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          Background This research looks at how ecodesign can support Indonesian creative social enterprises to achieve sustainability by incorporating ecodesign approaches. Previous research has stated that implementing ecodesign leads to better product for market, environment, and superior business performance.

          Methods This is a qualitative exploratory study using a multiple case study approach. The data collection methods include in-depth interviews, a literature review, and data documentation. The findings of this exploratory study serve as the foundation for cross-case analysis. The study is based on ecodesign literature and three case studies of creative social enterprises (CSEs). The study is divided into two stages, the first of which is a literature review to develop the research instrument, followed by expert validation. The second stage consists of gathering primary data on three creative social enterprises, followed by cross-case analysis, and finally validation by sustainable design lecturers as experts. The research subjects are five creative social enterprise entrepreneurs, two managers, and four experts.

          Results We formulated eight ecodesign strategies. Two strategies are good for the planning phase: Design for durability and Design for dematerialization. Six strategies are fit for the development phase: Design for attachment and trust, Design for standardization and compatibility, Design for maintenance and repair, Design for adaptability and upgradability, Design for ease of disassembly and reassembly, and Design for recycling. All three CSEs have not applied the design for maintenance and repair strategy. The study also manages to formulate 27 research and development (R&D) activities that need to be conducted to perform the strategy. According to the findings of the study, CSEs that develop their own sustainable materials, engage in more ecodesign R&D activities than CSEs that use readymade natural materials.

          Conclusions The empirical results show that the ecodesign strategy is very company specific, and regardless of differences, all creative social enterprises demonstrate the ability to develop ecodesigns that improve environmental performance.
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      1. Introduction
      The growing concern about environmental damage has increased the need for businesses to pay closer attention to the negative impact of their operations, especially in product development (Guo, 2021). According to Wimmer et al. (2010) environmental issues should not be viewed solely as a problem, but rather as a business opportunity that can provide companies with a competitive advantage.

      One effective approach to limit the negative environmental impact in product development is through eco-design. Eco-design has become so crucial because 80% of the ecological impacts of a product are locked in at the design phase (Acaroglu, 2020). It can reduce the negative environmental impact by prioritizing environmental variables alongside efficiency, aesthetic qualities, cost, ergonomics, and functionality (Platcheck, Schaeffer, Kindlein, & Cândido, 2008).

      Furthermore, eco-design is operated by designers. They play an important role in eco-design because they are placed at the beginning of the product development process, when the design brief is most fluid and the most crucial decisions regarding cost, appearance, material selection, innovation, performance, environmental impact, and quality perceptions (longevity, strength, reparability) are made (Lofthouse, 2004). By implementing eco-design at the very beginning of a product's development, it can provide greater potential to increase environmental performance (Behrisch et al., 2011). Impact on the environment should be evaluated throughout the entire product lifecycle, from raw materials extraction to product disposal. Eco-design is considered as effective because it combines creative thinking, innovation and environmental stewardship (Plouffe et al., 2011).

      The primary goal of eco design is to anticipate and minimize the negative effects of manufacturing, using, and disposing of products on the environment, while also maintaining a product's quality level in accordance with its intended use (Luttropp & Lagerstedt, 2006). This paper adopts the definition of eco-design by ISO 14006 (2020 p. 20), “the integration of environmental aspects in product design and development with the aim of reducing adverse environmental impacts throughout a product’s lifecycle”.

      Knowing that eco-design can bring businesses toward sustainable development, in recent years, more businesses prioritize the implementation of eco-design to achieve product sustainability (Bugali & Gulari, 2016), and one of them is Creative social enterprise. It is defined as “a type of social enterprise that generates market demand for creative goods and services, through intellectual property, ideas, and imagination while also contributing to a global dynamic shift toward cultural sustainability, social justice, and economic development” (Trapp, 2015 p. 22). There are 75,240 Creative Social Enterprises (CSEs) in Indonesia and dominated by young entrepreneurs (British Council, 2020). There are many young people in Indonesia who want to work in an area where they can create a difference rather just earning a salary.

      Most creative social enterprises in Indonesia are SMEs in early-stage phase (British Council, 2018). According to World Wildlife Fund (WWF) of Indonesia and Nielsen survey results from 2017, up to 63% of Indonesian consumers were willing to pay a higher price for eco-friendly products. This reveals a significant growth in consumer awareness of the consumption of sustainable products, and this shows that the Indonesian market is ready to absorb sustainably produced products. This opens business opportunities for creative social enterprises, their numbers are continuing to grow in coming years.

      The sustainable market is expanding, and sustainable consumers want products that are not only socially and environmentally responsible, but are also innovative (Bosma et al., 2015). The desire for innovative products are also supported by Suhaily et al. (2020) who stated that green product innovation and green perceived quality have a significant and positive effect on green product purchase intention among Indonesian people. Knowing that innovation is important for consumers, 99% of Indonesian CSEs emphasized the importance of innovation and creativity in their business operations. However, Research & Development (R&D) is not a business priority for them. Only one-third of Indonesia's CSEs conduct R&D (British Council, 2020).

      On the other hand, Eco-design is an approach that require intense R&D, because it requires designers to think about the whole product life cycle, it is not just about the present but also the future (Kant & Kanda, 2019). Eco design can enhance R&D activities in a company, because to create new product with minimal environmental impact it requires intense R&D activities (Chebaeva et al., 2021; Gumulya & Andriato, 2020).

      Despite of the majority of Indonesia CSEs have R&D problem, there are some CSEs in Indonesia who are innovative because of their R&D activities. They have received several national and international innovation awards for their sustainable products, and they have demonstrated strong eco-design activities (DBS Foundaition, 2018). This paper discusses the eco-design activities conducted by the innovative CSEs. We argue that eco-design can increase the low R&D activity of creative social enterprises, and through eco-design approach, CSEs can provide sustainable consumer with innovative, socially, and environmentally responsible products.

