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Abstract

:

The purpose of this study is to identify and prioritize green marketing strategies in the food industry by taking sustainability goals into consideration since it is very difficult to prioritize and select green marketing strategies when considering sustainability criteria in their implementation. Therefore, it is necessary to use an appropriate solution to prioritize these strategies. For this purpose, sustainability criteria and green marketing strategies are recognized. Then, sustainability criteria are screened using the fuzzy Delphi method. Subsequently, using the fuzzy stepwise weight assessment ratio analysis method, the criteria are weighted according to expert recommendations. Next, green marketing strategies in the Iranian food industry are ranked using several fuzzy multiple criteria decision-making methods: fuzzy additive ratio assessment, fuzzy complex proportional assessment, fuzzy technique for order preference by similarity to the ideal solution, and fuzzy Viekriterijumsko Kompromisno Rangiranje methods. Finally, the results are integrated with the help of the Copeland method to choose the best strategies. The results indicated that the criteria of ‘minimizing waste’, ‘minimizing environmental impacts’, and ‘consumer participation’ had the highest weight. In addition, the strategies for the ‘development of waste reduction technology, ‘development of market research to detect green needs’, and ‘use of recycled or reusable materials in products’ received a higher rank.
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1. Introduction


In Iran, the food industry accounts for about 18.5% of the country’s total food waste [1]. Food waste causes financial losses and adverse effects on the environment. The contribution of the food industry to this waste is significant [2]. The high amount of food waste not only depletes resources but also diminishes the value of materials, resulting in socio-ecological consequences [3,4]. This fundamental challenge poses a significant threat to sustainability. From a social perspective, food waste can lead to food insecurity and poverty and reduce the availability and affordability of food [5,6].



The food industry uses such a large portion of water that this process finally leads to bacterial contamination; this is one of the main reasons for the loss of ecosystem balance as an effective and remarkable hazard to sustainability [7]. According to current studies, 1/3 of the world’s food production is spoiled every year [8]. These food losses produce 3.3 billion tons of carbon dioxide [9], which accounts for 30% of the world’s greenhouse gas emissions [10]. Food waste can have a very negative effect on community health and the environment and endanger global sustainability. Food waste can also have socio-economic consequences, such as poverty, high food prices, and declining incomes [11]. It should be noted that these wastes vary at various stages of the food cycle in developed and developing countries, as reported by the Food and Agriculture Organization (FAO) of the United Nations and shown in Figure 1.



Figure 1 shows food waste in various parts of the world, which is different in developing and developed countries in disparate sections. As can be seen, Iran is located in the southwestern part of Asia, which has more food waste in both production (23%), and consumption (34%), than the other sections. Therefore, decisions to reduce food waste that directly and indirectly have a serious impact on the environment should focus on these two areas [11]. Other risks to the food industry for the community and the environment are food packaging, including plastic packaging, which is popular because of its ease of use and low production costs [12]. Food packaging waste makes up more than a third of solid waste, which has many environmental effects [13].



Figure 2 demonstrates the amount of waste at different stages of food production in Southwest Asia. Since the food industry does not dominate 34% of consumption, it focuses on its value chain (25%), which directly reduces waste and environmental effects. Today, sustainability has become a necessity for business organizations, which, along with environmental and social issues, is part of their strategic goals of companies. A large number of companies are adopting green measures to address consumers’ concerns about their environmental effects [14]. Thus, green marketing strategies (GMS) are needed by organizations to maintain a competitive advantage and achieve sustainability [15]. Furthermore, green marketing strategies (GMSs) of food companies can indirectly affect the culture of consumption [11,12] and move in the direction of sustainability. Managers and marketers of the food industry, by considering the role of food production and consumption on environmental degradation and examining marketing strategies, can help reduce the effects of this industry on the environment, community health [16], and costs [17]. One of the ways to deal with environmental crises and issues is to use green products. Green products have positive characteristics such as not harming the environment and protecting it; they are useful for the health of society; and they are better in terms of quality and environmental performance [18]. GMSs in the food industry play an important role in reducing environmental degradation [13,15,16]. Furthermore, the green actions of companies affect the choice of compatible products by customers [11,19]. In addition to developing environmentally friendly products that have the minimum effect on the environment, GMSs must also meet customer expectations [20]. Many industries today use GMSs to ensure sustainable growth; however, many studies have suggested that aligning green actions with business strategies is no longer a competitive advantage but a necessity [13,16,18,21].



Due to the importance of environmental problems, companies in various industries consider it necessary to choose the right combination of GMSs to achieve a sustainable competitive advantage [22]. Since different industries have different GMSs to achieve a competitive advantage [23], it cannot be said that there is a single strategy for all industries. It is important to note that the right strategy must be in line with market conditions [24]. One of the most important challenges in choosing GMSs is having enough knowledge to accurately evaluate their impact on various dimensions of sustainability. To address this challenge, fuzzy multiple criteria decision-making (MCDM) methods can be used as an approach to aid managers in eliminating the complexity of decisions and also taking into account the mental ambiguities of experts [25,26]. Similarly, due to the requirement to pay attention to standards and different aspects of sustainability, food industry managers have been forced to use GMS with a sustainability lens. To our knowledge, several articles have focused on green marketing [16,27,28,29], also in the food industry [30], mainly promoting green consumption by customers. Meanwhile, there is minimal research on the evaluation of GMSs, and none of these articles has considered all dimensions of sustainability in evaluating strategies [31,32]. Surprisingly, the green marketing literature has paid limited attention to the evaluation of green strategies in the food industry. Loosely speaking, there are still no studies evaluating GMSs considering sustainability criteria for the food industry. This matter caused key sustainable GMS to go unrecognized in the food industry. Consequently, it is not possible to formulate strategic policies and respond to existing problems and challenges (such as food waste) in this industry. The lack of studies on the evaluation of GMSs prompted us to identify and prioritize these strategies based on the most important sustainability criteria. Accordingly, this article makes a major contribution to research on GMSs by demonstrating the significance of choosing strategies in the food industry.



