.id/books?id=c8Kq

SWPFwIUC&dq 

 

http://dx.doi.org/10.30656/jsmi.v8i1.7674
https://doi.org/10.1108/BIJ-07-2015-0067
https://doi.org/10.1016/j.ijpe.2013.12.018
https://doi.org/10.1016/j.ijpe.2014.02.002
https://doi.org/10.1080/17509653.2015.1101719
https://doi.org/10.1016/j.measurement.2018.05.043
https://doi.org/10.1108/SCM-06-2016-0197
https://doi.org/10.1108/BIJ-07-2015-0068
https://doi.org/10.1007/s10845-016-1241-y
https://doi.org/10.1080/09640568.2015.1031882
https://doi.org/10.1016/j.cor.2016.02.015
https://doi.org/10.1016/j.procir.2015.02.085
https://doi.org/10.1016/j.resourpol.2014.10.011
https://books.google.co.id/books?id=c8KqSWPFwIUC&dq
https://books.google.co.id/books?id=c8KqSWPFwIUC&dq