      
        1. 1. Problem Definition
        Although eco-design has been established as a strategy that can assist businesses to achieve sustainable development, current literature reviews have presented only a limited account of what R&D actions that can be taken to achieve eco-design. Most eco-design researches focus on eco-design conceptualization, benefits, methodology, and tools (Aoe, 2007; Boks, 2006; Chebaeva et al., 2021; Cluzel et al., 2014; Karlsson & Luttropp, 2006; Kengpol & Boonkanit, 2011; Le Pochat et al., 2007; Lofthouse, 2004; Maccioni & Borgianni, 2019; Platcheck, Schaeffer, Kindlein, & Cãndido, 2008).

        As a result, we pose two research questions, as follow:

        
          	1. What eco-design strategies do innovative creative social enterprises employ at each stage of product development?


          	2. What kind of design activities that can be taken to achieve the creation of eco-friendly products?


        

        The purpose of the study is to present eco-design strategies that are appropriate for creative social enterprises, as well as a set of design activities that can be taken to develop products with minimal environmental impact by implementing various eco-design strategies at each product development phase.

      

      
        1. 2. Literature Review
        
          1. 2. 1. Eco-design strategy
          Eco-design strategy are set of approaches on how to design for value by prioritizing environmental variables together with efficiency, aesthetic qualities, cost, ergonomics, and functionality (Platcheck, Schaeffer, Kindlein, & Cândido, 2008).

          Previous researchers have identified eight eco-design strategies that can be selected depending on the business model of the company (Behrisch et al., 2011; Han. Brezet et al., 1997; Gumulya & Andriato, 2020; Quella, 2013; Wu et al., 2021):

          
            	1. Design for attachment and trust: a design that encourages consumers to develop a strong emotional connection with the product and that connection helps consumers extend the product's life. As they are less likely to discard products with a strong emotional connection.


            	2. Design for durability: a design that is robust, built-in good quality to reduce the likelihood of failure. The designer's job is to match the product's economic and stylistic lifetime. For example, it makes no sense for a temporary disposable product to be extremely durable.


            	3. Design for standardisation and compatibility: a design with product components that are interchangeable with readily available components, so it simplifies repair and extends the life of the product. This fosters a culture of reuse and helps to reduce overall consumption, as a single product can be repaired and repurposed. For instance, charging the phone and the tablet with the same charging device rather than two separate chargers.


            	4. Design for maintenance and repair: a design that can be extended its life cycle by adding product maintenance. Repairs can be laborious, especially in highly developed countries with higher labor taxes. Sometimes, repairs can be more expensive than just buying a new one.


            	5. Design for adaptability and upgradability: a design that enables future modification. As product features evolve over time, they must be updated. For instance, a highchair for children that converts to a dining room chair as the child grows. While computer software updates can assist products in adapting to technological change, there are times when the rate of technological development exceed the rate of the upgrade.


            	6. Design for ease of disassembly and reassembly: a design that incorporates features that facilitate maintenance and repair. Products are designed in modular fashion to allow for easy disassembly and reassembly. Not only do these actions increase the repairability and reusability of products, but they also increase their recyclability.


            	7. Design for recycling. A design focuses on the application of specific design techniques to maximize material recovery during the recycling process. The technique entails avoiding the use of mixed materials in order to facilitate recycling.


            	8. Design for dematerialization: a design with less packaging and minimal material types. Occasionally, a product may be replaced by a service that consumes fewer resources. One example is to transition to streaming services rather than purchasing CD, DVD, or Blu-ray disks.


          

        

        
          1. 2. 2. Benefits of Eco-design
          There are many benefits for company to adopt eco-design strategies. Previous research's arguments for the benefits of eco-design are presented in table 1.

          
            Table 1 
				
            

            
              Eco-design Benefits
            
            

          

          
            
              
                	
                	Internal Drivers
                	External Drivers
              

            
            
              	
                Environmental
              
              	Decrease resource consumption
              	Conform with government environmental regulation
            

            
              	Decrease environmental impact
              	Support to global sustainability
            

            
              	Constant improvement
              	
            

            
              	
                Economic
              
              	Variable Cost savings
              	Market diversity
            

            
              	Variable Cost cutbacks
              	Establish a new market for consumers who are willing to pay a premium for environmentally friendly products.
            

            
              	Latest market opportunities
              	Enhance supply chain management system
            

            
              	Recent product development
              	
            

            
              	Enhance product quality
              	
            

            
              	
                Social
              
              	Enhance company’s image
              	Environmental consciousness
            

            
              	Enhance innovation and entrepreneurship
              	Extended producer responsibility
            

            
              	Boost employee enthusiasm
              	
            

          

          
            
              Source: Adapted from (Boks, 2006; Borchardt et al., 2011; Hans Brezet, 1997; UNEP, 2001)
            

          

          

        

        
          1. 2. 3. Eco-Design R&D Activities
          On table 1, we formulated eco-design R&D activities from the existing relevant literature, to gain deep understanding on how each strategy can be implemented.