Based on the previous study in green marketing, the ranking of GMSs based on sustainability dimensions in a fuzzy environment has been conducted for the first time in this study. The proposed research framework based on fuzzy hybrid-MCDM helps the food industry choose its GMSs according to the challenges of this industry. Considering the importance of green marketing in the development of sustainability in the food industry in Iran, this study ranks GMSs from the perspective of sustainability dimensions using a hybrid-MCDM approach in a fuzzy environment. In this research, we identified GMSs and sustainability criteria for evaluating strategies from past literature and used the fuzzy Delphi method to screen strategies. Sustainability criteria and sub-criteria are measured using the step-wise weight assessment ratio analysis (fuzzy SWARA) method. In the next step, using four fuzzy-MCDM methods, the strategies are ranked based on the weight of each sub-criterion. Finally, the Copeland method will be used as a method to integrate rankings. The proposed research framework based on fuzzy hybrid-MCDM helps the food industry choose its GMSs according to the challenges of this industry.



The rest of this paper is arranged as follows: Section 2 reviews the relevant literature on GMSs in the food industry, their dimensions, and sustainability criteria to evaluate strategies and the application of MCDM techniques in this area. Section 3 discusses the hybrid fuzzy MCDM approach. In Section 4, the results of the proposed model will be comprehensively analyzed and discussed, and finally, managerial implications, research constraints, and overall research conclusions will be presented.




2. Literature Review


This research focuses on the evaluation of GMSs to improve the sustainability dimensions of the food industry in Iran. The literature review is divided into three sections, in the following order: studies related to GMSs, studies related to sustainability criteria for evaluating GMSs, and studies related to the application of fuzzy MCDMs for GMSs.



2.1. Green Marketing Strategies


Green marketing involves all marketing activities that provide for human needs in an appropriate manner that does not harm the environment. Thus, manufacturing, packaging, marketing, distribution, and even product idea generation include these activities. Hence, the definition of marketing does not simply restrict itself to selling or advertising. In other words, green marketing signifies all activities to reduce products’ harmful effects on the environment [33]. Additionally, green marketing can be equal to environmental marketing or sustainable marketing. Green marketing primarily concerns the environment; environmental, social, and economic sustainability are integral to sustainable marketing [14]. Due to the interaction between firms and the environment, green marketing has become an important issue and has been significantly growing in the recent two decades [14,34].



Nowadays, environmental concerns and climate change have become vital issues for customers and manufacturers [22], and consumers who are more inclined to choose green products are increasing, and a percentage of these consumers pay higher prices for environmentally friendly products [35]. The company’s success in this area is based on innovative measures to integrate environmental concerns and marketing strategies, as a result of which opportunities are identified [36]. Therefore, company goals and environmental protection must be aligned through accurate GMS. According to Mukonza and Swarts [22], companies can help promote greener consumer consumption through GMSs, thus creating new markets and business opportunities.



Given the increasing importance of environmental protection from a consumer perspective, an appropriate GMS can easily influence customer purchasing decisions because customers pay attention to the sustainable activities of companies in the community, and these actions have a positive effect on loyalty and brand image [27]. Park et al. [37] reviewed the application of GMSs in the online environment. This study was based on two objectives: 1. Investigating the impact of green information transmitted from online environments. 2. Examining the moderating role of environmental awareness on customers’ perceptions, attitudes, and green conceptions, according to Mukonza and Swarts [22], GMS has a positive effect on the company’s business performance and brand image.



Rahman and Nguyen-Viet [38] examined the effect of green advertising receptivity, non-deception, green brand image, and transparency on green brand trust and subsequently its effect on consumer purchase intention. They concluded that green advertising receptivity and green brand image influence green brand trust. Furthermore, green brand trust influences consumer purchase intention, and the influence of non-deception and transparency on green brand trust is insignificant.



Belz and Schmidt-Riediger [39] investigated the characteristics and drivers of sustainability marketing strategies in the German food industry. They identified four types of sustainability marketing strategies with distinctive characteristics: performers, followers, indecisive, and passive. They concluded that there is a fit between strategic positioning and the incorporation of sustainability issues into marketing. Companies that are positioned in the quality segment tend to adopt sustainable marketing. Risitano et al. [40], in their research on the impact of sustainability on marketing strategy and business performance in the Italian fisheries sector, identified factors that contribute to the sustainable development of fisheries companies. For this purpose, they analyzed the relationships between sustainable social behavior, sustainable environmental behavior, sustainable marketing, and return on investment. They concluded that adopting a sustainable marketing strategy has a positive impact on the environmental, social, and economic development of society. Rudawska [31] surveyed 770 small- and medium-sized enterprises (SMEs) with the aim of identifying sustainable marketing strategies used in the European food industry. Taherpouran et al. [32] identified 13 factors for the development of green marketing in the food industry in Iran. We identified GMSs for achieving sustainability through a literature review. This article helps to extend the literature on evaluating GMSs, especially in the food industry. Table 1 shows the assembled GMSs from the literature.



According to the Table 1, 22 strategies were identified from the literature review. These strategies include a range of actions that food companies face.




2.2. Sustainability Criteria for Evaluating Green Marketing Strategies


Sustainability refers to the ability of a system, process, or scheme to persist over the long term while considering current and future social, economic, and environmental needs and utilizing optimal resources while maintaining ecological resilience and balance. Criteria for sustainability refer to a set of quantitative and qualitative indicators that are used to measure the sustainability of systems, processes, and organizations [14].



Companies’ commitment to green activities requires attention to and adherence to the dimensions of sustainability. In fact, the necessary condition for achieving the advantage of sustainability is to consider environmental thinking in all processes of any organization. Implementing and carefully selecting GMS can help fulfill this commitment [21]. Strategies can be well adapted when balancing sustainability and marketing principles because sustainability principles emphasize minimum consumption and maximum resource conservation. In contrast, the principles of marketing strive for maximum consumption or production and minimum conservation of resources [45].



Previous research has shown that sustainability has become a major issue for policymakers due to its specific dimensions, especially its environmental dimension, and in this regard, organizations must pay attention to GMSs to become a more sustainable brand [27,46]. Ho et al. [26] claimed that the orientation of green marketing has the biggest effect on sustainability. Based on this, to become a top brand, companies must direct their environmental activities towards sustainability criteria to become a more sustainable and green brand in this competitive environment [47]. Numerous studies have claimed that promoting the consumption of green products is a significant role in green marketing, and the role of companies in promoting these products is directly related to achieving sustainability [41,48].



