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Abstract. Agility and sustainability are critical, complementary concepts 

that enable businesses to navigate increasing uncertainties and complexities, 

as highlighted by the COVID-19 pandemic. In agroindustry, business 

processes face significant challenges in adapting to such unpredictable 

conditions, requiring robust strategies to enhance agility and sustainability. 

This study adopts a fuzzy logic approach to address ambiguities and 

uncertainties inherent in traditional performance assessments. A 

sustainability-agility evaluation framework was developed for the chicken 

meat industry, calculating FSCSAI values of 0.58, 0.72, and 0.86, which 

classify the industry as "very sustainable and agile (VSA)" based on 

Euclidean distance calculations. Additionally, challenges such as "using 

agile enabling technology" and "market response and sense" were identified, 

and actionable recommendations were proposed. This study makes two 

significant contributions: (1) demonstrating the applicability of the fuzzy 

logic method for assessing sustainability-agility in agroindustry and (2) 

providing insights for companies and policymakers to address critical 

challenges and implement targeted improvements. Despite its contributions, 

the study acknowledges limitations related to the reliance on decision-maker 

perceptions and emphasizes the importance of expert involvement. The 

findings offer a systematic framework for evaluating sustainability-agility 

indices, with practical applications for the chicken meat sector and beyond.  

1. Introduction 

Covid-19 has greatly affected all fields, including health, social and economic. The COVID-

19 pandemic has raised several challenges to the sustainability of the poultry industry, 

including disruptions in the supply chain, oversupply, animal welfare, and human welfare 

[1], [2]. Long before COVID-19, the company faced tough business competition due to the 

entry of many competitors in the global market. However, with Covid-19, the business 

situation has become more uncertain. For businesses to survive in situations of uncertainty, 
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agility is needed [3], [4]. Agility is a key performance measure of corporate practice that 

needs to be carefully measured to determine a significant improvement in an organization's 

competitive ability [5].  In a competitive environment characterized by high turbulence and 

harsh shocks, such as the current state of the COVID-19 environment, strategic agility can 

offer a viable way to adapt and respond to opportunities through the existing situation by 

looking at changes in consumer sentiment due to COVID-19 [3]. 

In the supply chain concept, these changes and challenges force supply chains to adopt 

new strategies to improve their ability to respond quickly and cost-effectively to unexpected 

changes in the market [6]. For an organization to be competitive and viable, it must be able 

to integrate agile and sustainable systems [5]. Sustainability is the company's responsibility 

to create, protect, and grow long-term environmental, social, and economic value for all 

stakeholders involved in bringing products or services to consumers. Strategic agility 

describes how an organization's senior management can demonstrate the capacity to adapt, 

be flexible, and creative. To forecast unexpected shocks inside and outside the business 

environment in which it operates and respond to them proactively, quickly, and effectively to 

transform these threats into opportunities [7]. By combining strategic agility with 

sustainability, organizations will be able to meet customer needs by appropriately using 

resources. To formulate a new strategy is necessary to assess the current supply chain 

sustainability and agility index as a consideration in making policies or strategies. This study 

proposes an assessment of the supply chain sustainability-agility index using the fuzzy 

concept. 

The concept of agility in sustainability can increase flexibility and responsiveness to 

change, enable learning and provide benefits by providing sustainable results for the company 

[8]. There is a shift from functional to cross-functional within agile, from efficiency to 

effectiveness and flexibility, and from static to responsive with a primary customer 

orientation [9]. Agility has four characteristics: create a future, anticipate opportunity, adapt 

quickly, and always learn [10]. It means that agility has the same goal as sustainability in 

creating a company/organization to be sustainable. 

The fuzzy concept is used in this study because the traditional assessment of sustainability 

and agility performance still contains ambiguity and uncertainty factors. Using the fuzzy 

concept, the assessor can use linguistic terms to assess indicators in natural language 

expressions, and each linguistic term can be associated with a membership function [10]. In 

the fuzzy approach, the ranking performance and importance weights of the agility and 

sustainability variables assessed by experts are expressed in linguistic terms. Then the 

appropriate fuzzy numbers are used to present linguistic values, and simple fuzzy arithmetic 

operations that will be used to synthesize these fuzzy numbers are fuzzy-supply chain-

sustainability-agility-index (FSCSAI). The resulting FSCSAI will provide an overview of the 

organization's overall performance. 