          
            Table 2 
				
            

            
              Eco-design Actvities
            
            

          

          
            
              
                	Eco-design strategies
                	Activities
                	Source
              

            
            
              	
                Design for attachment and trust
              
              	Design is personalized to each person's wants and needs
              	(Moreno Beguerisse et al., 2017)
            

            
              	Design creates attachment
              	(Wu et al., 2021)
            

            
              	Design can be adapted to the user’s personality
              	(Schifferstein & Zwartkruis-Pelgrim, 2008)
            

            
              	Design evokes enjoyment and memory
            

            
              	
                Design for durability
              
              	A timeless design that will last a lifetime
              	(Behrisch et al., 2011)
            

            
              	Design with low maintenance requirements
            

            
              	Design with careful choice of material
              	(Rattalino, 2015)
            

            
              	
                Design for standardisationand compatibility
              
              	Design with modular product structure
              	(Behrisch et al., 2011)
            

            
              	Design that simplifies the structural shape of products
              	(Borchardt et al., 2011)
            

            
              	Design that reduces the weight and consumption of raw materials
            

            
              	
                Design for maintenanceand repair
              
              	Design with component that can be maintained
              	
            

            
              	Design with additional service for maintenance
              	(Armstrong et al., 2015)
            

            
              	Provide repair service
            

            
              	
                Design for adaptabilityand upgradability
              
              	Design that can be adjust for different situation
              	(Behrisch et al., 2011)
            

            
              	Upgrade by adding components or modifying the product's structure.
              	(Inoue et al., 2016)
            

            
              	Upgrade by replacing components
            

            
              	
                Design for ease ofdisassembly andreassembly
              
              	Design with component that can be disassembled easily
              	(Behrisch et al., 2011)
            

            
              	Design that minimizes the number of steps in manufacturing processes
              	(Borchardt et al., 2011)
            

            
              	Design that minimizes the amount of physical space required by the operations
            

            
              	
                Design for recycling
              
              	Design with recycled materials
              	(Behrisch et al., 2011)
            

            
              	The material can be recycled
            

            
              	Incentive for recycling
              	(Rattalino, 2015)
            

            
              	
                Design fordematerialization
              
              	Design with lower energy content materials
              	(Behrisch et al., 2011)
            

            
              	Design with homogenous material
            

            
              	Reduction of materials usage
            

            
              	Design with less material combination
            

            
              	Product design for shared use
            

          

          

        

      

    

    

  
    
      2. Method
      Considering that Eco-design practices in Creative Social Enterprises is under explored domain in developing countries. We implemented qualitative exploratory research with multiple case study approach.

      The exploratory case study is the best method for investigating distinct phenomena that are characterized by a lack of comprehensive preliminary research (Mills et al., 2012). The case in this study is creative social enterprises that use eco-design strategies to create their sustainable product designs.

      In choosing cases, we applied theoretical sampling in which cases may be chosen because their ability to answer the research questions by providing examples (Eisenhardt, 1989).

      Based on the literature review of eco-design strategies (Behrisch et al., 2011; Han. Brezet et al., 1997; Gumulya & Andriato, 2020; Quella, 2013; Wu et al., 2021). We develop our case selection criteria. Table 3 goes into detail about each case.

      
        Table 3 
				
        

        
          The profiles of the Creative Social Enterprises
        
        

      

      
        
          
            	Cases
            	Main
Products
            	Position
Interviewees
            	Work
Experience
            	Signs of Eco-design
          

        
        
          	
            Company 1
          
          	Biodegradable products
          	Chief Innovation Officer
          	9 years
          	•	Create biomaterials out of farm waste with mycelium fermentation technique.
•	Got Shell Live Wire World Innovation Awards 2016, Australia Awards Alumni Grant Scheme, DBS Foundation Social Enterprise Grant Award 2017 and 2018
•	Bcorp certified in 2020 https://www.bcorporation.net/en-us/find-a-b-corp/company/mycotech
        

        
          	Chief Finance Officer
          	9 years
        

        
          	
            Company 2
          
          	Wicker craft
          	Chief Marketing Officer
          	7 years
          	•	Empower rural women in Indonesia to create high quality and marketable wicker craft made of Indonesian natural fibre for local and international market 
•	DBS Foundation Social Enterprise Grant Award 2018
•	Indonesian Good Design Award 2020
•	Published yearly social impact https://duanyam.com/en/social-impact-report-2/
        

        
          	R&D Manager
          	5 years
        

        
          	Community Development Manager
          	5 years
        

        
          	
            Company 3
          
          	Biodegradable food packaging
          	Chief Executive Officer
          	5 years
          	•	Develop sustainable food ware to replace single-use plastic food ware to recycle areca palm sheath waste and improve the livelihoods of rural Indonesian farmers who live near the waste.
•	Receive Good Design Indonesia 2021 Award for Best Design
•	Published yearly social impact https://www.plepah.com/artikel-1
        

        
          	Chief Operating Officer
          	5 years
        

      

      

      
        	1. CSEs have received numerous local and international sustainable innovation recognition awards.


        	2. CSEs are under the creative industry category.


        	3. CSEs use sustainable materials for their products.


        	4. CSEs minimize negative environmental impact shown by their impact report.


      

      The study conducted in-depth interviews with 5 entrepreneurs, 2 CSE managers, and 4 experts. In total there are 11 respondents. The respondents are selected based on the following criteria:

      
        	1. The interviewee should be a senior manager, such as the CEO, the R&D manager, or the general manager that oversees the product development process.


        	2. The interviewee should have at least 5 years of working experience, indicating that they have extensive knowledge and experience in eco-design.


      

      The 11 respondents are adequate to represent this study because the data has reached a point of saturation, at which point the researcher can conclude that there is no need for additional interviews (Saunders & Lewis, 2015). According to Saunders & Lewis (2015), the sample size for in-depth interviews is 5–25 respondents. Furthermore, for all types of qualitative research, at least 5 interviews were required to meet the sample size requirement (Brinkmann, 2013).

      The research project began in May and concluded in July 2021. The questions were developed using data from the literature review, the research objective, and the research questions. The data is validated using data triangulation, which involves obtaining information from a variety of sources, including employees, entrepreneurs, and experts.