In order to achieve appropriate feedback from the implementation of GMSs, companies must establish appropriate criteria for measuring and evaluating GMSs or actions. It is important to note that, due to the lack of effective criteria in previous studies to evaluate GMSs in a particular industry [25], considering evaluation criteria based on sustainability dimensions can help develop a model for evaluating marketing strategies. Furthermore, in most previous studies on green issues, the scope of sustainability in the environmental dimension was defined [45]. Since the term sustainability is a combination of all economic, social, and environmental responsibilities, the study of these areas provides a valuable understanding of the development of organizational strategies [47]. Dimensions and sustainability criteria for evaluating GMSs in the food industry are shown in Table 2.



According to Table 2, the dimensions of sustainability in this article, which is intended to evaluate GMSs, include four dimensions: environmental, social, economic, and manufacturing. Environmental    (   D 1   )    is one of the most important dimensions in the food industry because it emphasizes the use of energy, reducing pollution and waste, and generally preserving and reducing environmental impacts [55]. Social    (   D 2   )    is about connecting with consumers and improving their quality of life through corporate social responsibility, which helps to promote the company’s image [56]. Economic    (   D 3   )    refers to maximizing profits and minimizing the costs incurred to earn money; it also emphasizes the optimal use of resources to create a significant lasting impact by reducing the adverse consequences of exploitation [27,48,50]. For the first time, this study proposes a manufacturing dimension for the food industry. In fact, manufacturing sustainability is very closely related to the other three dimensions. This dimension refers to the creation and improvement of the quality of manufactured products, which helps to preserve the environment and safety by using appropriate economic processes [57].




2.3. Application of Fuzzy MCDMs for Green Marketing Strategies


It is very difficult for companies to add green marketing to their strategic plans, which is considered a side policy. On the other hand, many companies have not been able to benefit from their green marketing activities, so choosing the right GMS for companies is essential [24]. However, choosing an optimal GMS has always been a major decision problem for organizations and managers, and MCDM methods can be very helpful to solve this problem [26,58].



In recent years, several studies have been conducted on the application of MCDM to GMS and sustainability. Chen and Yang [25] ranked the green marketing audit criteria using the analytical hierarchy process (AHP) and decision-making trial and evaluation laboratory (DEMATEL) methods. The results of their research showed that the development of GMS depends on linking green marketing activities with company performance. Banihashemi et al. [59] investigated, classified, and weighted barriers in the execution of green supply chain management in the construction industry. In their paper, the fuzzy BWM method was applied to weigh the challenges. Ho et al. [26] used a fuzzy-MCDM hybrid model to investigate the interrelationships and effects of green marketing orientations on sustainability during the COVID-19 pandemic. They used fuzzy DEMATEL-based analytical network processes (ANP) or fuzzy DANP in this MCDM hybrid model. In Korucuk et al.’s [60] study, a practical approach was used to examine and provide appropriate solutions to the problem of choosing digital marketing strategies and green approaches. Liu et al. [23] presented a gray decision model using DEMATEL to evaluate the drivers of green marketing implementation in the Chinese automotive industry. Tabavar et al. [28] proposed the AHP and technique for order of preference by similarity to the ideal solution (TOPSIS) fuzzy hybrid method for ranking GMSs affecting entrepreneurship. Nilashi et al. [61] examined neuromarketing techniques in the green marketing of sustainable products using the AHP method.



In this study, in order to consider the uncertainty of food industry experts, a fuzzy environment prevails in all steps. Fuzzy decision-making methods help experts consider uncertainty in their decisions [62]. So far, the choice of GMSs with respect to sustainability criteria in a fuzzy environment has not been observed. Additionally, not all industries have the same strategies, so this study is essential. The theoretical basis for this study is built upon the existing literature related to green marketing and sustainability. Specifically, we draw upon the works of scholars such as Ho et al. [26] and Chen and Yang [25], among others, to develop the present research framework. This study contributes to the green marketing literature by evaluating different GMSs based on sustainability criteria. Obviously, this study fills a gap in the literature by providing empirical evidence on the effectiveness of these strategies, which can help firms develop more sustainable marketing practices.





3. Methodology


The presented contribution focuses on a practical approach for ranking GMSs by considering different dimensions of sustainability in a fuzzy environment. The proposed approach has three main steps: selecting criteria and strategies, weighting sustainability criteria, and ranking GMSs. In the first step, alternatives and criteria are identified through a literature review. The literature review is conducted by searching keywords such as ‘green marketing’, ‘sustainability’, and ‘MCDM’ in the ‘Google Scholar’ and ‘Scopus’ databases. Then the fuzzy Delphi method is used to screen alternatives. A questionnaire is used as the primary data source to achieve this goal, which makes this research a survey-method study. Interviews were conducted in five sessions with the food industry and academic experts between March and April 2022. Thus, this research is cross-sectional from the perspective of time horizon. These experts included ten senior managers from Iran’s food industry who were over 30 years old, held a Ph.D. in Food Science and Technology or at least a master’s degree in management and had a minimum of five years of experience as a CEO or R&D manager. In the next step, the fuzzy SWARA method is used for calculating the weights of criteria and sub-criteria. There are four methods of MCDM, including fuzzy additive ratio assessment (ARAS), fuzzy complex proportional assessment (COPRAS), fuzzy TOPSIS, and fuzzy viekriterijumsko kompromisno rangiranje (VIKOR) for GMS ranking. In the end, the Copeland method is applied to integrate the results to obtain the final results. Therefore, this research is multi-method and quantitative from the perspective of the research method. This research and its results are based on measurement and observation; therefore, its philosophy is positivism. The general research framework is shown in Figure 3.



3.1. Fuzzy Delphi Method


In this research, the fuzzy Delphi method has been used to identify the most important strategies and eliminate the less important ones. MCDM is used to compare some options and rank them based on some criteria. MCDM may be used when the evaluation process includes several variables in which verbal expressions from experts’ opinions are used in the questionnaire, in which case they cannot be easily converted into quantitative units. In the meantime, the fuzzy technique is a suitable method for quantifying verbal expressions that is comprehensive and popular [63,64].



The steps of the fuzzy Delphi method are described below, adapted from Guttorp et al. [62]:



Step 1: According to the strategies identified in Table 1, a questionnaire was designed using a linguistic scale to indicate the importance of each strategy.