Several previous studies in assessing using fuzzy numbers include [11]–[13], research 

related to fuzzy index agility, among others [14]–[16], whereas [17]–[19] was doing research 

on the fuzzy index sustainability. Until now, there has been no research that integrates the 

assessment of the fuzzy sustainability index with agility. And this is a novelty in this article. 

2. Method 

This research was conducted in a case study of the integrated chicken meat industry because 

the chicken meat industry is one of the important sectors in the Indonesian economy and the 

main producer of animal protein sources that are in great demand. In addition, there is not 

much literature that assesses agility for the agroindustry sector. Generally, the assessment is 
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carried out only to assess the sustainability index. The following are the steps in assessing 

the agility and sustainability index using a fuzzy logic approach: 

2.1  Selecting criteria for assessment 

The dimensions used for agility assessment use the supply chain agility concept [20], and the 

assessment of sustainability dimensions is taken from FAO [21]. And a total of 24 indicators 

for each dimension were taken from the literature study, as shown in Table 1.  

2.2 Determination linguistic scale for assessment 

After identifying the dimensions and indicators, the agility and sustainability rating scale is 

limited by using fuzzy logic through linguistic and translation assessments [15], as shown in 

Table 2. 

2.3  Determination of FSCSAI 

The FSCSAI represents the sustainability and agility index of the poultry supply chain as a 

whole. FSCSAI is determined by two levels of calculation using the fuzzy logic method. 

Before calculating the FSCSAI, determine the sustainability agility performance rating for 

each dimension, where each dimension has several indicators. If Rij and Wij each 

representing a rank (R) and weight (W) at i dimension (i= 1, 2, …, n) and j indicator (j= 1, 2, 

…, m). Then, the performance rating of each dimension can be calculated by the equation (1).  

( ) 
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=
m
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m

j

ijiji WxWRSAforRating
11

/  (1) 

Because, Ri and Wi, each represents the performance rating and weights on each dimension; 

FSCSAI as a whole can be calculated by the equation (2): 
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2.4  Matching the FSCSAI with linguistic terms to identify supply chain agility 
sustainability level 

After knowing the value of FSCSAI, the level of supply chain agility sustainability (L) 

can be determined by comparing FCSAI with the appropriate linguistic terms in L using 

Euclidean distance. The linguistic variable for L is Extremely Sustainable and Agile [ESA 

(0.70, 0.85, 1.00)], Very Sustainable and Agile [VSA (0.55, 0.70, 0.85)], Sustainable and 

Agile [SA (0.35, 0.5, 0.65)], Fairly Sustainable and Agile [FSA (0.15, 0.30, 0.45)], Slowly 

Sustainable and Agile [SSA (0.00, 0.15, 0.30)]. Euclidean distance (D) between FSCAI and 

FSCAL can be calculated by the equation (3).  
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Table 1 Indicators for evaluating agility and sustainability   

Dimension (SA) i Indicators j 

Process integration 1 Supply chain operations flexibility [5], [15], [20], [22], 

[23] 

1 

 Production capacity flexibility [5], [15], [20], [22]–[24] 2 

 Product development flexibility [15], [20], [24], [25] 3 

 Integrated processes [22], [26] 4 

Information integration 2 Information flow within the supply chain [5], [15], [23], 

[25], [27] 

1 

 Use of agile-enabling technologies [5], [20], [22], [24]–

[27] 