      We contacted the interviewees via social media direct message and scheduled an interview session. Figure 1 depicts the detailed procedure of the study.

      
        
        

        Figure 1 
				
        

        
          Research Process
        
        

        

      

      The interview guide cantered on key themes eco-design strategy and their activities and divided into three sections:

      
        General Questions:
      

      
        	• Name of respondent:


        	• Positions:


        	• How many years have you worked in the creative social enterprises?


        	• What is your involvement in the design process?


        	• Tell me the background of your company, when and how is it founded?


      

      
        Formation phase:
      

      
        	• Can you describe to me your production process from input to output?


        	• What is the design strategy for your company?


      

      
        Operational phase
      

      We explain eco-design definition, eco-design strategy and the activities to the interviewees.

      The definition of eco-design discussed here is by ISO 14006 (2020 p. 20), “the integration of environmental aspects in product design and development with the aim of reducing adverse environmental impacts throughout a product’s lifecycle”.

      
        	• Tell me how is your eco-design process?


        	• We explain our research instrument and ask questions on each eco-design activities.


      

      We finish the first interview, then we analyse the data that has already been gathered. A few days later, the second interview take place. The table has been filled with data from the first interview by the researchers (see table 3). Then we ask interviewees for their opinions and elaborate further by asking supporting data to back up their claims.

      Throughout the interview sessions, the interviewees are very open about the research because they recognize the importance of eco-design for Indonesia's future sustainable development (see figure 2). All interviews were carried out using a video-conferencing platform lasted between 1.5 – 2 hours. To facilitate transcription, all videos were uploaded to YouTube.

      
        
        

        Figure 2 
				
        

        
          Interview Process
        
        

        

      

      The data is examined with cross-case analysis, a technique that examines themes, similarities, and differences between cases (Miles et al., 2014). The goal of cross-case analysis is to improve validity, generalizability, and theoretical elaboration (Mills et al., 2012).

      
        2. 1. Reliability and Validity
        The reliability and validity of this research is through expert validation and cross case analysis. It is necessary to do interviews with the experts in this field to ensure that research result is valid (Wahyuni, 2016). The first two experts in the studies are people with extensive working experience advocating sustainable development in creative social enterprises and the other two experts are sustainable design lecturers from two prominent private universities in Indonesia.

        The interview with experts were divided into two stages. The first interviews were with two experts, the aim was to validate the eight formulated eight eco-design strategies along with their activities. The second interview with experts was to confirm cross case analysis of the case study. The four experts’ short profile is presented in table 3 and depicted in Figure 3.

        
          Table 3 
				
          

          
            The profiles of Creative Social Enterprises’ Experts
          
          

        

        
          
            
              	No
              	Expert
Interviewed
              	Data
Source
              	Institution
              	Qualification
            

          
          
            	
              1
            
            	Expert 1
            	In-depth
Interview
            	Small & Medium Enterprise and Cooperatives of Indonesia (SMESCO)
            	Advisor for the SMESCO SPARC series of training programs for Indonesian small and medium-sized businesses to move toward sustainable production
          

          
            	
              2
            
            	Expert 2
            	In-depth
Interview
          

          
            	
              3
            
            	Expert 3
            	In-depth
Interview
            	Telkom University
            	Lecturers on sustainable design from product design program
          

          
            	
              4
            
            	Expert 4
            	In-depth
Interview
            	Pelita Harapan University
          

        

        

        
          
          

          Figure 3. 
				
          

          
            Experts Validation 1
          
          

          

        

      

    

    

  
    
      3. Result
      
        Stage 1
      

      
        Expert Validation 1
      

      As mentioned in research method, the research process is divided into two stages. First, we validate our eco-design strategies and their activities which we considered as our research instrument (see table 1) with two experts from Small & Medium Enterprise and Cooperatives of Indonesia (SMESCO) (see figure 3). The experts confirm our research instrument can be used to observe eco-design strategies in different CSEs and provide some recommendations on case selection:

      
        	1. Company’s size influence eco-design strategies. Smaller companies tend to have more flexibility rather than big companies. The expert advises us to choose CSEs that are similar in size.


        	2. Some businesses in Indonesia create false impressions or provide misleading information about how their products are better for the environment, a practice known as greenwashing. Experts advise us to select only CSEs that have publicly disclosed their sustainable impact. We have mentioned several candidates of cases and together with the experts we formulate the case selection criteria described in table 2. Collectively, we select the three cases.


        	3. Aside from case selection recommendations, experts also elaborate further and assert that clear and focused strategies, as well as the right system and culture, are required to build eco-design. Experts emphasize that building the right system and culture for all employees—from top executives to assembly line workers—to personally participate in daily corporate sustainability efforts is critical to developing a vibrant and sustainable company.


        	4. Experts believe that what distinguishes CSEs from other traditional companies are their ability to balance profit and impact, as well as the fact that they are not only selling products but also advocating a vision for a sustainable lifestyle.


      

      
        Stage 2
      

      After gaining validation and insights from the experts. The research goes on collecting primary data through interview and secondary data from the company.

      
        Company 1
      

      A creative social enterprise established in 2015 creating environmentally friendly composite materials using agricultural waste and mycelium mushroom fermentation techniques. It was founded by five high school friends who decided to create business together. It now has a total of +30 employees. Company’s 1 vision is to provide high-performance and environmentally friendly materials to the global market via biotechnology and community empowerment. Company 1 is based in Pakuhaji Village, Bandung, Indonesia. Agricultural waste is obtained from agriculture near their factory. It has two product category biomaterials board (named as “biobo”) and vegetable leather (named as “mylea”). Figure 4 is company 1 zero waste production flowchart. The company has hold three patents for producing the biomaterials.