Step 2: Collecting the opinions of the experts using the questionnaire. The questionnaires were completed by industrial and academic experts.



Step 3: The experts’ opinions were converted into triangular, fuzzy numbers. Calculating the fuzzy weight   (   w ˜  j   ) of each strategy using (1):


    w ˜  j  =  (   α j  ,  γ j  ,  β j   )    ∀ j   ϵ   m  



(1)




where:


   α j  =   min   i ∈ n    {   a  i j    }    ∀ j   ϵ   m  



(2)






   γ j  =    (    ∏   i = 1  n   b  i j    )     1 n      ∀ j   ϵ   m  



(3)






   β j  =   max   i ∈ n    {   c  i j    }    ∀ j   ϵ   m  



(4)







Step 4: The obtained weights are then defuzzified using the center of gravity method as follows:


   S j  =    α j  +  γ j  +  β j   3    ∀ j   ϵ   m  



(5)







Step 5: Strategies with values greater than 0.7 are selected, and those with values less than 0.7 are eliminated.




3.2. Fuzzy SWARA Method


The process of determining the weight of the criteria using the fuzzy SWARA method is as follows [65]:



Step 1: Calculating the value of the coefficient of comparative importance (    k ˜  j   ) using Equation (6):


    k ˜  j  =  {        1 ˜  j  = 1         s ˜  j  +  1 j  > 1        



(6)







Step 2: Calculating the value of the fuzzy weights of the criteria (    q ˜  j   ) using (7):


    q ˜  j  =  {       1 j  = 1           k ˜   j − 1       k ˜  j    j > 1        



(7)







Step 3: Calculating the weight of the criterion (    W ˜  j   ) using (8):


    W ˜  j  =     q ˜  j      ∑   k = 1  n    q ˜  k     



(8)








3.3. Hybrid MCDM Methods


Each MCDM technique has a specific perspective and considers an aspect in the evaluation and ranking of options that the other technique does not consider. In this research, different MCDM methods have been used to evaluate strategies from different perspectives. Since each combined method may consider a different rank for strategies, Copeland’s method is used to achieve a unified result.



3.3.1. Fuzzy ARAS Method


The steps for solving the fuzzy ARAS method are as follows [66]:



Step 1: Formation of the decision-making matrix (DMM) with fuzzy numbers (    a ˜   i j    ).



Step 2: Normalization of the DMM matrix. For benefit criteria using (9):


      a ¯  ˜    i j   =     a ˜   i j       ∑   i = 0  m    a ˜   i j      



(9)







And for the cost criterion, using (10):


    a ˜   i j   =  1    a ˜   i j  *    ,         a ¯  ˜    i j   =     a ˜   i j       ∑   i = 0  m    a ˜   i j      



(10)







Step 3: Calculating the normalized weight values of the criteria using Equation (11):


      a ^  ˜    i j   =   a ˜   i j   ×  w j  ,     i = 0 , 1 , 2 , … , m  



(11)







Step 4: Determining the values of the optimality function using (12).


    S ˜  i  =   ∑   j = 1  n      a ^  ˜    i j   ,     w i t h   i = 1 , 2 , … , n  



(12)







Step 5: The     S ˜  i    must be defuzzified using (13):


   S i  =  1 3   (   S  i α   +  S  i β   +  S  i γ    )   



(13)







Step 6: Calculating the degree of alternative utility using (14):


   K i  =    S i     S 0     



(14)








3.3.2. Fuzzy COPRAS Method


The steps of fuzzy COPRAS are described below, adapted from Zavadskas and Kaklauskas [67]:



Step 1: Forming the fuzzy decision-making matrix.



Step 2: Converting fuzzy matrix numbers to crisp numbers using (15):


   x  i j   =    [   (   x  i j  u  −  x  i j  l   )  +  (   x  i j  m  −  x  i j  l   )   ]   3  +  x  i j  l   



(15)







Step 3: Calculating the normalized decision matrix using (16):


    x ¯   i j   =    x  i j       ∑   i = 1  m   x  i j     ,     i = 1 , 2 , … , m ,     j = 1 , 2 , … , n  



(16)







Step 4: Calculating the weighted normalized matrix using (17):


    x ^   i j   =  w j  ×   x ¯   i j    



(17)







Step 5: Calculating the sum of the criteria values.



For benefit criteria, we are using (18):


   s  + i   =   ∑   j = 1  k    x ^   − i j   ,     i = 1 , 2 , … , m ,     j = 1 , 2 , … , n    



(18)







And for cost criteria, we use (19):


   s  − i   =   ∑   j = k + 1  n    x ^   + i j   ,     i = 1 , 2 , … , m ,     j = k + 1 , k + 2 , … , n  



(19)







Step 6: Calculating relative importance values of alternatives using (20):


   Q i  =  S  + i   +     ∑   i = 1  m   s  − i      S  − i   ×   ∑   i = 1  m   1   s  − i       ,     i = 1 , 2 , … , m  



(20)







Step 7: Calculating performance scores as follows:


   Q  m a x   = m a x  {   Q i   }  ,     i = 1 , 2 , … , m  



(21)






   P i  =    Q i     Q  m a x     100 %  



(22)







Finally, the alternatives should be ranked from highest to lowest based on the COPRAS performance score (   P i   ).




3.3.3. Fuzzy TOPSIS Method


The steps of the fuzzy TOPSIS method are as follows [68]:



Step 1: Compute the normalized fuzzy decision matrix for benefit and cost criteria as follows:


    r ˜   i j   =  (     a  i j      c j *    ,    b  i j      c j *    ,    c  i j      c j *     )        a n d          c j *  =   max  i   {   c  i j    }         (  f o r   b e n e f i t   c r i t e r i a  )   



(23)






    r ˜   i j   =  (     a j −     c  i j     ,    a j −     b  i j     ,    a j −     a  i j      )        a n d          c j −  =   min  i   {   a  i j    }        ( f o r   c o s t   c r i t e r i a )  



(24)







Step 2: Constructing the weighted normalized fuzzy decision matrix (    v ˜   i j    ) using (25):


    v ˜   i j   =   r ˜   i j   ×  w j   



(25)







Step 3: Computing the fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) as follows:


   A *  =  (    v ˜  1 *  ,   v ˜  2 *  , … ,   v ˜  n *   )  ,     w h e r e     v ˜  j *  =   max  i   {   v  i j 3    }   



(26)






   A −  =  (    v ˜  1 −  ,   v ˜  2 −  , … ,   v ˜  n −   )  ,     w h e r e     v ˜  j −  =   min  i   {   v  i j 1    }   



(27)







Step 4: Computing the (   d i   ), which is the distance from each alternative to the FPIS and the FNIS, using (28):


   d i *  =   ∑  j = 1  n   d  (    v ˜   i j   ,   v ˜  j *   )  ,      d i −  =   ∑  j = 1  n   d  (    v ˜   i j   ,   v ˜  j −   )     



(28)







Step 5: Calculating the closeness coefficient    (  C  C i   )    of each alternative using (29):


  C  C i  =    d i −     d i −  +  d i +     



(29)







Step 6: The alternative with the highest    (  C  C i   )    is the best alternative, and we can rank the alternatives.




3.3.4. Fuzzy VIKOR Method


According to Opricovic [69], the steps of the fuzzy VIKOR method are as follows:



Step 1: Forming the decision-making matrix.



Step 2: Normalizing the initial sub-criteria values due to the various dimensions and units of the criteria to eliminate the sub-criteria type and dimension effects on the evaluation. Standardizing the sub-criteria value as follows:



The normalization value for the sub-criteria of profit is obtained with objective data as follows:


   b  i j   =    a  i j       ∑   i = 1  m   a  i j                (  i = 1 , 2 , … , m ,       j = 1 , 2 , … , p  )   



(30)







The normalization value for the sub-criteria of profit with triangular fuzzy numbers is obtained through the following:


     b ˜   i j   =  (      a ˜   i j       max  i   {    a ˜   i j    }     )  =  [     a  i j  L      max  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }    ,    a  i j  M      max  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }    ,    a  i j  R      max  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }     ]     i = 1 , 2 , … m ,       j = p + 1 ,   p + 2 ,   … n   



(31)







Normalization values for cost sub-criteria with objective data can be obtained by:


  t h e    b  i j   =   1 /  a  i j       ∑   i = 1  m  1 /  a  i j                (  i = 1 , 2 , … , m ,       j = 1 , 2 , … , p  )   



(32)







Normalizing the value for cost sub-criteria with triangular fuzzy numbers using (33):


     b ˜   i j   =  (      min  i   {    a ˜   i j    }      a ˜   i j      )  =  [      min  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }     a  i j  R    ,     min  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }     a  i j  M    ,     min  i   {   a  i j  L  ,  a  i j  M  ,  a  i j  R   }     a  i j  L     ]     i = 1 , 2 , … m ,       j = p + 1 ,   p + 2 ,   … n   



(33)







Step 3: If    B +    and    B −    imply the fuzzy positive and negative ideal solutions, respectively, FPIS and FNIS can be calculated using (34):


   {       B +  =  (   b j +   )  =  {   (    max  i   b  i j   |   j   ∈    J 1   )  ,  (    min  i   b  i j   |   j ∈    J 2   )   }         B −  =  (   b j −   )  =  {   (    min  i   b  i j   |   j   ∈    J 1   )  ,  (    max  i   b  i j   |   j ∈    J 2   )   }         



(34)







Step 4: After determining the fuzzy positive and negative ideal solutions, calculate    S i    and    R i    using (35) and (36):


   S i  =   ∑   j = 1  n     w j   (   b j +  −  b  i j    )     (   b j +  −  b j −   )     



(35)






   R i  =   max  j   (     w j   (   b j +  −  b  i j    )     (   b j +  −  b j −   )     )   



(36)







Step 5: Computing the    Q i    for all alternatives to rank the alternatives restrained and accurately using (37):


    Q i  =   v  (   S i  −  S +   )     S −  −  S +    +    (  1 − v  )   (   R i  −  R +   )     R −  −  R +        S −  =   max  i   {   S i   }  ,              S +  =   min  i   {   S i   }        R −  =   max  i   {   R i   }  ,              R +  =   min  i   {   R i   }      



(37)







Step 6: Ranking all the alternatives by comparing    S i   ,    R i   , and    Q i    in decreasing order. When the following two conditions are met, the alternatives are ranked based on Qi, and the optimal alternative is for Qi to be the smallest.



Acceptable advantage:   Q  (   A   ( 2 )     )  − Q  (   A   ( 1 )     )  ≥ 1 /  (  m − 1  )   , where Q(A(1)) is the first alternative that is ranked according to the value of Qi, and Q(A(2)) is the second alternative that is ranked according to the value of Qi.



Acceptable stability in evaluation: after ranking by the value of Qi, the alternative    A   ( 1 )      must also be the best reordered by the value of Si or Ri. If one of the conditions is not met, then compromise solutions are provided as follows:



If the first condition is not met, both alternatives will be the best alternatives. If the second condition is not met, alternatives A(1) and A(2) are both selected as the top alternatives.




3.3.5. Copeland Method


In this method, to evaluate the final ranking, the number of wins and losses for each alternative is calculated. The ranking is done by calculating the difference between the number of wins ΣC and the number of losses ΣR [70].



Grade of each factor =   Σ C − Σ R  .






4. Result and Discussion


The result is divided into three sections, in the following order: first, screening analysis of GMSs using fuzzy Delphi; second, using fuzzy SWARA to estimate the weight of sustainability criteria, and finally, analyzing the ranking of strategies.



4.1. Use of Fuzzy Delphi to Screen the Most Important Green Marketing Strategies


Considering evaluating and selecting GMS in the Iranian food industry, in this study, an attempt has been made to expertly examine the importance of the dimensions of sustainability in order to select appropriate GMS for this industry. First, using a literature review, 22 GMSs were extracted, and the results are shown in Section 2.1. Then, fuzzy Delphi questionnaires on a 5-point Likert scale were completed by 20 senior food industry executives, academic experts, and environmental consultants. In the first round, using the fuzzy Delphi technique, strategies with a threshold of less than 0.7 were eliminated, and their number was reduced to 16. In the second round, questionnaires were sent to experts again, and finally, the final number of GMSs was reduced to 12 alternatives. The results of which can be seen in Table 3.




