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ABSTRACT 

Analysis of Design for Environment Requirements for Future Consumer Electronics 

Sudeep Parajuli 

University of Oulu, Industrial Engineering and Management 

Master’s Thesis 2021, 74 pp. + 1 appendices 

Supervisor(s) at the university: Harri Haapasalo, Jukka Majava 

 

The scope of the study was to outline the critical areas of ‘Environment’ as a key 

stakeholder of product development. The aim of the research was three-folded. First, in 

the literature part, the aim was to understand design for environment (DFE) and capability 

creation concepts and resolve how to combine them into a concept. Second, in the 

empirical analysis part, the aim was to find the generic design for environment 

stakeholders and requirements for product development in the electronics industry. 

Finally, in the further analysis and discussion part, the methods and concepts to combine 

stakeholders and requirements for design for environment were generated at a generic 

level. 

A literature study was utilized to understand the topic, where general ideas and aspects 

around design for environment and capability creation were collected. An empirica l 

survey was then conducted by interviewing experts and managers at three electronics and 

high technology companies in Finland. The survey was conducted via an online Teams 

meeting guided by a questionnaire related to design for environment and its related 

aspects. Finally, the analysis of the answers was performed using common knowledge 

and understanding.  

DFE is a product development approach that seeks to enhance a product's environmenta l 

attributes throughout its lifecycle. The ultimate objective is to meet sustainability goals, 

and the early involvement of design for the environment facilitates product development 

in creating sustainability capabilities. Design for environment and sustainability 

capability creation are counterpart activities that support each other in a cycle loop. They 

both require and utilize identifying and assessing critical environmental stakeholders 

during the product development process for long-term sustainability. The empirical study 
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indicates that there are two types of environmental stakeholders. They are interna l 

stakeholders and external stakeholders. Business groups, design teams, quality teams, and 

experts are the internal stakeholders within the organization that participate actively in 

the product design and development process and have power in the decision-mak ing 

process. Customers, suppliers, investors, and peers are the external stakeholders who 

strongly influence the product development process but do not have decision-mak ing 

power. The key environmental stakeholders present essential environmental requirements  

that should be considered in making distinct changes and improvements in the new 

product development process. The central design for environment requirements are legal 

requirements, customer requirements, materials and energy requirements, and voluntary 

requirements.  

In conclusion, it can be stated that design for environment is a lifecycle thinking approach 

to product development that supports continuous improvement and development of 

sustainable products. Therefore, it is critical to identify and prioritize the key 

environmental stakeholders and their environmental requirements for better decision-

making and focusing on fulfilling the sustainability targets. This study highlights the key 

areas of the environment where companies, especially the electronics industry, have to 

rethink the design for environment activities and recognize the concept to develop in an 

effective and organized way. 
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1 INTRODUCTION 

1.1 Background 

Over the few years, the electronics industry has transitioned from an end-of-pipe industry 

and a process-oriented industry to a product-oriented one (Boks and Stevels 2007). 

Sustainability aspects of the circular economy have become the driving aim for 

technological and economic developments as the electronics industry become aware of 

their environmental impacts and are more concerned about such issues (Kuo et al. 2001; 

Telenko et al. 2009). Therefore, the design of products with a minimum environmenta l 

effect has become more essential, and the electronics industry has become more aware of 

reducing the total environmental impact of the products. Each phase of the produc t 

lifecycle is essential, from the production phase of the product to its use and disposal 

phase. As environmental legislation and consumer demand for sustainable and eco-design 

have been increasing rapidly, the industries have become more concerned about ensuring 

the recovery of the products and materials at the end of their lifecycle (Mathur 2007). It 

is thus required to have a new approach to product design to implement safe disposal and 

recycling, reusing, and recovering the products by taking into consideration all phases of 

its lifecycle.  

Design for Environment (DFE) also sometimes termed as eco-design, green 

design, sustainable design, lifecycle design, environmentally conscious 

design (Lagerstedt et al. 2003; Mathur 2007; Telenko et al. 2009), aims at enhancing 

environmental impacts over the product life cycle by integrating environmenta l 

considerations into product design (Telenko et al. 2009). Therefore, the scope of the 

industry's implementation of DFE practices is crucial to its competitiveness in today's 

dynamic business environment. 

1.2 Problem definition 

Product design must address various customer, technical, legal, and other stakeholder 

requirements. Design for X (DFX) method aims for better product design (Tolonen et al. 

2017), thereby addressing various customer requirements while considering the product 

lifecycle. DFX addresses early product development, continuous improvement, and 



 

 2 

capacity creation in a systematic way (Lehto et al. 2011). Effective product development 

is a prerequisite to meet the customers’ demands and needs to achieve competitive goals. 

DFX concepts have been extended to address several relevant aspects, including the 

environment. It has been widely discussed in the literature that suggests what the product 

should be like in the DFE. There are different issues, such as legitimate issues, urgent 

types of requirements, and direct issues listed in the existing literature. However, there 

still lacks research on how sustainability capability creation as a corresponding concept 

works and what is needed during product development to make the environmental aspect 

and circular economy work. Currently, the industry does not have any specific guidelines 

for sustainability capability creation to support future circular economy principles and 

business models. Therefore, it is necessary to develop and validate the particular 

guidelines in under-utilized and emerging areas of DFE. 

1.3 Research aims and research questions 

The aim of this master thesis is three-folded. Firstly, a general understanding of design 

for environment and capability creation concept is gained by assessing and integrat ing 

the available literature outline, thereby combining design for environment (DFE) and 

capability creation (CC) into a concept. Secondly, an empirical study is conducted to 

understand the generic DFE requirements for product development in the consumer 

electronics industry. Finally, the research focuses on clarifying the requirements and 

stakeholders. The results are thus, analysed and integrated to describe the methods and 

concepts to combine stakeholders and requirements for DFE at the generic level during 

the product development and to give further suggestions for implementation practices. 

The above research aims lead to address the research questions as shown in Figure 1 for 

this research study: 
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Figure 1. Research questions for the current study 

1.4 Research approach and process 

In this thesis, the research on DFE is concentrated mainly on describing and analysing 

the environmental requirements and stakeholders in the consumer electronics industry. 

Moreover, literature on basic concepts of DFX and sustainability capability creation are 

compressed to gain a general understanding on how the design for X, where environment 

as a stakeholder, can be combined to capability creation into a concept.  

The current research is explorative and is based on literature review and qualitat ive 

empirical data. A qualitative approach was chosen for this research study because it 

focuses on developing an understanding of the subject instead of analytically proving or 

disproving a specific hypothesis. 

RQ-1:  

How can Design for Environment (DFE) 

and capability creation be combined into 
a unified sustainability concept? 

RQ-2:  

What are the generic DFE stakeholders 

and requirements for product 
development?  

RQ-3:  

How can stakeholders and requirements 
be combined in the generic level to fulfill 

environmental requirements? 

Literature Review 

Empirical 

Survey 

Detail 
Discussions 

and Analysis 
with 
Suggestions 
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The research in this study follows a multi-methodological approach, including a range of 

diverse sources, approaches, and theories to address the research questions. As a result, 

the method was not linear. Rather than that, it was accomplished through a continuous 

and iterative process that emerged as a result of interaction between theoretical 

foundations and empirical data. The empirical data were obtained through a literature 

review, company surveys, and semi-structured interviews with company representatives 

from the electronics industry. Analyses and syntheses are constructed based on critical 

thinking, simplicity, and clarity of expression. 

At the beginning of the study, the initial understanding of the DFX topic focusing on the 

principle of the DFE and Sustainability Capability Creation is gained through existing 

literature to outline requirements from the environmental side. With most journal articles, 

the research materials are searched mainly through Google Scholar, the University of 

Oulu Library database (Oula-Finna), and Science Direct. The study focuses on using the 

most relevant articles as literature. The second part of the research is the empirical study 

and analysis based on preliminary interviews with case companies and literature used to 

analyse the environmental requirements and stakeholders for the electronics industry. The 

third part of the study is more constructive. After getting the initial answer to RQ2, a 

detailed discussion is conducted to outline the sustainability capability creation 

framework through in-depth analysis of the first and second parts and a combination of 

literature and empirical study analysis. 

1.5 Structure of the thesis 

The thesis consists of five chapters with various themes. The following is a breakdown 

of the various chapters with respective themes and sub chapters.  

Chapter 1:   Describes about the background and introduction to the research study. It 

addresses the current research problems in the context of environmenta l 

aspects of product development for future consumer electronics. The scope 

of the research together with research questions and research approaches are 

described in this chapter.  
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Chapter 2:   Comprises of the theoretical foundation of the research study. Presents 

general concepts for design for X, mainly focusing on principle of the design 

for environment and sustainability capability creation concepts.  

Chapter 3:    Defines the methodology for current research study. Describes the empirica l 

research approaches.  

Chapter 4:    Current state analysis of design for environment concept in the electronics 

industry. Discusses the most important types of requirements in sense of 

environment and the stakeholders who presents and carry on those 

requirements in particular in electronics industry. 

Chapter 5:    Discusses the key stakeholders and activities of environment. Presents a 

detail discussion on how environmental stakeholders and requirements can 

be combined in a generic level to fulfil the sustainable requirements based 

on the theoretical and empirical results and analysis.  

Chapter 6:   Summarizes the results and discusses the answers to the research questions  

and reviews the most important contributions and conclusions. In addition, 

suggests and recommends topics for further research.  
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2 LITERATURE REVIEW 

2.1 New Product Development and design (for environment) 

New product development is the process of discovering, developing, and introducing new 

products to the market. First, product ideas are identified and evaluated for feasibility 

before moving on with the development process. Then, after the concept has been 

screened, the new product development process is commenced, including several stages 

before a new product is introduced. (Pahl et al. 2007) Figure 2. shows Ulrich and 

Eppinger’s (2008) generic new product development process which is considered as the 

most recognized new product development model.  

Figure 2. Generic new product development process (Ulrich & Eppinger 2008, 4th edition) 

Product development usually considered a multidimensional activity (Mathur 2007; 

Lagerstedt et al. 2003), is undergoing a continuous transition in the electronics industry 

(Helo 2004; Belt et al. 2008; Zeidler 2008). It is typically characterized by a large 

organizational structure, the engagement of a large number of individuals, and a diversity 

of areas such as research, design, marketing, production, distribution, and management 

(Mathur 2007; Lagerstedt et al. 2003). 