      
        
        

        Figure 4 
				
        

        
          Company 1 Zero Waste Production Flowchart
        
        

        

      

      Looking into the details of company 1 zero waste production flow are described on figure 5. To implement the best eco-design strategy, a thorough understanding of the entire manufacturing process is required.

      
        
        

        Figure 5 
				
        

        
          Company 1 Sustainable Production Process
        
        

        

      

      An in-depth interview is conducted to learn more about how the CSE implements eco-design strategies.

      1. Q: What is your company's design strategy?

      
        “Our design strategy is to create a good sustainable product is through gaining a deep understanding of the material through hands-on explorations and prototyping with the materials.”
      

      2. Q: Can you describe to me, how is your eco-design process?

      
        “We usually begin with the material, and once we understand its strengths and limitations, we consider which product is best suited to the material. For the time being, we are concentrating on the creative industry, a market with low production but high added value. After determining the target market, we co-create with local and international designers to exchange ideas and product knowledge. Together, we create prototypes, which allows us to accelerate our innovation process. Now we have a variety of product categories made from our material, such as jackets, bags, shoes, slippers, book covers, wallets, watches, and eyeglasses."
      

      
        Company 2
      

      A creative social enterprise manufactures and distributes wicker crafts with the goal of empowering women, promoting culture, and enhancing rural Indonesian livelihoods. It was founded by three high school friends who decided to create a business together. Company 2 social mission is to improve maternal health and the economy in rural Indonesia. To achieve the mission, it sells the weaving craft to businesses clients. The weaving crafts are made from lontar leaves, which are abundant in East Nusa Tenggara. In 2014, It began its first project with eight mothers in Duntana Village, East Flores County. East Nusa Tenggara is one of Indonesia's poorest provinces, with one of the world's highest maternal and new-born mortality rates. The founders of company 2 saw an opportunity to address maternal and new-born health issues while also providing alternative employment through existing woven traditions. Company 2 now has a total of +30 employees that are in Jakarta and East Nusa Tenggara and have empowered + 1400 weavers in rural area of Indonesia.

      Looking at the details of Company 2's production flow, which is described on figure 6, we can see that the company has two product categories. The first is the style product category for corporate gifts that combines weaving with other materials, and the second product category is home accessories that are mostly made of natural materials. As mentioned before company 2 serves businesses clients, the style product category is for corporate clients and the home accessories is for hotels clients. The initial stages are the same, but when it comes to the final stage, the process divides into two streams. The weaving in the style category is combined with other materials, whereas the weaving in the home accessories category can be combined with other natural materials or made entirely of lontar leaves. From a sustainability standpoint, stitching the weaving with other materials complicates the disassembly process, which is bad for the environment.

      
        
        

        Figure 6 
				
        

        
          Company 2 Sustainable Production Process
          Source: Processed Data (2021)

        
        

        

      

      An in-depth interview is conducted to learn more about how the CSE implements eco-design strategies.

      1. Q: What is your company's design strategy?

      
        “Our design strategy is to provide marketable wicker products to people in Indonesia and other parts of the world by utilizing the most authentic craftsmanship from artistically gifted women”.
      

      2. Q: Can you describe to me, how is your eco-design process?

      
        "We usually start by looking at what is on trend through social media. We want our product to be saleable and suitable for market needs. Because, through bulk order, our weavers can get a consistent income. After analyzing the trend, our R&D team creates a few designs, and our sales and marketing teams select the best three. We create several samples and conduct market testing to gather feedback, and we refine the sample based on the feedback. After that, we deliver the sample to our weaver in NTT. “
      

      
        Company 3
      

      A creative social enterprise develops food packaging containers from areca palm leaves to replace single-use plastic packaging. It was founded in 2018 by four young people. Containers made of areca palm leaves can decompose naturally in the soil within 60 days. This product can withstand temperatures of up to 200 degrees Celsius, is microwave safe, and is waterproof. It has a total of 27 employees. The company is currently in collaboration with 90 farmers from local cooperatives in Mendis Village, Banyuasin, South Sumatra, Indonesia. This location was chosen because of the abundance of areca palm leaf material are in Jambi and Sumatra. The farmer provides raw materials and overseas production. Through a series of trainings Company 3 empowers farmers who previously could not make environmentally friendly food packaging to eventually be able to do so.

      The manufacturing concept is a micro-sharing factory in which company 2 establishes a production site in collaboration with local village cooperatives. Cooperatives provide production area for production and Company 2 provides machinery that has been adapted to the present rural infrastructure.

      On figure 7 Company 3's production flow is described. We can see that company 3 has thought about the entire product lifecycle, from collection to cleaning, forming, and disposal back to the earth. The company repurposes areca sheaths, which are usually discarded, burned, and converts them into an alternative material for disposable packaging.

      
        
        

        Figure 7 
				
        

        
          Company 3 Sustainable Production Process
          Source: Processed Data (2021)

        
        

        

      

      An in-depth interview is conducted to gain a better understanding of how the CSE implements eco-design strategies.

      1. Q: What is your company's design strategy?

      
        “Our design strategy is to create sustainable food packaging out of local waste by empowering local people who live nearby with our technology and know-how. Mendis village is just our first community, we are planning to expand our business model to other communities with their local waste, with our micro-manufacturing platform, every community can make a business out of their agricultural waste”.
      