4.2. Fuzzy SWARA Application to Estimate the Weight of Sustainability Criteria


In the next step, the weights of the main criteria and sub-criteria are calculated using the fuzzy SWARA method, for which experts are given questionnaires and asked to assess the importance of each criterion compared to the previous criterion. Then, the weight of the criteria and sub-criteria is calculated using Equation (8). The weight of the main criterion is multiplied by the sub-criterion. Table 4 shows the weight of the sustainability criteria and the relevant sub-criteria.



As can be seen in Table 4, among the 23 sustainability criteria, C4 obtained the most weight and C11 obtained the lowest weight by the fuzzy SWARA method. In addition, C3 and C9 are ranked second and third, respectively, after minimizing waste.




4.3. Ranking the Strategies


In this section, according to the weights obtained from the previous section and using the opinions of the same previous experts, the ranking of strategies is calculated using MCDM methods. According to the results of Table 5, in the four main methods of this research, ‘development of waste reduction technology’ was identified as the most important GMS of Iran’s food industry. Additionally, in these methods, ‘demonstrating the company’s environmental actions through advertisement’ was ranked as the last one. Moreover, the sixth and seventh ranks as well as the tenth to twelfth ranks of these four methods were similar; however, in other rankings, the results were different. For example, in the fuzzy COPRAS results, fuzzy TOPSIS results, and fuzzy VIKOR results, ‘develop market research to detect green needs’ has been identified as the second GMS; however, in the fuzzy ARAS method, ‘using recycled or reusable materials in products’ is in the second place and ‘develop market research to detect green needs’ is in the third place.



Based on the above considerations, the use of several MCDM methods has led to a different ranking of green marketing strategies. Based on this, an appropriate aggregation method is needed to provide the final result of green marketing strategies and to help food companies’ managers rank the strategies accurately. In this regard, the Copeland method is used to integrate the results of the four implemented MCDM methods. This method calculates the number of wins and losses in pairwise comparison; thus, in this study, the Copeland method is preferred to the Borda method. The final results of ranking green marketing strategies are shown in Table 5.





5. Discussion and Implications


According to the results of Fuzzy SWARA, ‘waste minimization’ has the highest weight among others, which indicates that the value and importance of each GMS are primarily measured based on this criterion from the environmental dimension of sustainability. In the food industry, waste reduction is the most important goal of companies in terms of environmental sustainability [71], because food waste and product packaging are the main reasons for the impact of these industries on the environment, and food producers must have a good strategy to address this challenge [27]. Therefore, the results of fuzzy SWARA in this study confirm that the Iranian food industry should implement GMSs to reduce food waste.



According to the results of the ranking methods used in this article, ‘development of waste reduction technology’ is the most important GMS in Iran’s food industry (Table 5). Companies use waste reduction technologies to help meet environmental protection requirements and improve environmental management performance. In addition, the development of these technologies can be considered an optimal solution to resolve the conflict between economic development and environmental protection [22]. A wide range of technologies have been developed in various fields to reduce the negative impact on the environment by reducing food waste and to eliminate the damage caused by this phenomenon (such as innovation in food packaging, the use of nanotechnology, and intelligent transportation) [72]. Improving health conditions is a way to prevent food waste. For instance, electron beams are used to disinfect foods without compromising their basic properties, including taste and nutritional value, and to increase the shelf life of food [73]. Using smarter packaging to deal with the food waste crisis is another technological innovation to reduce food waste. This approach can be carried out in different ways; one of the most important methods is to improve the packaging properties for food preservation. These smart packages can control the rate of deterioration. The application of nanocoatings in food packaging is one of the most important uses of nanotechnology in the field of food waste. In fact, nanoparticles that can act as a barrier to oxygen in plastic packaging reduce the rate of food spoilage. The use of nanosensors can also be used to detect bacteria and reduce the risk of contamination [72]. As a result, the development of waste reduction technologies is an essential strategy for companies’ sustainability.



Moreover, ‘development of market research to detect green needs‘ and ‘using recycled or reusable materials in products’ were ranked as second and third strategies (Table 5). Xie et al. [74] noted that customer awareness of environmental threats and instilling a passion for sustainable behavior in them leads to the formation of green needs that will be very difficult for companies to identify. On the other hand, the more sensitive customers are to environmental issues, the greater the demand for green products [28], so raising awareness should be combined with identifying customers’ green needs. One of the wastes of the food industry, such as fast foods, ready meals, beverages, and snacks, is related to the materials used in their packaging, which are often made of plastic. With the increase in population, the demand for food production and packaging increases. This increase in demand causes an increase in the production of waste, the majority of which is related to solid packaging waste [75]. By performing reuse, which is related to the waste management strategy, packaging waste can be reused, which plays a significant role in helping the health of the environment [76]. In addition, due to the high use of plastic packaging in the food industry, the use of recycled or reusable materials in products and their packaging is strongly required [77].



The last rank is ‘demonstrating the company’s environmental actions through advertisement’, which shows that it is less important compared to other strategies. In addition, this strategy has been awarded the last rank in all techniques. As green advertisements influence green brand trust directly and influence consumers purchasing intentions indirectly [38], sometimes the environmental claims of companies in line with green marketing may be false or misleading and mislead consumers. These claims and advertisements should be controlled and evaluated by governments to empower consumers to make more informed decisions.



5.1. Theoretical Contributions


Theoretically, this paper focuses on the sustainability of the food industry to increase our theoretical understanding of GMSs, which play an essential role in this direction. We assert that important actions such as the development of waste reduction technology, the development of market research to detect green needs [41], and the use of recycled or reusable materials in products [25,51], will lead to the food industry moving towards sustainability. Given that the food industry is sensitive to sustainability requirements, particularly those related to the environment, our research examines the role of ‘development of waste reduction technology’ and ‘development of market research to detect green needs’ in improving the industry’s processes and reducing waste while minimizing environmental damage. In this way, this study separates the importance and impact of a set of GMSs for the development and sustainable improvement of the food industry in developing countries such as Iran.