The product development process is characterized by continuous analysis and 

interpretation at various levels of detail, which is carried out in an iterative way. In 

general, design work always begins with an analytical phase in which the problem is 

identified and explained, along with the overall goal. The problem analysis should be 

followed by developing a requirement specification and generating ideas and concepts 

(Mathur 2007). 
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Figure 3. Product design process representation (modified from Rose 2000).  

Figure 3 illustrates how key decisions made throughout the product design process may 

impact decisions made during the production, distribution, marketing, customer usage, 

service, reusing, recycling, recovering, and end-of-life phases of the product's life cycle. 

Within the product development process, various stages must be performed. It all starts 

with generating an idea, followed by product definition or product planning, conceptual 

design, detail design, and embodiment design. The design phase has the most significant 

influence on the product's environmental impact since it is the most time-consuming 

phase. (Rose 2000). It is thus critical to use product information pertaining to 

environmental concerns at an early stage in the product design and development cycle.  

Several studies have stressed the importance of early phases in the product development 

process (Gatenby and Foo 1990; Harkonen et al. 2009; Lau et al. 2007; Yang et al., 2007). 

Therefore, DFE must integrate and adapt in the early phase of the product development 

process to accomplish environmental product improvements. It is usually assumed that 

early product development phases have the greatest effect on the environmental aspects 

of the product (Lagerstedt et al. 2003). Design for Environment (DFE) addresses different 

aspects of environmental sustainability during the product development activit ies, 

including appropriate material utilization, analyzing the product usage process to 

minimize environmental impact, energy consumption and efficiency, reducing industr ia l 

residues during production, material recovery, reuse, recycling, and considering the 

design for end-of-life (DeMendonca and Baxter 2001; Fiksel 1993; Junning et al. 2003; 

Rose 2000; Telenko et al. 2008). 
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Figure 4 depicts a straightforward model of product development processes, emphasizing 

the relationship between the degrees of freedom in product design and the information 

and data about the new product at various phases of design development. The design 

process can be represented by the curves, which reflect the increasing amount of product 

knowledge and the decreasing amount of design flexibility as time progresses. When 

designing a new product, the amount of knowledge available at the beginning is limited. 

However, there is also a significant amount of freedom in how the product's design takes 

place, such that the environmental aspects of the product may be recognized and included 

in the design. This product development stage is termed the early product design phase 

or early product planning phase. As the product develops, the amount of information 

available about the product grows, but at the expense of design freedom. A sustainab le 

solution generally requires substantial improvements and re-thinking of product systems, 

and as a result, decisions made during the early phases of product development are 

critical. (Mathur 2007; Lagerstedt 2003; Lagerstedt et al. 2003; Rose 2000; Lehto et al. 

2011) 

When an intellectual breakeven point is reached, a conceptual phase of the product is 

established, referred to as the intermediate design phase (Lagerstedt 2003; Mathur 2007). 

This conceptual design phase calls for the implementation of design for environment 

requirements or checklists such as material selection (Rose 2000), environmenta l 

regulatory requirements, customer requirements, etc. By the end of the process, the 

company acquires the most knowledge about the product, but the chances of making 

changes to the design are reduced significantly (Lagerstedt et al. 2003). Therefore, 

environmental aspects in product design should be considered from the beginning of the 
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product development process.

 

Figure 4. Knowledge and degree of freedom in the product development process  

(modified from Lagerstedt 2003 and Rose 2000) 

2.1.1 Requirements in product design 

A number of aspects must be addressed during the product development and design 

process.  Customer requirements must be considered throughout the early stages of the 

product development process, including appropriate material selection, functiona l 

requirements, environmental requirements, and technical limitations. Customer 

requirements may include functional performance, human factors, physical factors, 

reliability, lifecycle, sustainability, resource, and manufacturing requirements (Lagerstedt 

2003; Mathur 2007). Similarly, other requirements that consider the design performance 

concerning environmental, health, and safety objectives, referred to as DFE objectives, 

may include minimizing material and energy consumption and waste throughout the 

product's life cycle, reducing transportation requirements, reducing workplace health and 

safety hazards, and manufacturing products that benefit and support the environment and 

improve the economic condition throughout society (Rounds and Cooper 2002). 

. Knowledge and degree of freedom in the product development process
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2.1.2 The environment – a part of product development 

Environmental concerns are essential and should be appropriately addressed. However, 

in the practical design field, time limits and deadlines require that environmental issues 

cannot consume an excessive amount of the PD and design process time frame. In general, 

products are designed based on requirements that include one or two core functionalit ies 

and several limitations. Even though it is the primary product function, very few products,  

principles, or functions can be described using a single criterion; other considerations 

such as cost, physical lifespan, and appearances are vital factors that influence consumer 

choices (Luttropp and Lagerstedt 1999). The majority of DFE techniques, on the other 

hand, are based on a single condition or the primary function. As a result, in addition to 

the primary purpose, it is necessary to adopt a set of fundamental design requirements 

while keeping in mind that environmental concerns should also be given high priority in 

the design process (Lagerstedt 2003). Figure 5 is a pie chart that demonstrates this concept 

in further detail. As such, design for environment refers to taking environmenta l 

aspects into consideration without compromising the other requirements imposed on the 

product, and design solution should strive to achieve a balance between all of the 

competing requirements (Lagerstedt 2003; Lagerstedt et al. 2003).  

 

Figure 5. Representation of demands to be addressed during the product (Adapted from 

Lagerstedt 2003). The figure depicts environment as a part of the product development 

process.  
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2.2 Design for X 

Product design requirements have continuously increased with the need for significant 

changes in product design in different aspects. Product developers can no longer utilize 

the design of products only in terms of their key functional or performance requirements 

to remain competitive. The product must perform well in all aspects, such as cost, quality, 

safety, security, reliability, and environmental impact, while contributing to customer 

satisfaction. Research shows that it is preferable to address the fundamental problem and 

make efforts to enhance the product rather than simply reacting to the symptoms of the 

problem. Product improvements are more important, and environmental concerns must 

be addressed. (Rose 2000) 

Design for X is the process of considering X during the product development process. In 

the Design for X concept, ‘Design’ means engineering design (Mustonen 2009) whereas 

‘X’ means lifecycle aspect, lifecycle phase, or stakeholders such as manufactur ing, 

assembly, cost, quality, recycling, maintenance, servicing, supply chain, and environment 

(Halttula et al. 2017; Holt and Barnes 2010; Lehto et al. 2011; Möttönen et al. 2009; 

Mustonen 2009). DFX provides a practical framework for executing concurrent 

engineering (Kinnunen et al. 2014; Lehto et al. 2011). The general idea of implementing 

the DFX concept is to acknowledge all possible ‘X’ in engineering design so that to create 

a downstream operation to ease the lifecycle flow of the product and at the same time 

reduce the costs (Kinnunen et al. 2014; Kuo et al. 2001) and design the product for high-

quality lifecycle management and increase the efficiency of the product throughout the 

product life cycle (Mustonen 2009). Moreover, DFX refers to its various applications, 

including design for manufacturing, design for logistics, and design for the environment, 

each focusing on a different aspect of the various X’s lifecycle (Mustonen 2009). 

In the electronics industry, DFX has been implemented in complex product development 

projects (Lehto et al. 2011; Möttönen et al. 2009) to address critical stakeholders 

throughout the early stages of product development, which has proven to be effective. 

DFX has been identified as a viable way of enhancing communication and creating 

capabilities for achieving competitive objectives in various industries (Halttula et al. 

2017). The concept of DFX has developed over the past few decades to encompass 

various aspects, tools, and methodologies. This evolution has broadened the scope of DfX 
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beyond the initial product scope to include system and eco-system perspectives (Chiu and 

Kremer 2011). 

2.3 Design for Environment - a part of Design for X 

Increasing concerns about environmental degradation have prompted a range of studies 

to produce products that are more sustainable and environmentally friendly. The 

environmental impact of a product throughout its lifecycle is mainly influenced by the 

decisions made during the design process, which has resulted in the development of a 

number of designs for the environment (DFE) technologies. There is no one metric for 

environmental impact, with various stages of the life of a product influencing the 

environment in a variety of ways at different points in time. DFE is a subset of a family 

of environmentally sensitive design approaches that include design for disassembly, 

design for recycling, design for end-of-life, and sustainable design. (Holt and Barnes 

2010) 

Research into Design For 'tools and techniques' (DFX) has been conducted for decades, 

which offers an ideal foundation for developing the Design for Environment (DFE) 

approach. Design for the Environment refers to the fact that the "environment" contributes 

to decision-making during the design of the product. In other words, environmenta l 

considerations are taken into account during the product development process. 

Environmental considerations are given equal weight when going through this process 

with more traditional product requirements such as profit, performance, attractiveness, 

ergonomics, image, and overall quality. In each stage of the product development process, 

DFE considers environmental issues, intending to achieve products that have the least 

environmental impact over their entire lifetime. (Rose 2000) 

Design for Environment is the systematic assessment of design performance concerning 

environmental health and safety objectives throughout the product and process life cycle 

(Kuo et al. 2001; Lenox et al. 2000; Mathur 2007; Rose 2000). Design for Environment 

is an essential component of the Design for X concept. It encompasses all life cycle stages, 

including extraction of raw materials, manufacturing, transportation, use, and end-of- life 

phases (Rose 2000). The scope of DFE includes environmental management, product 

safety, occupational health and safety, prevention of pollution, ecosystem, conserve 

natural resources, prevention of accidents, and waste management, with a particular 
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emphasis on product development (Glazerbrook et al. 2000; Mathur 2007; Ufford and 

Ward 1999). In general, "DFE" encompasses any design effort that tries to enhance the 

product's functions in the sense of environmental performance. DfE may be implemented 

through the use of a variety of tools and methodologies that have been created. This 

category includes everything from generic to specialized tools focused on particular 

product lifecycle stages or specific types of products or services. Others are intended for 

use throughout the detailed design phase, while some are used during the decision support 

phase early in the design process (Hauschild et al. 2004; Mathur 2007). 

Design for Environment is concerned with understanding the life cycle of a product and 

its impact on the environment at each stage of its life cycle, as well as making better 

decisions during the product design process to ensure that environmental aspects of the 

product remain at the desired level throughout its life cycle (Rose 2000). It is essential to 

incorporate design for environment into the product development process early on to 

ensure that the environmental impacts of a product's life cycle are considered before any 

manufacturing choices are made. The product's performance also has an impact on the 

environmental implications of the product, which is something that is committed very 

early in the product design process. When considering the environmental consequences 

of a product, one should consider the many forms of pollution that it may cause, such as 

energy consumption, depletion of natural resources, liquid discharges, gaseous emissions, 

and solid waste generation. A large portion of the potential product end-of-life costs is 

committed at the conceptual design stage of the product development process. When 

designing, the goal is to offer as much important information to the designer as early as 

possible. As a result of the internal and external pressures for environmentally responsible 

design, DFE should be a component of the product development and production cycle 

from the beginning (Holt and Barnes 2010; Junning et al. 2003; Rose 2000; Ulrich and 

Eppinger 2011). 