      2. Q: Can you describe to me, how is your eco-design process?

      
        “From our research we conclude that we wanted to make food ware. Food ware made from areca palm sheath is not a new concept. This type of product is already manufactured in India. So, at first, we went to India to learn their process. We discovered that they only made plates, not food packaging, and that their machinery was very massive and required a high voltage to operate. We knew right away that we had to build our own machine. Back in Indonesia, we began by modifying the existing machine to be smaller and lower in voltage because we knew that in rural areas of Indonesia, there is still no electricity, and if there is, the supply isn't always stable, and power can go out for days. Following that, we began experimenting with mouldings. Once the machine and the moulding were finished, we went to the location where there is an abundance of areca leave sheath and collaborated with the local community through local cooperatives. We found several farmers who share our vision of reducing plastic waste and are willing to share their communal space for a production site. We bring machines and know-how from material collection, cleaning, forming, and distribution to the community. We also teach them how to properly dispose the sheath waste by composting them. So, for us our design approach is holistic we need consider all aspect of product life cycle from material extraction to disposal. We design based on the material characteristic and production technology available.”
      

      The research goes on by analyzing the eco-design activities from each strategy to gain a deeper understanding of the eco-design strategies implemented by three companies. We analyze the data from the first interview and fill the cross-case analysis table 4. Then, in the second interview, we ask interviewees for their opinions and further elaborate by asking for supporting data to back up their claims.

      
        Table 4 
				
        

        
          Cross case analysis
        
        

      

      
        
          
            	Eco-design
strategies
            	Activities
            	Company
1
            	Company
2
            	Company
3
            	Supporting Evidence from interview and
secondary data
          

        
        
          	
            Design forattachment andtrust
          
          	Design is personalized to each person's wants and needs
          	
          	V
          	
          	“We accept custom design, through custom design we can show customers the various application of weaving materials” (Company 2)
        

        
          	Design creates attachment
          	
          	V
          	
          	“Each item told a story and helped contribute to the community” (Company2)
        

        
          	Design can be adapted to the user’s personality
          	
          	V
          	
          	“Customers can choose their preferred color and weave type, as well as embed their logo on our product"

(Company2)
        

        
          	
            Design fordurability
          
          	Design evokes enjoyment and memory
          	
          	V
          	
          	“Sobe basket has various uses and has a unique three-dimensional engraving. Sobe woven baskets have long been a part of flores people's lives.” (Company2)
        

        
          	A timeless design that will last a lifetime
          	V
          	V
          	
          	“Our sustainable material is our distinguishing feature, so we apply it to products with timeless design, such as classic sneakers, timeless design suits with our sustainable mission”.



(Company 1)
“In every design we try to preserve, the form and the shapes of the weaving artifacts of NTT, we improve the quality and modify the size to give new function” (Company 2)
        

        
          	Design with low maintenance requirements
          	V
          	
          	
          	“Mylea can be grown in 14 days of production cycle with easy mainteance compared to animal leather” (Company 1)
        

        
          	Design with careful choice of material
          	V
          	
          	V
          	“We need supporting material in some designs, so we look for natural materials. For mylea, we use plant base liner material” (Company 1)
“We chose palmyra leaf as a sustainable packaging material because it has an antibacterial effect on foods and keeps them fresh." (Company 3)
        

        
          	
            Design forstandardisationandcompatibility
          
          	Design with modular product structure
          	V
          	
          	V
          	“Biobo (Binderless Bio-Board) is a 30x30 cm modular structure made from local agricultural waste that is glued together without the use of any chemical adhesives”. (Company 1)
“Our sustainable packaging is modular and stackable, so it saves space in logistics” (Company 3)
        

        
          	Design that simplifies the structural shape of products
          	V
          	
          	V
          	“We use rectangle as the basic shapes for our design to accomodate different products applications"For example, the 30 x 30 biobo board can be made into wall panel and also a charging pad.” (Company 1)
Biobo Wall Panel



Biobo Charging Pad


        

        
          	Design that reduces the weight and consumption of raw materials
          	V
          	
          	V
          	“Mycellium Composite is superior because its manufacturing process uses little energy, it is a good insulator, it is light, it is allergen-free, and it has many other advantages.” (Company 1)
        

        
          	
            Design formaintenanceand repair
          
          	Design with component that can be maintained
          	
          	
          	
          	
        

        
          	Design with additional service for maintenance
          	
          	
          	
          	
        

        
          	Provide repair service
          	
          	
          	
          	
        

        
          	
            Design foradaptabilityandupgradability
          
          	Design that can be adjust for different situation
          	V
          	
          	V
          	“Our sustainable material is essentially an organic fiber composite that can be formed into custom shapes, so it has a wide range of design applications; for example, in 2017, we created a lion statue for the mini copper Singapore exhibition”.

(Company 1)
        

        
          	“We have developed the areca palm sheath into different kind of sustainable packaging from food to non food”.

(Company 3)
        

        
          	Upgrade by adding components or modifying the product's structure.
          	
          	
          	
          	
        

        
          	Upgrade by replacing components
          	
          	
          	
          	
        

        
          	
            Design forease ofdisassemblyandreassembly
          
          	Design with component that can be disassembly easily
          	
          	
          	
          	
        

        
          	Design that minimizes the number of steps in manufacturing processes
          	V
          	
          	V
          	With our modular design, we reduce the number of steps in the manufacturing process; basically, the material production for the wall panel and charging pad is the same, just different on assembly" (Company 1)
"As previously stated, areca palm shealth has antibacterial qualities, which reduces the effort required for the sterilization process, and it is also a single step forming process, so our production line is very efficient." (Company 3)
        

        
          	Design that minimizes the amount of physical space required by the operations
          	
          	
          	
          	
        

        
          	
            Design forrecycling
          
          	Design with recycled materials
          	
          	
          	
          	
        

        
          	The material can be recycled
          	V
          	
          	V
          	"Our materials are 100% recyclable, and all of our production waste is composted." (Company 1)
“The packaging can be decomposed within 60 days” (Company 2)
        

        
          	Incentive for recycling
          	
          	
          	
          	
        

        
          	