2 

Collaborative 

relationship 

3 Management competence [15], [22], [27] 1 

 Competence of employees [22], [27] 2 

 Just-in-time variable [22] 3 

Customer sensitivity 4 Market response and senses [5], [15], [23], [25] 1 

 Customer satisfaction [15], [22], [23], [25] 2 

Economic resilience 5 Cost [5], [26], [28], [29] 1 

 Quality [5], [21], [28]–[30] 2 

Environmental 

integrity 

6 Emissions [21], [26], [28], [30], [31] 1 

 Water [5], [21], [28], [30], [31] 2 

 Air [5], [21], [28], [30], [31] 3 

 Energy [5], [21], [26], [28] 4 

 Waste [21], [28], [31] 5 

 Renewable resources [24]–[26] 6 

Social well-being 7 Animal welfare [21] 3 

 Employee [21], [31] 4 

 Safety and health [5], [21], [28], [30], [31] 5 

Good governance 8 Management commitment [29], [32] 1 

 Corporate ethics [21] 2 

Table 2 Fuzzy number for approximating linguistic variable 

Performance Rating (R) 
Importance Weight (W) 

Linguistic variable Fuzzy Number Linguistic 

variable 

Fuzzy Number 

Worst (W) (0.00, 0.05, 0.15) Very Low (VL) (0.00, 0.05, 0.15) 

Very Poor (VP) (0.10, 0.20, 0.30) Low (L) (0.10, 0.20, 0.30) 

Poor (P) (0.20, 0.35, 0.50) Fairly Low (FL) (0.20, 0.35, 0.50) 

Fair (F) (0.30, 0.50, 0.70) Average (M) (0.30, 0.50, 0.70) 

Good (G) (0.50, 0.65, 0.80) Fairly High 

(FH) 

(0.50, 0.65, 0.80) 

Very Good (VG) (0.70, 0.80, 0.90) High (H) (0.70, 0.80, 0.90) 

Excellent (E) (0.85, 0.95, 1.00) Very High (VH) (0.85, 0.95, 1.00) 

2.5 Identification the weak factors using the fuzzy performance importance 
index (FPII) 

After assessing the level of supply chain sustainability-agility, the weakness indicators 

should be identified using FPII [33]. FPII represents effects that will contribute to the level 

of sustainability and agility. The lower variable of FPII, then, the lower the degree of 

contribution of that variable. FPII can be calculated by the equation (4).  

ijijij RxWFPII '=  (4) 

Where W’
ij = [(1, 1, 1)-Wij]. Wij is a fuzzy number for the weights on the indicator ij. 
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All FPII must be ranked because fuzzy numbers do not always produce a fully ordered 

set like real numbers [17]. So, the ranking of fuzzy numbers is based on the centroid method 

for the membership function (u, m, l), as given in equation (5). Where u, m and l are the 

lower, middle and upper numbers of the triangular fuzzy number, respectively. 

( ) 6/4 lmuscoreRanking ++=  (5) 

3. Result and Discussion 

Research on measuring the supply chain sustainability-agility index has been carried out at 

the chicken meat company in Central Java, Indonesia. This chicken meat company has an 

integrated business model ranging from feed, and livestock, to chicken slaughterhouses. 

3.1 The performance ratings and importance weights of poultry supply chain 
sustainability agility indicators 

Based on the company's condition, the experts evaluate the comprehensive performance 

rating and the importance of the indicators (Rij and Wij) and the dimensional weights (Wi) 

using linguistic variables. The results are shown in Table 3. 

Table 3  Supply chain sustainability and agility ratings and weight 

Dimension Indicators Wi Wij Rij 

Process integration 

(SA1) 

Supply chain operations flexibility (SA11) H H G 

Production capacity flexibility (SA12) H G 

Product development flexibility (SA13) FH F 

Integrated processes (SA14) H VG 

Information 

integration (SA2) 

Information flow within the supply chain 

(SA21) 

FH FH G 

Use of agile-enabling technologies (SA22) H F 

Collaborative 

relationship (SA3) 

Management competence (SA31) FH FH G 

Competence of employees (SA32) FH VG 

Just-in-time variable (SA33) H G 

Customer 

sensitivity (SA4) 

Market response and senses (SA41) H H F 

Customer satisfaction (SA42) H VG 

Economic resilience 

(SA5) 

Cost (SA51) H H VG 

Quality (SA52) H VG 

Environmental 

integrity (SA6) 
Emissions (SA61) H H VG 

Water (SA62) H VG 

Air (SA63) FH VG 

Energy (SA64) FH VG 

Waste (SA65) H VG 

Renewable resources (SA66) H VG 

Social well-being 

(SA7) 

Animal welfare (SA71) FH H VG 

Employee (SA72) FH VG 

Safety and health (SA73) H VG 

Good governance 

(SA8) 

Management commitment (SA81) FH H G 

Corporate ethics (SA82) FH VG 

3.2  Approximation of the linguistic terms by fuzzy number 

Based on Table II, the results of the evaluation of the linguistic variables from the experts 

were converted into fuzzy numbers. These fuzzy numbers are shown in Table 4. 