Design for Environment is concerned with understanding the life cycle of a product and 

its impact on the environment at each stage of its life cycle, as well as making better 

decisions during the product design process to ensure that environmental aspects of the 

product remain at a desired level throughout its life cycle (Rose 2000). It is essential to 

incorporate design for the environment into the product development process early on in 

order to ensure that the environmental impacts of a product's life cycle are considered 

before any manufacturing choices are made. The product's performance also has an 
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impact on the environmental implications of the product, which is something that is 

committed very early in the product design process. When considering the environmenta l 

consequences of a product, one should consider the many forms of pollution that it may 

cause, such as energy consumption, depletion of natural resources, liquid discharges, 

gaseous emissions, and solid waste generation. A large portion of the potential product 

end-of-life costs is committed at the conceptual design stage of the product development 

process. When designing, the goal is to offer as much important information to the 

designer as early as possible in the process. As a result of the internal and external 

pressures for environmentally responsible design, DFE should be a component of the 

product development and production cycle from the beginning (Holt and Barnes 2010; 

Junning et al. 2003; Rose 2000; Ulrich and Eppinger 2011). 

2.3.1 Life cycle perspectives 

The life cycle perspective is the cornerstone of DFE that concentrates on the 

manufacturing and distribution of products in a closed-loop system and links the product 

life cycle to that of the natural life cycle (See Figure 5). The life cycle begins with the 

extraction and processing of raw materials from natural resources and continues with the 

product's production, distribution, and use. Ultimately, at the end of the product's useful 

life, there are various recovery options, such as component remanufacturing or reuse, 

material recycling, or incineration or disposal in a landfill. On the other hand, the natural 

life cycle is a continuous cycle that reflects the growth and destruction of organic 

substances. As seen in Figure 6, the two life cycles intersect with the use of natural 

materials in industrial products and the reintegration of organic materials into the natural 

cycle. (Ulrich and Eppinger 2011). 
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Figure 6. The natural life cycle and the product life cycle – two life cycle perspectives 

(adapted from Ulrich and Eppinger 2011) 

2.3.2 Design for environment and sustainability capability creation  

Design for Excellence (DFX) is a set of concepts, tools, and procedures used to ensure 

that the most cost-effective and efficient design process is carried out at all times. During 

the design phase of the DFX activity, all requirements of the key stakeholders are 

considered, with X representing each key stakeholder in the process. The DFX method 

has addressed numerous significant Xs in product development, such as design for the 

environment. DFX has been identified as a possible tool for enhancing communica t ion 

and enabling capabilities (Lehto et al. 2011). The main goals of capability creation are to 

improve product design and facilitate efficient production (Tolonen et al. 2017). The 

capabilities differ as the key ‘Xs" differ in DFX consideration. However, the capability 

creation process runs parallel to the product development process (Tolonen et al. 2017) 

for every Xs in DFX.  

Integration of DFE into new product development ensures sustainable product design and 

impacts sustainable environmental performance (Suresh et al. 2016). Considering 

environment as a key X, the early involvement of design for environment in product 

design is considered integral to successful sustainability capability creation; where 
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sustainability is the main capability created at the end of the product development process 

(Gungor and Gupta 1999; Hauschild et al. 2004; Holt and Barnes 2010; Junning et al. 

2003; Kuo et al. 2001; Kurk and Eagan 2008). Therefore, integrating environmenta l 

aspects for decision-making during DFE consideration is critical in the product 

development process as it enhances product competitiveness through sustainability 

creation (Choi et al. 2008).  

Figure 7 shows that the effort to be made for DFE or the activities related to design for 

environment is high at the early phase of the product development process. At the 

beginning of the project, no capabilities are yet created, and the focus is more on 

implementing design parameters into the product (Tolonen et al. 2017). Different 

environmental aspects need to be considered at the beginning of the product development 

process, such as identifying environmental stakeholders, classifying the stakeholders, 

analysing and prioritizing environmental requirements, etc. As the product development 

process progresses, the activities of sustainability capability creation focus on the creation 

of sustainability capability itself. By the end of the development process, the effort to be 

made for the DFE approach ultimately minimises. 

      

      

      

      

       

 

 

 

 

Figure 7. Focus areas of sustainability capability creation (modified from Tolonen et al. 

2017)       
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2.4 Synthesis 

DFE is a product development approach that seeks to enhance a product's environmenta l 

attributes throughout its lifecycle. The ultimate objective is to meet sustainability goals, 

and design for the environment facilitates product development in creating sustainability 

capabilities. 

Sustainability capability creation and design for environment can be considered as a 

counterpart processes where both support each other in a loop of cycle (see figure 8). 

They both require and utilize identifying and analysing the key environmenta l 

stakeholders during the product development process that concerns the sustainab le 

development. The main idea of DFE is to identify key environmental stakeholders and 

analysing the environmental requirements of those stakeholders and integrate those 

during product design. As the product development proceeds, the creation of 

sustainability increases. Sustainable capability creation process can be a continuous 

source of sustainable information that is used during design for environment 

implementation.  

 

 

Figure 8. DFE and sustainability capability creation cycle 

The sustainability capability creation process focuses on the design for environment 

(DFE) product design aspects, perspectives, targets, and related activities and 

responsibilities during the initial product ideation and conceptual phase. At the end of the 
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product development process, the sustainability capability creation process focuses on 

managing new sustainable products to be launched on the market.  

Design for environment and sustainable design of electronics products is driven by 

sustainability thinking, customer demands, legislation, and need for appropriate use of 

environmentally friendly materials and ultimately penetrate the market opportunit ies. 

Therefore, it is necessary for the design team to design electronic products that are 

beneficial for the environment and society. This can be accomplished by analysing the 

actual demands and targets and then looking for a more sustainable solution that is 

beneficial to environment and people, supported by the use of sustainable materials, 

improving energy efficiency in the production, use, and distribution phases, designing 

products with material that can be reused and recycled after their end-of-life stage. A 

general guideline on DFE strategies based on lifecycle perspectives can be summarized 

in Table 1. 

Table 1. Key DFE strategies and proposed guidelines to be considered during the product 

development process 

DFE strategies  Guidelines 

Design for recycle Use recyclable parts and materials. Use of materials that can 

be recycled easily and that are environmentally friendly. 

Emphasize on using renewable materials and reduce using 

plastics as much as possible  

Design for re-use Use durable materials in the product so that the product can 

lasts long and can be reused instead of disposing completely.  

Design for disposal  Avoid using harmful and toxic substances and materials  

Design for energy optimization Use materials that content low energy content 

 

The ultimate goal of design for environment implementation in product development is 

sustainability creation or sustainable capabilities creation. In order to map the sustainab le 

capabilities creation into the lifecycle of the product, a three-way view of sustainability 

creation based on sustainability strategy can be considered, as shown in Figure 9. At first, 

the sustainability targets should be identified throughout the product’s life cycle, from 

idea generation to product design to production, distribution, use, and the end-of- life 
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stage. In addition, the information and feedback from the customers required for the 

design are included. Secondly, the sustainable targets should be identified from the 

perspectives of different environmental stakeholders that are related to the design of 

sustainable products. They can be customers, design team, suppliers, partners, 

competitors, etc. Moreover, finally, the sustainability targets can be characterised into 

several aspects and requirements on products, including product features, materials, and 

components used in the product, energy usage and consumption, environmenta l 

legislation and regulations, energy optimization, and sustainable thinking. 

 

Figure 9. A three-way viewpoint of sustainability capability creation 

An overview of DFX activities has been presented in this work. The issues related to 

environmental perspectives that should be implemented during the new product 

development process are described in further chapters. The basic principles of sustainab le 

product design, including lifecycle thinking, sustainability targets, identifying 

stakeholders, analysing all different requirements and criteria, and prioritizing them 

correctly, are pointed out and described in this study. 
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3 METHODOLOGY 

3.1 Description of research process 

This chapter discusses the rationale for the selection of the qualitative research method 

that was used in the study, as well as a more detailed description of how qualitat ive 

research interviews are conducted in practice. In chapter 3 and 4, the empirical study 

process and results are presented to gain the practical insights to design for environment 

approaches. In chapter 5, the findings from both the theoretical research and the empirica l 

study are combined to undertake a detailed discussion of the concepts and to provide 

further suggestions for effective implementation. The contribution and evaluation of the 

research are concluded in chapter 6 along with suggestions for further research. The 

research process is shown in Figure 10. 

 

 

 

 

 

 

 

 

 

Figure 10. Research process for current study 
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3.2 Research design and strategy 

The research addresses integrating requirements and stakeholders at a generic level in 

relation to design for environment modules for future consumer electronics. The unit of 

analysis in the empirical research has been the companies. The data has been collected 

from environmental specialists or DFE experts who have a key role in defining the design 

for the environment approach during product development. The current research 

approach is justified by the research questions and unit of analysis.  

The case studies are used to build a more comprehensive picture and develop a deeper 

understanding of the studied phenomena, which involves examining and analyzing 

extensive data within a specific context (Schell 1992; Zanal 2007). Case studies, 

according to Yin (2014), are preferred when the researcher focuses on a contemporary 

phenomenon within its real-time context and has limited influence over the events, as 

well as when multiple sources of information are accessible. Moreover, the case study 

research is suitable for the current thesis study as it focuses on the “how” question, which 

is more exploratory (Yin 2014). The thesis aims to highlight how the DFE stakeholders 

and requirements can be combined at a generic level. Since such open questions facilitate 

the generation of qualitative insight, a qualitative empirical study is overall more 

appropriate to reach the goals of this study (Saunders and Lewis 2012).  