            Design fordematerialization
          
          	Design with lower energy content materials
          	V
          	
          	V
          	"Our material has a low energy content; for example, we use very little water to create mylea, so it uses 99 percent less water than animal leather." (Company 1)

"Our production process is so lean because the steps are few, and we built the workshop near areas where there are high concentrations of raw materials, so it consumes less energy throughout the product life cycle." (Company 3)
        

        
          	Design with homogenous material
          	
          	
          	
          	"Our material is our uniqueness, so we try not to use any other material in our products." (Company 1)
“Our packaging is entirely made of areca palm sheath. From a sustainability standpoint, less is green; less material combination means a shorter production process, which is better for the environment.” (Company 3)
        

        
          	Design with less material combination
        

        
          	Product design for shared use
          	
          	
          	
          	
        

        
          	
            Total activities
          
          	
          	12
          	5
          	10
          	
        

      

      

      
        Experts Validation 2
      

      To ensure the reliability and the validity of our cross-case analysis we interview 2 experts who have experience teaching sustainable design at product design program for two prominent private universities in Indonesia.

      
        
        

        Figure 8 
				
        

        
          Cross Case Validation Process with Experts
        
        

        

      

      The interviews produce several insights:

      
        	1. Experts asserts the first fundamental principle of sustainable product design is that an object's function should determine its design and materials. Experts agree that eco-design should start from material considerations.


        	2. Experts validate the eco-design activities conducted by the three CSEs. The results have certain degree of validity and provide certain structure to eco-design activiites.


        	3. Experts encourage us to research further how eco-design strategies are perceived from customer’s point of view.


        	4. Experts advise us to see how the eco-design strategy fits unto different product development stages, because each strategy can only be implemented in certain stages.


      

      
        Cases Comparison
      

      From the table 4 we can conclude that each companies have different eco design strategies. Company 1 and 3 have more eco design strategies than company 2, because both are creating their own material, while company 2 developing resources and skill that community already have. Looking into detail company 1 applies the design for durability, design for standardisation and compatibility, and design for dematerialization. The standardization design can be seen in that the material is moulded into 30 x 30 cm modules, which are used for wall panels and charging pad, the leftovers are used to make tabletops (figure 9). Company 1 and 3 uses design for dematerialization strategies because most of their products are made from 1 single material.

      
        
        

        Figure 9 
				
        

        
          Company 1 Design with modular product structure
        
        

        

      

      Company 2 applies the design for attachment eco design strategies by making personalized item that can be personalized to customer’s need and personality (see figure 10). The strategy is mostly applied in style category for corporate gift items. Customers can inquire about personalizing the products. By personalizing it creates more meaning and sense of attachment with the products.

      
        
        

        Figure 10 
				
        

        
          Company 2 Design is personalized to each customer's wants and needs
        
        

        

      

      From figure 11, Company 3 employs eco design strategies such as design for standardisation and compatibility, as well as design for dematerialization, by making modular plates and food ware that are standardised, stackable for space savings, and made from a single material product.

      
        
        

        Figure 11 
				
        

        
          Company 3 Design with modular product structure and homogenous material
        
        

        

      

      In terms of eco design activities, both company 1 and 3 apply the modular principle and simplifies the structural shapes of products to reduce production waste. By making standardisation the raw materials usage can be reduced. They also design with homogeneous material and less material combination. Meanwhile, company 2 use personalisation to create attachment give sense of enjoyment and memory.

      Furthermore, based on experts recommendation, the study suggests that some eco design strategies can be implemented during the product planning phase, while others may be effective during the development phase (see table 5). Designing for durability with activities such as defining a long-lasting design style and careful material selection is appropriate for the planning phase. Design for dematerialization is another strategy that can be used during the planning phase. This entails planning a design with a lower energy content, designing with homogeneous materials, and designing with fewer material combinations. This finding support Behrisch et al. (2011) who stated in the product planning phase, low impact material selection is essential.

      
        Table 5 
				
        

        
          Eco design strategies on each product development phase
        
        

      

      
        
          
            	Eco-design strategies
            	Activities
            	Company 1
            	Company 2
            	Company 3
          

        
        
          	
            Planning phase
          
        

        
          	
            Design for durability
          
          	A timeless design that will last a lifetime
          	V
          	V
          	
        

        
          	Design with low maintenance requirements
          	V
          	
          	
        

        
          	Design with careful choice of material
          	V
          	
          	V
        

        
          	
            Design fordematerialization
          
          	Design with lower energy content materials
          	V
          	
          	V
        

        
          	Design with homogenous material
          	V
          	
          	V
        

        
          	Design with less material combination
          	V
          	
          	V
        

        
          	Product design for shared use
          	
          	
          	
        

        
          	Development phase
        

        
          	
            Design forstandardisation andcompatibility
          
          	Design with modular product structure
          	V
          	
          	V
        

        
          	Design that simplifies the structural shape of products
          	V
          	
          	V
        

        
          	Design that reduces the weight and consumption of raw materials
          	V
          	
          	V
        

        
          	
            Design for adaptabilityand upgradability
          
          	Design that can be adjust for different situation
          	V
          	
          	V
        

        
          	Upgrade by adding components or modifying the product's structure
          	
          	
          	
        

        
          	Upgrade by replacing components
          	
          	
          	
        

        
          	
            Design formaintenance andrepair
          
          	Design with component that can be maintained
          	
          	
          	
        

        
          	Design with additional service for maintenance
          	
          	
          	
        

        
          	Provide repair service
          	
          	
          	
        

        
          	
            Design for ease ofdisassembly andreassembly
          
          	Design with component that can be disassembly easily
          	
          	
          	V
        

        
          	Design that minimizes the number of steps in manufacturing processes
          	V
          	
          	
        

        
          	Design that minimizes the amount of physical space required by the operations
          	
          	
          	
        

        
          	
            Design for recycling
          
          	Design with recycled materials
          	
          	
          	
        

        
          	The material can be recycled
          	V
          	
          	V
        

        
          	Incentive for recycling
          	
          	
          	
        

      

      

      Strategies that may work for development phase is design for standardization and compatibility, design for adaptability and upgradability, design for maintenance and repair, design for ease of disassembly and reassembly, design for recycling as the activities can be used to develop the design. As described by Bugali & Gulari (2016) that developing product on component, structure and system level is key for eco design.