3.3  Aggregate fuzzy ratings with fuzzy weights to obtain an FSCSAI 

Before calculating the FSCSAI, calculations were made for each dimension's sustainability 

and agility performance ratings. The performance rating of each dimension can be calculated 
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by equation (1). For example, the result of calculating the performance rating for the 

dimension 'Process integration (SA1)' using equation (1) is (0.52, 0.66, 0.80). Similarly, to 

obtain performance ratings for other dimensions of the poultry industry supply chain 

sustainability-agility (Table 5). After getting the performance ratings from dimensions. The 

FSCSAI is calculated by equation (2), with the results of the FSCSAI being (0.58, 0.72, 0.86). 

Table 4  Linguistic variables approximated by fuzzy number 

Dimension Indicators Wi Wij Rij 

SA1 SA11 (0.70, 0.80, 0.90) (0.70, 0.80, 0.90) (0.50, 0.65, 

0.80) 

 SA12  (0.70, 0.80, 0.90) (0.50, 0.65, 

0.80) 

 SA13  (0.50, 0.65, 0.80) (0.30, 0.50, 

0.70) 

 SA14  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA2 SA21 (0.50, 0.65, 0.80) (0.50, 0.65, 0.80) (0.50, 0.65, 

0.80) 

 SA22  (0.70, 0.80, 0.90) (0.30, 0.50, 

0.70) 

SA3 SA31 (0.50, 0.65, 0.80) (0.50, 0.65, 0.80) (0.50, 0.65, 

0.80) 

SA32  (0.50, 0.65, 0.80) (0.70, 0.80, 

0.90) 

 SA33  (0.70, 0.80, 0.90) (0.50, 0.65, 

0.80) 

SA4 SA41 (0.70, 0.80, 0.90) (0.70, 0.80, 0.90) (0.30, 0.50, 

0.70) 

SA42  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA5 SA51 (0.70, 0.80, 0.90) (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA52  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA6 SA61 (0.70, 0.80, 0.90) (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA62  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

 SA63  (0.50, 0.65, 0.80) (0.70, 0.80, 

0.90) 

 SA64  (0.50, 0.65, 0.80) (0.70, 0.80, 

0.90) 

 SA65  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

 SA66  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA7 SA71 (0.50, 0.65, 0.80) (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA72  (0.50, 0.65, 0.80) (0.70, 0.80, 

0.90) 

 SA73  (0.70, 0.80, 0.90) (0.70, 0.80, 

0.90) 

SA8 SA81 (0.50, 0.65, 0.80) (0.70, 0.80, 0.90) (0.50, 0.65, 

0.80) 

SA82  (0.50, 0.65, 0.80) (0.70, 0.80, 

0.90) 
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Table 5  Linguistic variables by fuzzy number 

Dimension Rij 

SA1 (0.50, 0.65, 0.80) 

SA2 (0.50, 0.65, 0.80) 

SA3 (0.50, 0.65, 0.80) 

SA4 (0.30, 0.50, 0.70) 

SA5 (0.70, 0.80, 0.90) 

SA6 (0.70, 0.80, 0.90) 

SA7 (0.70, 0.80, 0.90) 

SA8 (0.50, 0.65, 0.80) 

 

The obtained FSCSAI is tested for consistency by first changing the fuzzy scale into a 

single value by defuzzification of each performance rating and weight. Defuzzification is a 

process of converting the fuzzy output to a single/crisp feasible output. In this study, the crisp 

value used the centroid method approach. The result of the FSCSAI calculation using the 

crisp approach is 0.71. These results indicate that the results of fuzzy and crisp approaches 

are consistent. 