For this thesis, a qualitative study approach in a holistic multiple case study was used 

(Figure 11), based on the case study framework proposed by Yin (2014). A multiple case 

design provides a robust study with several sources of evidence through replication, 

where each case serves a definite purpose within the scope of the research (Zainal 2007; 

Yin, 2014). Similarly, by drawing on data from several sources and cases, a multiple case 

study provides the ability to examine similarities and dissimilarities between them, hence 

making the research more robust, more reliable, and valuable (Baxter & Jack 2008; Yin 

2014). 
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Figure 11. Basic types of case study (Yin 2014)  

Furthermore, because the field of design for the environment is relatively new, it is 

apparent that empirical research will be required, mainly because a basis in formalized 

experience and knowledge must be constructed to provide findings that are practical in 
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electronics industry. Since it contains knowledge about challenges and opportunities for 

development and improvement regarding design for environment requirements, the 

subjective experience of professionals in quality, design, and the environment is 

significant. Exploring the individual experience of environmental professionals is a 

method for discovering valuable outcomes in the industrial context. According to Miles 

and Huberman (1994), one of the benefits of gathering qualitative data through qualitat ive 

empirical research is focusing on real-life since it is based on naturally occurring 
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3.3 Data collection  

The objective of the empirical aspect of this study is to obtain a general understanding of 

how the electronics industry approaches the concept of design for the environment in 

practice, as well as what the requirements and stakeholders for design for the environment 

are in the first instance. It was not feasible to have direct access to data; therefore, 

interviews had to be conducted in order to gather information. According to Yin (2014), 

conducting interviews is suggested since the study is concerned with current events. The 

primary objective is to get information about the operations and incidence of the topic 

under consideration. Hence, the interview approach is used in this study for data 

collection purposes. 

Semi-structured interviews are beneficial for this type of research. They provide structure 

to the interview while offering a degree of flexibility and can be adjusted on the go 

depending on the needs of each interview session. In particular, semi-structured 

interviews allow to exclude questions from the interview or add new ones depending on 

the replies of the respondents, which can be helpful since the answers from the 

participants can be complicated and unpredictable (Saunders & Lewis, 2012).  

Semi-structured interviews were conducted with the environment specialists and experts 

in the electronics industries. A semi-structured interview guide (see Appendix 1) was 

created based on the outlined theoretical framework and previous research on this topic. 

The interviewees received information about the study in advance via email to make sure 

that the goals of the study were clear to them. The interview guide was provided to the 

interviewees before the interview, allowing them to think about the questions before the 

interview. The interview lasted for 30 minutes and an hour. Because of the present 

COVID-19 situations, face-to-face interviews were not conducted; thus, the interviews 

were performed using the Teams Meeting platform. However, the interview conducted 

through Teams Meeting let the interviewees convey their ideas and knowledge more 

diversely and appropriately. In addition, it provided the interviewer with the opportunity 

to ask further questions on the topic and related concerns. During the interviews, replies 

were promptly interpreted to ensure that the interviewer received the correct meaning of 

the responses. Thus, during the interviews, the researcher was able to learn more about 

the subject in depth. 



 

 24 

3.4 Data sources 

The primary source of data for this study is semi-structured interviews targeted at 

electronics industries in Finland. Along with interviews, the information was collected 

from the company websites and the company’s sustainability report as a primary data 

source. The companies were selected based on personal contacts, and they were 

approached through email to inquire about the possibilities of interviewing at a time 

convenient for them. In addition, this research also relies on several other data sources, 

such as available research articles and reports, as secondary data. The variety of versatile 

data sources and analysed material enabled to enrich and triangulate emerging insights 

and transparently validate the findings. The overview of the interviewed companies is 

listed in Table 2. 

Table 2. List of interviewed companies 

 Industry/Sector Size Interviewee(s) 

Company A Telecommunication, 

information technology 

and consumer 

electronics 

 

Large DFE Experts 

Company B High tech industry, 

producer of high 

strength steels 

Large Director for 

Environment and 

Safety 

Company C Sports training 

computer/equipment 

Large Director of Quality, 

Quality Specialist, 

Line Manager 

(Creative Design), 

Specialist (Mechanical 

Development), 

Specialist (Product 

Approval), 

Senior Industrial 

Designer 

 

 

The study involved an in-depth analysis and study within a specific field aiming to gather 

a maximum of first-hand information about the studied phenomenon at the company, 

including design for X, environment, design for environment, environmenta l 

requirements and stakeholders, and design for environment challenges and importance. 
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3.5 Data analysis 

The nature of this research study was qualitative, and no quantitative data were used; the 

study utilised qualitative methods to analyse the data. The analysis is done in a few steps. 

The data collected through interviews were at first transcribed into text. After that, the 

themes were constructed based on the literature review and the interviews. The themes 

were then refined to make the themes more concrete and specific, which helped to provide 

a structured overview of the relevant data. Next, the main insights from the interview 

were distilled and presented clearly in the results section without any analysis and 

changes. The results were then analysed and discussed, and finally, the conclusions were 

provided for the central questions of this study. 
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4 CURRENT STATE ANALYSIS OF DESIGN FOR 

ENVIRONMENT IN ELECTRONICS INDUSTRY 

4.1 Sustainability approach in the studied companies 

4.1.1 Sustainability goals and focus areas 

Sustainability is the core and integral part of the strategy and the design of the products 

in every interviewed company. The companies see sustainability not just as the money 

but refer it as serving to their customers and at the same time making sure that they do 

the things (make products and services) in the proper way. The companies have their core 

focus areas where they have the most significant impact. Table 3 presents the different 

focus areas of the interviewed companies along with their sustainable goals. 

Table 3. Overview of sustainable goals and the key focus areas of the studied companies 

 Focus areas Sustainablity goals 

 

 

 

 

Company A 

Climate - Solution-based approaches to combating climate change, 

including mitigation and adaptation strategies. 

- Reduce emissions and achieve climate goals by taking 

use of the enabling effects of digitalization and new 

technology. 

Integrity - Emphasising the significance of respect for ethical 

behaviour, as well as for security and privacy. 

- Engage in ethical and transparent business practices with 

employees, suppliers, business partners, consumers, and 

other external parties in order to maintain mutual 

respect. 

Culture - Assuring the flexibility to attract the best individuals and 

building high-performance diverse teams that make 

things happen. 

- Develop not just the culture, but also talent management 

activities, performance assistance, and career 

development on a continuous basis. 

 

 

 

Environment - Reduce carbon footprint with low CO2 steel 

- Reduce CO2 emissions in the use phase 

- Be the first to provide fossil-free products 

- Minimizing environmental impact through the efficient 

use of raw materials and energy 

Safety - Becoming the world’s safest steel company  
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Company B 

Respect and Integrity - Zero tolerance for bribery and corruption 

- Provide equal employment opportunities for all 

employees regardless of their age, gender, ethnic 

background, physical ability, political and religious 

beliefs, or any other attributes. 

- Boosting women's involvement in senior management 

positions. 

- Aim for inclusion to guarantee full and equal 

participation of everyone representing whole range of 

diversity within the organization. 

 

 

 

 

Company C 

Climate - Make transition towards a carbon-neutral future 

Environment - Consider the environmental implications and impacts of 

products throughout their life cycle, from creation and 

production through delivery and customer service. 

- Develop materials and manufacturing process and 

methods on a continuous basis in order to eliminate 

scrap and waste. 

- Manufacture products using materials that are safe for 

environment.  

 

Human Rights - Focus on protecting human rights throughout all the 

operations and activities and regularly assess the impact 

of its operation on human rights in order to reduce and 

eliminate any risks that might occur.  

- Prohibit the use of child labour or forced labour across 

its operations.  

- Provide employees with the benefits that are required by 

law and guarantee that they are working in a safe 

environment. 

- Support equal employment opportunities.  

- Provide a work environment where all the individuals 

are treated with dignity and respect.  

 

4.1.2 Sustainability strategic approach 

The objective of all companies is to deliver more sustainable products and work toward 

creating a better, cleaner, and more sustainable world, thereby providing social and 

environmental benefits for individuals, industries, and society in general. However, 

Company A and Company B have different strategic approaches to sustainability to make 

their businesses more sustainable. In contrast, company C does not have any specific 

sustainability approach but aims to develop sustainable products. 
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Company A 

The sustainability strategy approach is the outcome of an in-depth analysis of their 

sustainability activities, requirements, and achievements, emphasizing impact, scope, 

focus areas, and targets. The strategic approach to sustainability is based on several 

factors relating to business and its implications for sustainable development, includ ing 

global macro trends affecting sustainable development, consistent interaction with 

various stakeholders, customer and investor requirements and information, and 

performance metrics of industry peers and sustainability leaders, and analysis of 

sustainable value throughout the value chain. Figure 12 represents the strategic approach 

to sustainability for company A. 

 

Figure 12. Strategic approach to sustainability of Company A 

Company B 

Sustainable development is a critical business driver for both the company and its 

consumers. As a result, the company puts much effort into ensuring that it operates 

ethically and environmentally responsible in its activities and markets. The company's 

sustainable strategy is termed "With the Future in Mind" (Figure 13), and it consists of 

two key themes: first in fossil- free steel and leading sustainability performance. 
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Figure 13. Sustainability strategy of company B 

Company C 

Company C is devoted to improving the globe by helping customers improve their health 

and well-being and continuously enhancing its products and operations to become more 

sustainable. Company C does not have a particular sustainability strategy. However, it 

focuses on creating long-lasting products, recycling and collecting old products, and 

recycling packaging material globally per local regulatory requirements. 

4.2 DFX approach in the studied companies 

DFX is present in every company. DFX is implemented into the early phase of the product 

development process in every company. In Company A, the DFX concept has been used 

for many years. DFX as a concept is utilized in many areas throughout the company in 

terms of reliability, quality, manufacturing, security, and the environment. DFX is a part 

of a broader program for the design community. Many DFX attributes start to come into  

play from the early stage of product development activities. Company B has ‘design for 

manufacturing’ as a discrete activity in the early conceptual phase of the product 

development process. In company C, DFX as a concept has been used in different aspects, 

such as design for manufacturing and design for assembly.
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Table 4. Overview of DFX attitudes in the studied companies 

 Attitudes towards DFX 

Company A - DFX is a part of a broader program for the design community 

- DFX integrated from early phase of product development 

- DFX as concept utilised 

- DFX used in many areas throughout the entire company in different  

aspects such as reliability, quality, manufacturing, security, environment.  

Company B - DFX is integrated into early phase of product development process  

- Design for manufacturing is used at early phase of product development 

process 

Company C - DFX as a concept is used in different aspects such as manufacturing, 

assembly. 

 

4.3 Design for Environment (DFE) concepts in the studied companies 

Every company considers the environmental aspects of its products during product 

development activities. All companies aim for sustainable development, and all of them 

have their requirements and practices set to achieve the environmental objectives 

throughout the product development process. However, only Company A utilizes DFE as 

a separate concept to control and set the objectives to avoid environmental harm. 