5.2. Practical Contributions


In practical terms, the findings of this research clarify the important strategies that have been paid less attention to in similar research to improve the performance of the food industry in the direction of sustainability. Correspondingly, investing in the development and implementation of waste reduction technologies can be a long-term solution for food industry managers to improve their environmental management performance and meet environmental protection requirements. As mentioned earlier, the use of electron beams is one of the most important proposed technologies to reduce food waste and improve food health conditions [73]. To promote a sustainable future for the food industry in Iran, we propose that the government incentivize companies to invest in waste-reduction technologies or enforce regulations that mandate reductions in food waste. By doing so, the Iranian government can catalyze a shift towards eco-friendly practices in the industry and set an example for other developing countries to follow.



Based on our current level of knowledge, it is difficult to provide a range of comprehensive and up-to-date strategies for food industry companies in Iran to adopt waste reduction technologies. However, it is possible to discuss some obstacles and potential opportunities that food industry companies in Iran may face in adopting these technologies. One of the main challenges in the food industry is the lack of awareness and knowledge about waste reduction technologies and their benefits [78]. Financial constraints may also be an obstacle for companies, especially if they are small or medium-sized, to invest in equipping themselves with these technologies [74]. Regarding the level of motivation of the food industry, there is evidence that this industry is increasingly interested in adopting sustainable practices, including waste reduction technologies, but they face challenges in implementation [41,79]. Therefore, food industry managers should continuously seek to overcome challenges and obstacles in the implementation of GMSs.





6. Conclusions


In the production stages of the food industry, various wastes are produced, which most often affect the environment. In addition, due to the diversity of food industries, these negative effects will have different quantities and qualities that can cause environmental pollution if not prevented. The food industry can help reduce the community’s environmental impact by implementing GMS and achieving sustainability by promoting green products.



The main purpose of this study is to rank GMSs for the Iranian food industry, which are implemented in line with various dimensions of sustainability. To address this key issue in the food industry, 22 GMSs and 23 sustainability criteria for evaluating these strategies are identified through a literature review, which is very comprehensive and complete so far and has not been studied in detail heretofore. It dropped to 12 strategies to achieve the industry’s most critical strategies using fuzzy Delphi. Sustainability criteria were weighted using the fuzzy SWARA method, and GMSs were ranked using four methods: fuzzy ARAS, fuzzy COPRAS, fuzzy TOPSIS, and fuzzy VIKOR. Finally, the Copeland method was used to integrate the results of the MCDM methods in this study. The results of weighing sustainability criteria to measure GMSs show that ‘minimizing waste’, ‘minimizing environmental impacts’, and ‘consumer participation’ are most important in Table 4.



According to the results of this study, one of the most important measures of Iran’s food industry’s sustainability, especially environmental sustainability, is investing in waste reduction technologies. The underdevelopment of food industry machinery is one of the most significant reasons for high waste in Iran. Food companies are required to acquire and implement waste reduction knowledge and technologies in their food production lines. These technologies should be used in the design and construction of food processing machines to reduce waste. The second strategy of high importance in this research is to identify the green needs of customers, which should be done with the development of market research. Sustainable food consumption behaviors vary widely and are sometimes contradictory, so food companies must have very strong R&D teams to identify needs and promote environmental awareness and green consumption. In general, the findings of this study can be very important in selecting the most effective GMSs for the food industry.



The results of this study confirm that the development of technologies to reduce food industry waste is one of the fundamental measures that strongly affect the food production system and should be considered the most important GMS by managers. Second, in terms of implications for managers, this study provides practical guidelines for evaluating green strategies for food company executives who want to measure their firm’s green actions based on a comprehensive list of sustainability criteria. In this article, the SWARA method is used for weighting the criteria, which has limitations. One of them is that there are mutual relationships between the criteria; however, in this method, these relationships are ignored and assumed to be independent. Therefore, the DEMATEL and WINGS methods can be used for future research. Another problem is the inconsistency of data in the SWARA method, which can be used with other weighting methods such as BWM. It is also possible to use other methods of uncertainty, such as hesitant fuzzy (HF) and intuitionistic fuzzy (IF), to consider the opinions of experts.
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Figure 1. Food waste by region and different stages of the value chain (percent of kcal wasted). 
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Figure 2. The amount of waste produced at different stages of food production in West and Central Asia. 
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Figure 3. The general research framework. 
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Table 1. Green Marketing Strategies.
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	Green Marketing Strategies
	References





	Development of waste reduction technology
	[20,29,41]



	Observance of environmental considerations in product design
	[29,41,42]



	Development of market research to detect green needs
	[41]



	Sponsorship or patronage of environmental groups or events
	[42]



	Increasing public awareness of ecological
	[25,29]



	Using ecological and clean materials in packaging
	[29,30,41,43]



	Green alliances or collaboration contracts with governmental organizations
	[29,44,45]



	Selection of cleaner transportation systems
	[29,43,45]



	Using ecolabels or environmental certification
	[25,41]



	Commercialization of environmentally friendly products and services
	[35]



	Avoiding ‘greenwashing’ and removing barriers to consumer trust
	[43,44]



	Observance of environmental considerations in distribution and reverse logistics systems
	[20,29,30,43]



	Educating all employees on environmental awareness
	[25,43]



	Demonstrating the company’s environmental actions through advertisement
	[29,43,45]



	Integrating all departments to facilitate flexibility in response to environmental needs
	[42,43]



	Reducing information asymmetries and encouraging consumers
	[29,42]



	Considering a suitable mix of media
	[25,42]



	Concentrating on LOHAS consumers (Lifestyle of Health And Sustainability)
	[42]



	Identifying the beliefs and values of consumers and stakeholders and creating a marketing plan based on these values
	[41,42]



	Considering environmental aspects in pricing policy
	[41,43,45]



	Using recycled or reusable materials in products
	[25,41]



	Using label information and terms that consumers understand and can make decisions
	[41]
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Table 2. Sustainability criteria for evaluating GMSs.
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Dimensions

	
Criteria

	
References






	
Environmental (D1)

	
Developing green products (   C 1  )  

	
[27,49,50,51]




	
Reducing greenhouse gas emissions (   C 2  )  

	
[49,51,52]




	
Minimizing environmental impacts (   C 3  )  

	
[25,29,49,50]




	
Minimizing waste (   C 4  )  

	
[25,29,49,50,51]




	
Social (D2)

	
Compliance with market expectations (   C 5  )  

	
[49,52]




	

	
Compliance with company policy (   C 6  )  

	
[52]




	
Compliance with government policies (   C 7  )  