 

3.4  Matching the FSCSAI with an appropriate level 

Euclidean distance (D) from FSCSAI to each member in the set L is calculated using equation 

(3). The value of D(FSCAI, L) is shown in Table 6.  It can be seen from Table 6, that the 

FSCSAI for the company's supply chain in the case study was identified as "Very Sustainable 

and Agile (VSA)" with a value of D(FSCSAI, L)=0.04. The position of the linguistic FSCSAI 

and the membership function corresponding to L is shown in Fig 1. 

 

Table 6  The Euclidean distance from FSCAI to each member in set L 

 D 

ESA VSA SA FSA SSA 

FSCSAI 0.23 0.04 0.38 0.73 0.99 

 

 
Fig. 1.  Linguistic levels to match FSCSAI 

 

3.5  Identification and analysis of the principles challenges 

By adjusting the linguistic variables by looking at the minimum D, the level of sustainability 

and agility in this case study company was identified as 'very sustainable and agile'. Next is 
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to identify the challenges in supply chain sustainability agility. Using equation (4), the FPII 

of each variable can be calculated. In equation (5), the FPII is ranked using a value of 0.20 

as the lower threshold to determine the critical challenges that need to be improved.  Tthere 

are 2 indicators that pose challenges in supply chain sustainability-agility in the poultry 

industry: ' use agile enabling technology' and 'market response and sense.'  

The COVID-19 pandemic has made the use of agile technology important, starting from 

managing and processing resources to becoming products to the delivery process [34]. The 

use of agile technology can answer the issue of worker vulnerability during the COVID-19 

pandemic to the safety and health of workers [2]. The use of agile technology in companies 

can assist decision-makers regarding the value proposition and help companies strengthen 

bonds with customers and adopt more effective policies and practices [35]. Even companies 

that use technology can better survive during the Covid-19 pandemic than companies that 

don't use technology [36]. 

Based on the literature review results [36], there was a change in consumer behavior due 

to the COVID-19 pandemic in the case of the tourism, retail, and education sectors. 

Measurement of supply chain agility at dairy production companies in Saudi Arabia suggests 

that customer and market indicators are important indicators that are the focus of 

management during the COVID-19 pandemic and cost and process indicators [15]. The 

existence of social distancing and work-from-home policies provides new market 

opportunities as long as the industry is observant in seeing opportunities by having customer 

sensitivity to create innovations. New market opportunities can appear suddenly, and 

businesses must respond immediately to support a circular economy [37]. Customer 

sensitivity is included in the strategy of marketing agility to show the potential of the existing 

market to support a developing economy and a more sustainable business [38]. 

After identifying the challenging variables, several suitable strategies have been proposed, 

including: 

1. The location of distribution channels is as close as possible to consumers, where the 

company can place frozen carcass stalls in traditional markets. 

2. Change in sales and payment systems from face-to-face to online. 

3. Design a technology information system along the supply chain. 

4. Increase the use of technology in the production process. 

4. Conclusions 

Using a fuzzy logic approach to analyze the chicken meat industry, the results indicate that 

the industry is categorized as very sustainable and agile. However, challenges persist, 

especially in the adoption of agile enabling technologies and enhancing market 

responsiveness. Tackling these issues is essential for sustaining and advancing both 

sustainability and agility in agro-industry operations. 

The study emphasizes the effectiveness of fuzzy logic in overcoming the ambiguities 

inherent in performance evaluations, proposing a new framework to assess sustainability-

agility indices. The findings offer valuable guidance for businesses and policymakers, 

providing insight into existing gaps and suggesting strategies to improve the integration of 

sustainability and agility. Despite its contributions, the study recognizes limitations, 

particularly the dependence on decision-makers' perceptions when defining fuzzy logic 

membership functions. To enhance the reliability and applicability of these evaluations, 

strategic decision-makers must collaborate with experts, ensuring a comprehensive 

assessment that considers economic, social, resource, and environmental factors. 

This research provides a structured approach to evaluating sustainability-agility 

performance, with practical implications for the chicken meat industry and the broader agro-

industry sector. It serves as a foundational resource for future research and decision-making, 
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supporting the development of resilient and adaptable strategies in an increasingly 

unpredictable business landscape. 
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