Company A has a DFE program, which is a set of documentation that sets both 

requirements and guidance for the design community, and that comes with the checklists 

that are part of the development gate process.  In contrast, Company B and Company C 

do not have DFE concepts, but they include environmental issues as an essential aspect 

of their product development activities. Table 5 summarizes the approach to the DFE 

concept at the studied companies. 
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Table 5. DFE utilization in the studied companies 

 DFE as a separate concept 

Company A - DFE is used as a separate concept  

- It utilizes a DFE program where requirements and guidance are set for the 

design community 

- DFE is integrated at the early phase of the product development process  

- DFE experts are involved in reviewing and considering the requirements, 

guidance, checklists, and finalizing the design considerations  

Company B - DFE as a separate concept is not used 

- Environmental aspects and issues are considered throughout the product 

development process 

- Doesn’t have specific DFE experts but they have experts who follows all 

the safety, legislation, and requirements and environmental and social 

aspects. 

Company C - DFE as a concept is not utilized 

- Environmental issues are included in the early stages of new product 

development and material supplier selection 

- Doesn’t have specific DFE or environmental experts  

- Quality team from IT, mechanics, electronics, work together and consider 

the environmental aspects in the design of the product.  

 

4.3.1 Perspectives on environment 

The way the company perceives the environment determines how it approaches problems. 

Every company has its perspective on environmental performance to achieve 

sustainability. Every company interviewed aims to improve the environmenta l 

performance of their products. Companies have included environmental targets in their 

product development activities, and significant efforts have been made to create 

environmentally friendly products. Table 6 presents the company’s perspectives on the 

environment. 
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Table 6. Perspective on environment at the studied company 

 Perceptions on environment 

Company A - All the aspects of the product that have an impact on the environment  

- Physical stream – turning into a chain of cycle rather than just a one way 

throughout – a concept of reuse, recycle and recover options. 

- Energy use by the product – the energy use during the product usage 

usually lists the environmental impacts and that should be addressed. Try 

to evolve in the technology on reducing the energy use  

- If looked at the organization as partly separate issues, it goes more into 

supply chain management, but in terms of sustainability, those all come 

together 

- So, the environment can be seen as a separate thing or just one thing within  

the sustainability concept. 

Company B - Environment is a part of the sustainability strategy 

- When comes to environment, it means CO2 reduction  

- Continuous improvement to minimize emissions and improve productivity 

- The types of material used and material flow to the customers enabling 

reducing the environmental footprint 

- Forming a fossil-free value chain 

Company C - Considering the overall impact of the product and its environmental 

aspects throughout the life cycle of the product  

- Environmental issues are included in the early phase of material supplier 

selection  

- Supply chain management from key materials to retailers – ensuring the 

environmental aspects  

- Have to follow the environmental and regulatory compliances – because 

the products are sold globally, those kinds of regulations have to be 

considered in a global view as well.  

 

4.3.2 Environmental requirements 

Product design and development require consideration of several aspects. Different kinds 

of requirements from different stakeholders need to be considered and utilized during the 

product development process. There are customer requirements, material selection 

requirements, legal requirements, etc., that must be taken into account during the early 

phase of product development. Four major kinds of requirements were realized from the 

interviews, which are briefly discussed in this section. 

Material and energy requirements 

Material and energy are the major aspects that the companies try to minimize in their use 

in their products. When looking at the requirements, the company looks at the 
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environmental aspects, what materials go into the product, and what materials need to be 

substituted or avoided to have the minimum impact on the environment. For example, 

Company A uses high recycled materials. By doing so, they are avoiding the impact to 

the environment, not only on global warming potential but also on resource depletion. So, 

they look at the eco-aspects that are of the company's highest significance and have the 

most impact on the environment. At the same time, they try to minimize energy usage 

during the production and distribution of the products. 

Similarly, Company B focuses on continuous improvements in order to reduce emissions 

while increasing productivity and material and energy efficiency. They focus and work 

towards making fossil- free steel so that their customers can produce sustainable products 

that reduce their environmental footprint. At Company B, the energy flows throughout 

the production process are recycled to improve energy efficiency. Company C focuses on 

environmentally usable products. They try to use recycled materials in their products and 

consider the environmental aspects wherever possible. At the same time, they emphasize 

making durable and functional products that last longer. Thus, the material selection bar 

is at a high place. 

Legal requirements 

Legal requirements are hard requirements that all companies have to fulfil. They do not 

have any option other than to follow the laws and regulations. The legal requirements fall 

under the most critical requirements for all companies because they cannot sell the 

products if they do not follow the regulatory requirements. Environmental regulation is a 

dynamic process, and the regulations keep changing. Thus, the companies constantly 

follow the updates and keep track of what kinds of materials are used in their products. 

For instance, Company A tries to avoid using the materials or substances that will be 

banned in five years so that they do not have to redesign the product and make sure that 

the product they develop meets the requirements in the future. So, the legal requirements 

come as an absolute. 

Similarly, it is crucial for Company B to follow the environmental permits, for example, 

how much CO2 can be emitted and how much dust and fumes can be emitted. They need 

to obey all these regulations and try to improve all the time. For Company B, the European 

Union Emissions Grading System is the most important environmental legislat ion. 
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Likewise, Company C follows the environmental standards that impost on the usage of 

certain materials in their products. In addition, they regularly look forward to developing 

the product so they can sell it in the future. 

Customer requirements 

The products are made for the customers, and their needs and demands have to be 

fulfilled. The customer's requirements are essential for the business; however, the 

company can still negotiate to a certain degree. Nevertheless, customer demands are 

increasing, and the company is considering it carefully. For example, the construction 

industry and the automotive industry are the biggest customers for Company B, and they 

both have very strict requirements for the product. The product cannot contain anything 

that can be harmful to people or the environment. So, they need to consider this during 

the product development and ensure that they do not have any hazardous substances or 

materials in their product. The company must make sure that they help their customers 

do good and sustainable business, thus adding value to their customers and strengthening 

the relationships with their customers. 

Voluntary requirements 

Voluntary requirements are categorized by Company A as their last category of 

environmental requirements. These kinds of requirements would be those things that the 

company thinks are good for the world. For example, they try to avoid using substances 

that would make it impossible to use recycled plastic. So, these kinds of requirements are 

flexible, and the company has the option to prioritize them as per their needs and 

situations.  
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Table 7. Environmental requirements in studied companies 

 Environmental 

Requirements 

Descriptions  

Company A 1. Material and Energy 

requirements 

- First look at the environmental aspects  

- Follow ISO 14000 in classifying environmental 

aspects 

- Try to change or avoid and substitute materials that 

have high environmental impact 

- Use highly recycled materials  

- Try to minimize materials and energy in the use in the 

products 

- try to minimise energy consumption  

 2. Legal requirements - These are hard requirements. No negotiations. 

- Consider the requirements in today and in the future. 

- Avoid using certain substances what will be banned in 

five years, for instance. 

- Make sure to develop the product that meets the legal 

requirements in the future.  

 3. Customer requirements  - Listen to the customers’ requirements  

- Customer requirements regarding material selection, 

avoiding certain material 

- Can still negotiate to a certain degree 

 4. Voluntary requirements  - Those things that are good for the world 

- For example, try to avoid those substance that would 

make it impossible to use recycled plastic 

Company B 1. Legal requirements - Environmental permits, for instance, how much fumes 

and dust, and sulphur can be emitted. Need to obey 

these regulations 

- From business perspectives, European Union 

Emission grading system is the most important 

environmental legislation  

- Should have global solutions and global efforts to 

mitigate the climate change 

 2. Customer requirements  - Enquiries from customers are increasing 

- Customer requirements regarding chemical content of 

the product and the possible hazardous element that 

the product can content 

- Construction business and automotive business are the 

two big customers. They have strict requirements for 

the product. The product cannot contain anything 

which can be harmful for the people and the 

environment 

3. Material and energy 

requirements 

- Focuses on continual improvement in order to reduce 

emissions while simultaneously improving  

productivity and material and energy efficiency 
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- Customers are able to produce lighter and stronger 

products, resulting in a reduction in their 

environmental footprint 

- Works toward a fossil-free steel making process 

- Develop a fossil-free value chain with supplier and 

energy provider 

- Energy flows are recycled in the production process 

in order to improve the energy efficiency.  

Company C 1. Legal/Regulatory 

requirements 

- Most important requirements, because if those legal 

requirements are not followed, then the products 

cannot be sold in the market.  

- Follow the standards 

- Since the products are sold globally, have to consider 

the regulations in the global view as well 

- Environmental regulations – it’s a dynamic process. 

Constantly follow up the updates. Those 

environmental regulations keep updating and keep 

track on what kind of materials are used in the 

products and so on. Need to know all the time what 

substances are allowed and what are not.  

- When developing product, have to look forward in the 

future, because those are evolving all the time. 

 2. Customer requirements  - There are a lot of electronics inside the products and 

the requirements in the product like water resistance, 

outdoor conditions are very demanding 

 3. Material requirements - Focus on environment usable products  

- Take into account the environmental aspects wherever 

it’s possible – trying to choose the ecological options 

and environmentally sustainable options  

- Sets the bar for the material 

 

4.3.3 Environmental stakeholders 

The complications of environmental concerns demand the need for the design team to 

conduct research, engage stakeholders, and get information from them. Stakeholders have 

information that may benefit the product life cycle design process, which is essential for 

developing environmentally friendly products. There are stakeholders actively 

participating in product development that is primarily based within the company. Other 

stakeholders are not directly involved in the product development process but 

significantly impact producing sustainable products; suppliers, customers, investors, 

peers/competitors. Figure 14 shows a simple model of a network of stakeholders around 

the product development at interviewed companies. 
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Business groups 

Business groups directly influence the product development process at Company A. They 

are making products and providing as a point to sell products or as a service. Througho ut 

the company, there is a flow of communication with the business groups. They can have 

control from the central standpoint or design for environment requirements, guidelines, 

best practices, tools, etc. 

Quality team/experts/product design team 

Anything related to the design of the product is a stakeholder. For Company A, they are 

the product design team that designs the product and directly relates to product 

development. The product is designed and developed according to the requirements. At 

Company B, they are experts, or the people responsible for making sure that they follow 

all the safety, legislation, and requirements and other people who follow the 

environmental and social aspects. So, they have roles inside the company, and those 

experts help the organization fulfill what is expected and what is needed. At Company C, 

they are the quality team as a stakeholder who considers the environmental aspects of the 

product design. The quality team consists of people from different departments such as 

IT, mechanical, electronics. They work together for selection, ideation, development of 

the product throughout the entire product life cycle. 