      The findings also highlight the CSEs' lack of an eco-design strategy for maintenance and repair. Although they use biodegradable natural materials, there are other supporting materials that do not degrade easily and can be maintained to extend the product's lifetime. Furthermore, the study discovered that three CSEs did not consider product design for shared use. All CSEs sell the eco-designs as commodities, but the trend is shifting toward more products being sold as services.

    

    

  
    
      4. Discussion
      The findings highlight that each company has its own eco design strategies are consistent with the findings of Behrisch et al. (2011) who discovered that eco design practice is company specific, and that regardless of differences, all sustainable companies demonstrate the ability to develop completely new concepts that improve environmental performance, proven by their achievement getting different awards.

      Although eco-design practices vary by company, the research suggests that during the planning phase of eco-design process, designers should think carefully about material selection, use one material rather than two, and employ a timeless design style that is subtle, adaptable, and yet looks sophisticated using sustainable materials. From the study, we suggest designers should select materials with low energy content and natural materials that are strong enough on their own and do not require any additional materials to perform the function. Furthermore, it is suggested that an object's design and materials should be determined by its function. This finding is supported by Geiser (2001), who claims that the best time to avoid environmental damage is when materials are designed and selected based on product usage. Ahn & Lee (2018) also asserts that material selection is key because it is the primary factor influencing the product life cycle circulation.

      The research recommends that designers should consider the modularization principle during the development stage of the eco-design process to create standardisation that improves design adaptability and upgradability. The modular design principle also improves disassembly and reassembly, making recycling easier. The modularization principle as eco-design activities is consistent with the research of Yang et al. (2011) who states that modular design can help designers improve maintainability, reusability, and recycleability.

      Based on the cross-case analysis, we especially recommend that Company 2 should begin to think about the design for maintenance eco-design strategy, which will help to extend the design for attachment strategy, a good eco-design should be easily repairable and maintainable. The study suggests that each CSE should implement eco-design strategies that complement one another.

      In addition to the lack of design for maintenance and repair. The study recommends that CSEs should start shift their business paradigm from products to service mindset. Sharing economy is expanding and is thought to encourage sustainable practices (Ritter & Schanz, 2019). The study argues that eco-design can be scaled up through different sharing economy business models, such as subscription-based models, which can increase product lifetime and provide people more access to eco-design.

    

    

  
    
      5. Conclusion
      The purpose of this paper is to provide present eco-design strategies used by creative social enterprises. First, the study was able to shed light on how creative entrepreneurs use one or more eco-design strategies to create sustainable products. Second, the paper adds to current understanding by outlining key activities for implementing each eco-design strategy. Third, the study determines which strategies that may be effective during the planning and development phases. The key activities for each eco-design strategy presented in this paper are a good place to start when defining eco-design design activities.

      Furthermore, the study discovers that the three CSEs use the following strategies: design for durability, design for standardisation and compatibility, design for dematerialization, and design for attachment. The three CSEs have not considered the eco-design strategy design for maintenance and repair and nor have they implemented product design for shared use. In addition, the study also suggests two important eco-design activities: material selection and modular design. When the three cases are compared, CSEs that create their own sustainable materials engage in more eco-design R&D activities than CSEs that use readymade natural materials. CSE can improve their environmental performance by implementing and expanding eco-design strategies and activities on a consistent basis.

      In addition, we also highlight the importance of designers on eco-design process. Designers shape a product's impact over its lifetime to a large extent, the eco design strategies and activities could be valuable in guiding product designers of creative social enterprises on how to conceptualize a product with sustainability in mind.

      Finally, the study recommends that the three CSEs should constantly expand their eco-design strategy to improve environmental performance, because some strategies work better together.

    

    

  
    
      6. Limitation & Further Studies
      There are certain limitations in the study results. First, the study hasn’t touched any discussion about how eco design may related with cost reduction, but the study manages to discuss about energy consumption reduction in design dematerialization activities.

      Furthermore, the study hasn’t research how technological and managerial support may play role in eco design strategy. Further study can highlight financial, technological, and managerial aspect may play role in achieving eco design strategy.

      Another constraint worth mentioning is that the study did not address the customer's point of view; therefore, future research should address how eco-design strategies are perceived by customers. Given the possibility of a mismatch between CSE intentions and customer responses in eco-design.

      According to the study, CSEs have not considered sharing the use of their products. This piqued the interest of new research in how eco-design strategies can be adapted to the sharing economy paradigm and principles. There hasn't been much discussion of this topic in previous studies. Hence, we propose that the evolution of eco-design toward the sharing economy can serve as a model for future eco-design development for creative social enterprises.

      Aside from limitations in findings, there are some limitations in terms of the methodologies used in this study, with only one single observation. Future research should use longitudinal studies to see how the eco-design strategy enfolds in day-to-day product development activities and confirms the activities that have been formulated in the study.

      This study contributes to the design community by formulating eco-design strategies along with the activities that should be conducted by product designers in creative social enterprise to improve their eco-design strategy. The activities have been designed with a focus on creative social enterprises. It does, however, include activities that may be applicable to traditional businesses who wish to move toward sustainability.
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