	
[20,25,44]




	
Customer satisfaction (   C 8  )  

	
[43,44,50,51]




	
Consumer participation(   C 9  )  

	
[29,43,44,50,51]




	
Maximizing organizational commitment (   C  10   )  

	
[44,49]




	
Brand reputation (   C  11   )  

	
[20,35,49,51]




	
Consumer loyalty (   C  12   )  

	
[20,49,53]




	
Competitors’ performance (green) (   C  13   )  

	
[54]




	
Sustainable industrial image (   C  14   )  

	
[35,50]




	
Economic (D3)

	
Price parity (   C  15   )  

	
[35,50]




	
Green market size (   C  16   )  

	
[35]




	
Firm’s profitability (   C  17   )  

	
[49]




	
Market share (   C  18   )  

	
[25,42,43,44,49]




	
Economic feasibility (   C  19   )  

	
[42,44]




	
Final production costs (   C  20   )  

	
[29,49]




	
Manufacturing

(D4)

	
Firm’s innovation capacity (   C  21   )  

	
[44,49]




	
Launch of new products (   C  22   )  

	
[29,49,51]




	
Product quality (   C  23   )  

	
[49,51]
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Table 3. Evaluation strategies after fuzzy Delphi method screening.
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	Code
	Strategies
	1st

Round
	2nd Round
	De-Fuzzy





	A1
	Using ecological and clean materials in packaging
	✓
	✓
	0.719



	A2
	Development of market research to detect green needs
	✓
	✓
	0.823



	A3
	Concentrating on LOHAS consumers (Lifestyle of Health And Sustainability)
	✓
	✓
	0.854



	A4
	Using recycled or reusable materials in products
	✓
	✓
	0.802



	A5
	Using ecolabels or environmental certification
	✓
	✓
	0.719



	A6
	Sponsorship or patronage of environmental groups or events
	✓
	✓
	0.740



	A7
	Observance of environmental considerations in product design
	✓
	✓
	0.813



	A8
	Selection of cleaner transportation systems
	✓
	✓
	0.771



	A9
	Development of waste reduction technology
	✓
	✓
	0.896



	A10
	Considering a suitable mix of media
	✓
	✓
	0.813



	A11
	Demonstrating the company’s environmental actions through advertisement
	✓
	✓
	0.833



	A12
	Identifying the beliefs and values of consumers and stakeholders and creating a marketing plan based on these values
	✓
	✓
	0.740



	A13
	Using label information and terms that consumers understand and can make decisions
	✓
	✕
	0.698



	A14
	Observance of environmental considerations in distribution and reverse logistics systems
	✓
	✕
	0.688



	A15
	Increasing public awareness of ecological
	✓
	✕
	0.688



	A16
	Commercialization of environmentally friendly products and services
	✓
	✕
	0.615



	A17
	Green alliances or collaboration contracts with governmental organizations
	✕
	✕
	-



	A18
	Avoiding ‘greenwashing’ and removing barriers to consumer trust
	✕
	✕
	-



	A19
	Educating all employees on environmental awareness
	✕
	✕
	-



	A20
	Reducing information asymmetries and encouraging consumers
	✕
	✕
	-



	A21
	Considering environmental aspects in pricing policy
	✕
	✕
	-



	A22
	Integrating all departments to facilitate flexibility in response to environmental needs
	✕
	✕
	-
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Table 4. Final weight criteria using Fuzzy SWARA method.
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Dimension

	
Criteria

	
De-Fuzzy Value

	
Final Weight




	
Dimension Weight

	
Criteria Weight






	
d1

	

	
0.534

	

	
0.534




	

	
C4

	

	
0.497

	
0.2663




	

	
C3

	

	
0.264

	
0.1421




	

	
C2

	

	
0.16

	
0.0866




	

	
C1

	

	
0.083

	
0.0449




	
d2

	

	
0.268

	

	
0.268




	

	
C9

	

	
0.483

	
0.1314




	

	
C10

	

	
0.241

	
0.0661




	

	
C6

	

	
0.129

	
0.0361




	

	
C7

	

	
0.069

	
0.0196




	

	
C8

	

	
0.037

	
0.0107




	

	
C5

	

	
0.024

	
0.0069




	

	
C14

	

	
0.014

	
0.0042




	

	
C13

	

	
0.008

	
0.0023




	

	
C12

	

	
0.004

	
0.0013




	

	
C11

	

	
0.002

	
0.0007




	
d3

	

	
0.135

	

	
0.135




	

	
C19

	

	
0.487

	
0.0666




	

	
C17

	

	
0.243

	
0.0336




	

	
C16

	

	
0.141

	
0.0199




	

	
C15

	

	
0.073

	
0.0104




	

	
C18

	

	
0.04

	
0.0057




	

	
C20

	

	
0.024

	
0.0035




	
d4

	

	
0.076

	

	
0.076




	

	
C23

	

	
0.556

	
0.0428




	

	
C21

	

	
0.3

	
0.0238




	

	
C22

	

	
0.151

	
0.0124
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Table 5. Scores obtained by Fuzzy MCDM methods to prioritize GMSs.
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	Strategies
	Fuzzy ARAS
	Fuzzy COPRAS
	Fuzzy TOPSIS
	Fuzzy VIKOR
	Copeland (Final Rank)





	Development of waste reduction technology
	1
	1
	1
	1
	1



	Development of market research to detect green needs
	3
	2
	2
	2
	2



	Using recycled or reusable materials in products
	2
	3
	3
	3
	3



	Using ecological and clean materials in packaging
	4
	5
	4
	5
	4



	Observance of environmental considerations in product design
	5
	4
	5
	4
	5



	Selection of cleaner transportation systems
	6
	6
	6
	6
	6



	Concentrating on LOHAS consumers (Lifestyle of Health And Sustainability)
	7
	7
	7
	7
	7



	Sponsorship or patronage of environmental groups or events
	8
	8
	8
	9
	8



	Identifying the beliefs and values of consumers and stakeholders and creating a marketing plan based on these values
	9
	9
	9
	10
	9



	Considering a suitable mix of media
	10
	10
	10
	8
	10



	Using ecolabels or environmental certification
	11
	11
	11
	11
	11



	Demonstrating the company’s environmental actions through advertisement
	12
	12
	12
	12
	12
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