Customers 

Customers are one of the most important environmental stakeholders for all of the 

interviewed companies. The needs and requirements of the customers are realized at an 

early phase of the product development process, and the company uses this information 

for concept creation and the design of the product. Customers are an important 

stakeholder for Company A because they buy the products and services. The company 

wants to know from their customers what their needs are and what requirements the 

company needs to meet from the customers and their end-users. So, all of that information 

from the customers gets rolled together in getting input for the product design and 

creation, and DFE experts track the input changes. The big customers for Company B are 

the construction and automotive businesses. Both customers have very strict requirements 

for the products that they cannot contain anything that can be harmful to the people and 

the environment. Inquiries from customers are increasing all the time, for example, 
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regarding the chemical content of the product and the possible hazardous elements that it 

may contain. So, the company needs to consider this during product development, try to 

create a product with new features and qualities, and assure that the company does not 

need to add any hazardous substances. The company must make sure that they help their 

customers do good and sustainable business. By doing that, they add value to their 

customers and strengthen customer relationships. Thus, customers are the main 

stakeholders for Company B. 

Supply chain/suppliers 

The supply chain comes in the first place for Company A because they have a very deep 

supply chain with many tiers, and they interact with them. For example, Tier 1 is involved 

mainly in directly buying parts from the suppliers in the sub-assemblies. They work with 

them to make sure that they are looking at environment and sustainability the same way 

the company is looking at, and they are under ISO 14000, etc., and doing things with 

continual improvement. And then they get into other tiers to some extent. For instance, 

they have to track down a source of material, so they need to know where the sourcing of 

certain materials comes from. So, that gets deep into the supply chain, and thus they are 

an important stakeholder. Similarly, for Company C, in the sourcing phase, when 

selecting the materials, the supplier is the main stakeholder.   

Investors/investment community 

Investors or investment community are considered as a stakeholder for Company A that 

invest in the company in different ways. The investment community gets all the 

information regarding the carbon footprint, or any input changes through the company’s 

annual report. They want to either produce products, invest in products or want to directly 

buy the stock. Company B and Company C didn’t particularly highlight the investor as 

their prime stakeholders.  

Peers in the industry 

Peers in the whole electronics industry are the stakeholder for Company A as they are 

working in a trade association. They are one of the companies that buy components from 

suppliers or individual power is not extreme. Company A are cooperating in a certain 

number of aspects with their peers in the industry to address certain kinds of issues and 
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to have electronics product manufacturers towards their supply chain and to make 

changes together. Thus, Company A considers peers in the industry as their stakeholder. 

 

Figure 14. A model of network of environmental stakeholders around product 

development process at the interviewed companies. The two-way arrows indicate the flow 

of communication regarding the environmental aspects at the companies. 

4.3.4 Environmental stakeholder (ES) classification  

Special frameworks or methods are not used for prioritizing or categorizing the 

environmental stakeholders at neither of the companies interviewed. The companies 

recognize the stakeholders as internal vs. external stakeholders. Internally, they are within 

the company. They are the experts or the product design team, or the quality team 

involved in designing the product and who take care of the environmental requirements. 

So, they control and manage the design for environment requirements, guidelines, 

practices, and tools throughout the product life cycle. For Company A, the interna l 

stakeholders are the business groups and the product design team who design the product 

and have a direct connection with the product development process. They are the experts 

at Company B who are responsible for ensuring that all safety, legislative, and regulatory 

standards are met and for complying with environmental and social responsibilities. At 

Company C, the internal stakeholders are the quality team responsible for taking care of 

the environmental aspects during the product design.  
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Externally, they are outside the company but have direct connections with the product 

and its usage. The external stakeholders recognized from the interviewed company are 

the supply chain or the suppliers, customers, investors, and peers in the industry. For 

Company A, the external stakeholders are the supply chain, customers, investment 

community, and peers in the industry. For Company B, customers are the most important 

environmental stakeholders. Similarly, they are the suppliers and customers for Company 

C.  

Table 8. Environmental stakeholders in studied companies 

Interviewed 

Company 

Environmental Stakeholders 

 Internal Stakeholders External Stakeholders 

Company A 1. Business Groups 

- That are making products and in  

providing them either as a point to 

sell products or as a service 

- They can control and ask from 

central standpoint or use to design 

for environment requirements, 

guidelines, best practices, and 

tools, etc.  

1. Supply Chain 

- Supply chain is in the first place. 

Work directly with them to make 

sure that they are looking at 

environment and sustainability in 

the same way.  

- Gets deep into supply chain 

 

 2. Product Design Team 

- Those designing the products. 

They have a direct association 

with product development 

2. Customer 

- They buy the products and 

services and company want to 

know from the customers what 

their needs are, what requirements 

company needs to meet from the 

customers. 

 3. Investor and Public Community 

- They want to either produce 

products, invest in products or 

want to directly buy the company 

stock, for example. 

- Company publishes an annual 

report that gives all information as 

to how the company meets not 

only the environment but also the 

social aspects, and the people 

aspects.  

- Investors get all information  

regarding the carbon footprint 

 4. Peers in the industry 

- Operating in a certain number of 

aspects with the peers in the 

industry (not only 

telecommunications industry but 

the whole electronics industry) to 
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have electronics product 

manufacturers towards the 

company’s supply chain and to 

make changes to help to work 

together.  

Company B 1. Experts 

- People who are responsible for 

making sure that the company 

follows all the safety, legislation, 

and requirements. And other 

people who follow the 

environmental aspects and social 

aspects.  

1. Customers 

- The most important stakeholders.  

- The company must make sure that 

they help their customers to do 

good and sustainable business and 

by doing that, they add value to 

their customers and strengthens 

the customer relationships.  

- The main customer segments 

include automotive, building 

construction and infrastructure, 

industrial applications, heavy 

transport (inc. marine), energy, 

construction machinery, and 

service centres.  

Company C 1. Quality Team 

- There are people in IT, mechanics  

and electronics who work together 

for the selections, ideation, 

development and so throughout 

all the phases of the product life 

cycle. They are the one who take 

care the environmental aspects in 

the design of the product.  

1. Suppliers 

- In the sourcing phase, when 

selecting the materials – is one of 

the main stakeholders  

2. Customers 

- The customers who buy and use 

the products 

 

4.3.5 Environmental requirements management during product development 

process 

The environmental aspects of the product are considered in every company. There are 

systematic procedures throughout the product development process to track and manage 

the environmental requirements (ER) to strive for the systematic flow of product 

development from the initial phase until the end. At every company, coordination and 

communication occur between different individuals and teams so that all the departments 

have the knowledge and understand the requirements imposed on the product. They have 

constant tracking of the requirements throughout the stages of product development in 

every company. So, if there are any changes in the requirements during the product 

development process, they can track and modify the product as needed. 
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Table 9. Requirements management in studied companies 

 Requirements Management 

Company A - Constantly checking what input is changing 

- There is a separate group who deals with supply chain aspects and the environmental 

aspects 

- There are people who work on understanding what requirements need to be put on the 

supply chain and what updates are coming about, for example, new requirements, new 

restrictions, etc. It could be legislative in nature or it could be voluntary that the 

company decided to exclude. 

- There is a team called customer experience that relay directly to the customers and get 

feedback about the products, their expectations, what they want to see in the next 

generation, etc. and that comes to the product design team.  

- Substances and materials that should not be using or want to avoid are listed in the 

company’s substance list and is updated annually. So, whenever there is a change, that 

is directly communicated to the suppliers and the development community, and 

similarly, whole set of environmental requirements that are the part of DFE program 

are reviewed and updated annually. 

- There is a gradual change, basically, any product that is being developed, if the hard 

requirements change and that will have an impact on ongoing design and may even 

have impact on products that have been designed in the past.  

- It is a continuous program of updating requirements and if needed updating products. 

Company B - The requirements may change depending on the time span 

- Sometimes the product development can take 2-3 years and there might be some new 

requirements coming up and then the company must go back and see that they fulfil 

all the requirements. 

- Basically, the company knows from the start the requirements the product must fulfil 

and then if the legislation changes or the other requirements changes, then they must 

go back and do another loop and see if they need to change that the legislation is 

different. 

- There is in-house training for chemical legislation and customer requirements.  

- People starting from R&D to the production and to packaging and sales, all 

departments understand what requirements are and they know what they need to ask 

from suppliers who delivers the materials so that they are able to tell the suppliers what 

the requirements are and what the customers’ demands are.   

Company C - The company established a process to keep all the relevant standards up -to-date and 

the company review those standards and requirements regularly. Especially, when a 

new project is started, all the relevant standards and requirements that have to be used 

and fulfilled in the coming products are reviewed.  

- There is list of requirements and standards which is updated twice a year. 

- The typical product development process from the very start until it is in the market is 

about 2 years.  

- There might be some changes, definitely. Thus, the company need to be proactive and 

try to understand beforehand what was coming so that they don’t run into problems at 

some point during the product development phases. 
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4.3.6 Strengths and challenges 

Strengths 

Not all the interviewed companies have a DFE approach, but all consider the 

environmental aspects during product development and have sustainability targets. All of 

the interviewees realize different strengths of implementing the DFE approach or 

considering the environmental aspects during the product development process in 

different ways. For example, at Company A, assessing environmental aspects helps 

designers understand what new materials and components they are using and what new 

products they are planning. Company C focuses on creating a safe product so that its 

customers can be assured of the safety of their product. 

Challenges 

There were no severe problems in executing the DFE approach or implementing the 

environmental aspects in any of the interviewed companies. However, there are some 

challenges they may face in the future, or the or ones facing currently. Company A 

highlighted that one of the significant challenges in the electronics industry is the constant 

change taking place as the electronics industry is evolving rapidly and new technology is 

coming quickly. Company B stated that there might be issues in having control over the 

material. Finally, company C noted that the problems might arise due to conflic t ing 

requirements. Also, it can be difficult to constantly balance the high demands and the 

environmental aspects of the product. 

Table 10. Summary of strengths and challenges of the DFE approach at the studied 

companies 

 Strengths Challenges 

Company A - helps in understanding what new 

materials and components are using., 

what products they are planning 

- early involvement of DFE approach 

in the design minimize the costs and 

reduces the number of development 

engineer needed for developing new 

product. 

- gives a view of what is coming ahead, 

what is going on and what will the 

- constant change in electronics industry. 

Electronics industry is evolving very 

rapidly, new technology is coming quickly. 

The industry is very high-tech, that means 

the process that are used to make the 

components are highly complex.  

- Legal restrictions – the legal requirements 

seem to focus on all aspects but 

independent to each other. So, while the 

company might be adding certain 

substances to reduce the energy use, at the 

same time the substance may make a legal 
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company need to adjust in coming 

future. 

- helps in meeting the sustainability 

targets at the end. 

restriction. So, at the end of the process it 

may happen that the materials cannot be 

used because one of the substances 

presents is restricted.  

Company B - more safety from the product can be 

assured. 

- There is requirement that the company 

should increase the amount of recycled 

material in the product, and then that can be 

a challenge. It is because when you start 

from virgin raw materials, or pure raw 

materials, you know exactly what is in 

there. But, when there is a requirement that 

you must have at least 30% of recycled 

material in the product, then you don’t have 

such a control over the material anymore. 

So, that can be one of the biggest 

challenges. 

- can’t be sure if everything is not analysed 

and that can be quite challenging as well.  

Company C - easy and helpful in choosing 

environmental materials  

- produce environmentally friendly 

product 

- conflict of requirements.  

- There is high level of standards that the 

product is good, usable, durable and so on 

that the company have to achieve and at the 

same time the company have to use 

materials which are capable for that and 

then as much as possible provide 

environmentally friendly products but 

there might be a conflict. 

- Constant balancing between the high 

demand, and materials, and environmental 

aspects.  

 

4.4 Synthesis 

The generic environmental stakeholders and the requirements have been presented in 

sections 4.3.2-4.3.4. The environmental stakeholders and their requirements must be 

realized during the initial phase of the product development process. The ultimate goal of 

utilizing the DFE concept is to create sustainability capabilities, and analysing key 

environmental stakeholders and requirements is the cornerstone to achieving the DFE 

goals.  

The types of DFE stakeholders are two-folded. First, from the viewpoint of power to 

influence the decision-making during product development, the environmenta l 

stakeholders are internal stakeholders from inside the company who actively participate 

in the product design and development process. Second, from the indirect participat ion 
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viewpoint, they are external stakeholders from outside the company who do not have 

power in decision-making but have substantial influence in the product design and 

development process. The key environmental stakeholders carry key environmenta l 

requirements that the company must consider in making discrete changes in the new 

product development process.  

 

 

 

 

 

Figure 15. Design for environment stakeholders can be internal and external and carry 

key environmental requirements that are important for product development process 

Perspectives towards design for environment 

Not all the companies in this study have recognized or presented the DFE as a concept in 

the conceptual systems. However, the environmental aspects of the product are 

considered and integrated early in the product development process. This defines the key 

activities that drive the execution of DFE for the creation of sustainability capability.  

Out of three interviewees (three companies), only one recognized the ‘design for 

environment’ concept, while the other interviewees reflected the aspects of the 

environment. In that sense, the design for environment is comprehended by the companies 

even though it is not regarded and utilized as a separate concept.  

Two of the companies did not have a comprehensive view of the concept but instead 

perceived DFE as an environmental viewpoint to be addressed during product 

development. All design for environment (DFE) activities appear to have been linked to 

the product development process, supporting the general responses obtained in the 

interviews.  
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From the interviews, it became clear that the activities related to DFE or simply 

environmental aspects during the product development process are considered very 

essential. The DFE process or its relevant activities as a concept are seen as continuous 

development and improvement, with long-term benefits acquired by attentive and 

sustainable design engineering work. 

Focusing on design for environment implementation 

The empirical material in this study is mainly concerned with integrating the DFE 

activities while keeping focus on improved product design and sustainability creation. 

Interviewees considered the approach to implementing the DFE concept or environmenta l 

issues during product development was adequate for their objectives.  

From the interviewees, a thorough analysis can be noticed. At first, the company should 

consider environmental issues in order to fulfil product design requirements, as well as 

sustainability goals. The company needs to include strategic perspectives or life cycle 

thinking, as long-term sustainability may drive the design team to reassess their product 

approach. Design aspects may include the company analysing the material's recycling, 

reusing, and recovering prospects, and determining the level of unwanted emissions and 

energy consumption during the product development phases. Second, the company 

should monitor or define environmental or sustainable targets or criteria at the init ia l 

phase of the product design process. These sustainability requirements and targets are 

weighted equally with other activities and operations in the product development process.  

Thirdly, the company should focus on identifying and classifying the environmenta l 

stakeholders and their requirements. And ultimately, the company should integrate all the 

activities regarding all the environmental aspects into the design process. DFE activit ies 

or the DFE process focus on optimizing the product development process, selecting raw 

materials, optimizing energy efficiency and providing sustainable solutions for product 

design and development.  

The empirical findings in this study identified activities or themes related to design for 

environment aspects that are important to the success of the product development and 

creation of sustainability capability (Table 11).  
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Table 11. DFE activities and the sustainable actions for the creation of sustainable product 

development  

Key activities/themes Actions and their significance for integrating environmental aspects 

into product development for sustainability capability creation 

Strategic/life cycle 

perspectives 

Include lifecycle perspectives in product development to address 

environmental issues. Company set a focus for sustainability -driven 

amendment in product development related to the creation of sustainable 

product.  

Sustainablity target 

setting 

It is important to set the sustainability target in product development to 

conduct sustainability-driven changes and solutions. 

Stakeholder analysis and 

classification 

Environmental stakeholders ought to be identified and classified who have 

direct or indirect influence in making impact on sustainable product 

development. Stakeholders may have direct decision-making power during 

product development. 

Analysing and 

prioritizing stakeholder’s 

requirements 

Environmental requirements of different stakeholders need to be analysed 

so that those requirements are considered during the product development. 

The design team should make sure that all the requirements are fulfilled , 

and all the environmental issues are considered. The requirements may need 

to prioritise according to their importance during different phases of product 

development 

Early phase To ensure environmental adaption of products and hence create sustainable 

capability, all activities and environmental issues must be integrated early 

in the product development process. 
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5 ANALYSIS AND UTILIZATION OF KEY 

STAKEHOLDERS AND ACTIVITIES OF 

‘ENVIRONMENT’ 

Whereas design for environment supports a general approach to sustainable product 

development, sustainability capability creation itself is a process that results from the 

inclusion of different activities or DFE processes during the product development 

process. Considering how different activities can be combined, it is essential to look at 

the generic process for creating sustainability capabilities. The main idea of DFE is to 

identify the main environmental stakeholders and analyse and prioritise their 

environmental requirements during the initial phase of product design, which then creates 

the sustainability capabilities as the product development progresses. 

The key findings are discussed below in Figure 16, which illustrates the different 

stakeholders of environment that need to be integrated during the early phase of the 

product development process. Based on the empirical results of this study, the key 

stakeholders or critical activities of the environment were divided into four significant 

tiers to highlight their relative relevance during the product development process in 

creating sustainable capabilities. This categorization into four tiers reflects emerging 

perspectives on the relationship between various DFE activities and the process of 

creating sustainability capability. 

Each of the activities within the DFE process should be implemented in product 

development to create sustainability capabilities. The activities or processes need to be 

integrated with other activities and carry equal weight. For example, life cycle thinking 

is the initial process or activity that the company has to consider because they want to 

produce an environmentally friendly and sustainable product. After they have the 

lifecycle thinking approach, they know their sustainability targets, what they want their 

product to be, and how their product may impact people and the environment. These 

should be the preliminary activities or processes in DFE or the sustainability capability 

creation process.  

The DFE process needs to combine the environmental stakeholders and their 

requirements during the initial phases of the product development process. It is needed to 

identify the key environmental stakeholders who are influenced or who can influence the 
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product development process and who are interested in realizing the sustainability targets. 

The stakeholders should be classified and prioritized. The environmental requirements 

produced by the environmental stakeholders should be prioritized and balanced to 

systematically simplify their key stakeholders and requirements, resulting in better 

decision-making and focusing on the product development process to fulfil the 

sustainability targets and ultimately create sustainability capabilities. 

 

 

 

 

 

 

 

 

 

 

 

Figure 16.  Key activities/stakeholders of environment 

5.1 Setting the target for environmental development 

For any new product development project to be started, it should be clear what the purpose 

of development is, what needs the products are fulfilling, what the end product is like, 

and the main target at the end of the process. Whether environmental improvements and 
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actions linked to environmental issues in the electronics industry enhance sustainab le 

development is a common question when discussing environmental improvements and 

activities. This is the subject of integrating DFE practices into the product development 

process and doing the right things to make a significant difference in the overall 

environment.  

Sustainability capabilities indicate the ways in which the industries constantly reconfigure 

design for environment concepts to achieve sustainable performances (Singh and El-

Kassar 2019) during product development. Moreover, sustainable capabilities imply how 

industries are involved in developing their products, using the materials and resources in 

an efficient way to make the products sustainable. Design for environment (DFE) is an 

emerging concept that improves the environmental performance of electronics industr ies 

and thus approaches towards creating sustainability capabilities. DFE is an organized 

approach to address the key stakeholders and requirements in the early phase of product 

development and sustainability capability creation. Sustainable capabilities are a result of 

the performance of the company through the successful implementation of DFE. 

However, creating sustainable capabilities during the product development process has 

not been defined in the earlier literature. The efficient production of sustainable products 

is highly influenced by the early sustainability capability creation activities within the 

new product development process. The creation of sustainability capability aims to 

develop an efficient, economical, and sustainable product based on the DFE process. 

5.1.1 Life cycle thinking 

Effective DFE implementation requires lifecycle thinking and an assessment of the 

environmental impact of a product and the corresponding environmental targets (Choi et 

al. 2008). The environmental aspects of the product are initiated and captured by taking 

the lifecycle perspective into account, the outcome of which is directed towards 

introducing the targets for sustainability creation, which can be considered as the 

preliminary activity or steps in the sustainability capability creation process. Lifecyc le 

thinking allows the designer to think about the reuse, recycling, and recovery concepts 

after the end of the products and intend to set the product design that fulfills those 

attributes into the products. From lifecycle thinking, the industries need to keep the 

materials of the products in a sustainable and closed-loop system so that to influence the 

situations of environmental sustainability (Ulrich and Eppinger 2011). A complete life 
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cycle (Figure 17) includes stages from the extraction of raw materials to manufactu r ing 

processes, distribution, product usage, and end-of-life reusing, recycling, or recovering 

the product and its components and disposal of the product and its components (Telenko 

et al. 2008).  

The life cycle thinking concept should be considered as the first step during idea 

generation and new product creation. Therefore, the sustainability capability creation 

process should start with integrating the life cycle concept with the stakeholders that are 

associated with the product development process (Jeganova 2004). 

 

Figure 17. Life cycle thinking should include in product development to address the 

environmental issues 

5.1.2 Sustainablity targets 

The sustainability targets should be set during the initial phase of product development. 

The primary goal of new product development is to fulfill these environmental targets. 

Environmental targets will need to align with the demands of the stakeholders. The targets 

should be broad and specific to provide consistent direction for the DFE process 

(Fitzgerald et al. 2007). Sustainability capabilities are, in a sense, can be considered as 

these sustainable targets to be fulfilled. Sustainability capabilities are created once these 

sustainability targets are fulfilled through a new product. The sustainable capability 
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creation process seeks to minimize the environmental impacts through the efficient use 

of materials and energy and ensures the production of healthy, sustainable products. 

The results of this study highlighted key sustainable targets (Figure 18) for electronics 

industries that need to be considered at the beginning of the product development process 

as the initial stages of DFE process in creating sustainability capability.  

 

 

 

 

 

 

 

 

 

 

Figure 18. Sustainability targets are set at the beginning of the product development phase 

to conduct the sustainability-driven changes and solutions 

5.2 Identifying and analysing environmental stakeholders  

At the beginning of the project, the main task for creating the sustainability capability is 

to set a clear definition that includes the project goals and the sustainability targets. The 

definitions lead to the recognition of which types of environmental stakeholders are 

required (Razali and Anwar 2011). Stakeholders are people or organizations that offer 
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specific values and preferences to a project (Razali and Anwar 2011) and are involved 

directly or indirectly in the decision-making process during product development (Vogler 

et al. 2017). Environmental stakeholders are influenced or have an influence on 

environmental aspects of product development and are involved in the sustainability 

creation process. These stakeholders can be internal or external, both having specific roles 

in the product development process. Internal stakeholders are formal members within the 

organization, and external stakeholders are informal members outside of the organiza t ion 

but have a great extent of influence on the product development project (Majava et al. 

2015). The results of this study suggest key internal stakeholders such as business groups, 

experts, product design teams, or quality teams, and key external stakeholders such as 

customers, suppliers, investors, and peers in the industry (Figure 19), that have an impact 

on the product development process and the creation of sustainability capabilities. 

 
 

Figure 19. Environmental stakeholders and classification 

Each stakeholder has different environmental interests and demands that the company has 

to meet to a significant degree. In addition, each stakeholder has a different decision-

making influence in product development. Thus, it is necessary to prioritize stakeholders 

based on their influence on decision-making and requirements in the organiza t ion 

(Fitzgerald et al. 2007). This study does not focus on making salience assessments. 

However, the environmental stakeholders are documented based on their influence, if 

they have more power, legitimacy, or urgency. Table 12 documents the classifications of 

environmental stakeholders based on power, legitimacy, and urgency.  
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Table 12. Environmental stakeholders and their classifications attributes based on power, 

legitimacy, and urgency 

Environmental Stakeholders  Descriptions Classification 

Attributes 

Internal Stakeholders 

Product Design Team/  

Experts/Business Groups 

- they have direct decision-making power over 

the product features, material selections, and 

so on.  

- they are liable for fulfilling and complying  

with all the legislation and regulations during 

the product development process. 

Power, Legitimacy 

External Stakeholders 

Customers - the company should pay precise attention on 

what customers are requesting. Their 

requirements and needs are urgent matter that 

needs to be analysed and notified.  

- they don’t have decision making power over 

the product development process.  

Urgency 

Suppliers - suppliers should look environment and 

sustainability in the same way the company is  

looking at.  

- suppliers provide environmentally friendly  

products and materials complying with rules 

and regulations.  

- They maintain their value by discontinuing 

supply of a product or materials if they realize 

that the company is not complying with  

regulations or if the company is unwilling to 

accept more environmentally friendly  

products or materials 

Legislative, 

urgency 

Investors - they have power to influence public reactions 

for or against the organizations  

- they might not have direct decision-making  

power, but they are involved in decision-

making process during the product 

development and they have all the information  

regarding the sustainability aspects of the 

products  

- company needs to regularly update and 

provide the information regarding the product 

development process.  

Power, urgency 

Peers - the company operates with peers in certain 

number of aspects, when dealing with supply 

chain, or making changes to work together 

- similarly, it is important to track what the 

peers are producing and if they are considering 

the environment and sustainability issues as 

well.  

Urgency, 

legislative 
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5.3 Analysing the stakeholder’s requirements 

The environmental stakeholders produce different kinds of environmental requirements, 

and the companies move towards sustainability creation motivated by these 

environmental requirements from the stakeholders (Bai and Sarkis 2010). Design for 

environment activities includes analysing and prioritising these environmenta l 

requirements that the company needs to consider during the product development process, 

and it is a crucial activity of the sustainable capability creation process. The stakeholders’ 

requirements are analysed based on their importance in fulfilling the objectives with three 

different companies.  

Figure 20. Most important environmental requirements for electronics industry 

Figure 20 shows the environmental requirements that are most important for the 

electronics industry in fulfilling the sustainable objectives and thereby creating the 

sustainability capabilities. The four important environmental requirements are material 

and energy requirements, customer requirements, legal requirements, and voluntary 

requirements. Figure 21 in other hand displays mapping of different environmenta l 

requirements produced by different environmental stakeholders. 
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Figure 21. Environmental requirements from different environmental stakeholders 

5.4 Balancing the requirements during product development   

All the requirements produced by the stakeholders are not, or may not be, of equal 

importance. Furthermore, the requirements of various stakeholders may conflict with 

each other. Thus, the requirements must be balanced during the product development 

process (Bendjenna et al. 2012). Therefore, the requirements have to be prioritized and 

defined at what stages of the product development process they should be involved. This 

study does not focus on prioritizing environmental stakeholders based on a specific 

framework, but the requirements are prioritized based on flexibility and level of 

importance. Figure 22 shows a simple pyramid for prioritizing environmenta l 

requirements based on their level of importance. 
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Figure 22. Environmental requirements prioritization based on level of importance 

This study indicates that legal requirements are the most critical environmenta l 

requirements because they are hard requirements and cannot be changed or altered. There 

is no negotiation with legal requirements. The company must follow and fulfil all the 

regulations and rules that come around product development. The legal requirements 

must be involved during the initial phase of the product development process, and they 

should be regularly updated throughout the development process. The legislation can be 

changed at any point during the product's development, and the company should be aware 

of it. So, legal requirements should be involved from the initial to final phases of product 

development.  

The second most important set of requirements are the customer requirements. The 

company must meet the needs and demands of the customers. However, they are not hard 

requirements. They can be negotiated to a certain extent. The customer requirements may 

include selecting materials, durable products, reusable products and their components, 

environmentally friendly products, and ultimately product costs. At the beginning of the 

product development phase, customer requirements should be considered to design the 

product based on the customer’s needs and requirements. Customer requirements may 

change during the later phase of the product development process, and it may need to 

make changes at this stage of the development process, depending on the type and extent 

of demands and requirements of the customer.  
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Then come the material and energy requirements. Companies want to minimize the use 

of materials and energy in their products. Moreover, it is important to look at the 

environmental aspects when selecting materials. Also, the company tries to improve 

energy efficiency during different phases of the product development process. Therefore, 

the material and energy requirements should be considered in the early phase of the 

product development process, and they should be considered throughout the development 

process. The material requirements run parallel with the legal requirements in the product 

development phase. Legal requirements may include the selection of material types, and 

thus, if legal requirements regarding the material and the components change during the 

development process, they have to be changed.  

Finally, the least important requirement, which is still a part of environmenta l 

requirements, is voluntary requirements. This requirement comes from the viewpoint that 

the company wants to change the world and contribute towards sustainable development. 

They might not be bound by legal or customer requirements, but they want to do 

something good for the environment and society. For instance, they want to minimize 

unrecyclable materials and components in the product because they want to contribute. 

So, they have these kinds of voluntary requirements in place. The voluntary requirements 

are recognized during the initial phase of the product development process.  

Overall, all of these environmental requirements are associated with the creation of 

sustainability capability. Therefore, the company must consider all environmenta l 

requirements during the early phase of the product development phase. Figure 23 

describes in detail the involvement of environmental requirements during the product 

development phases. 
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Figure 23. Environmental requirements involvement during stages of product 

development process. All the requirements are important to be involved and recognized 

during the initial design phase of product development process. As the product 

development progresses, the importance of these requirements becomes minimum, but 

still need to consider and update the requirements until the end of the product 

development process. Voluntary requirements may not have to be changed at the later 

phases of product development 

5.5 DFE integration into early phase of product design and development 

process 

The product design and development process may vary from company to company and 

between different products. Thus, the process of integration of environmental aspects may 

vary too independently within a company. However, the generic approach and the 

intention can be similar and can be summarized.  

The decision-making process should be done in the early stage of the design phase of the 

product. According to Ramani et al. (2010), decisions made during the early phase have 
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the potential to affect 70-80% of manufacturing costs while also having an impact on the 

environment through the use of hazardous materials and substances, which can result in 

environmental harm during the production, use, and disposal phases of the product's life 

cycle. Thus, integrating environmental aspects into the early product development phase 

is crucial to developing sustainable products and achieving environmental objectives. 

 

Figure 24. An overview of DFE integration into product development process 

The DFE concept can be viewed from different perspectives and can be defined 

differently depending on the type of industry and its necessities. The perspectives on the 

environment for different companies are summarized in section 4.3.1. Not all companies 

regard DFE as a discrete product development concept. However, all of them consider 

the environmental aspects of product design and the development process, which implies 

that they follow the idea of DFE to some degree. To fully realize the potential of the DFE 

concept, it must be further explored and incorporated into the product development 

process to extract its value and direct the industry toward more sustainable development.  

The focus of DFE should be simplified. "E" represents the environment and should be 

considered during different lifecycle stages such as material use, manufactur ing, 

distribution, product use, and end of life. However, DFE as a concept should be 

implemented early in the product's design phase to assure that the environmental impacts 

of the product's lifecycle are recognized before further decisions are made in product 

development. Therefore, DFE needs to integrate a variety of operations, includ ing 

environmental impact assessments, data collection and management, design optimiza t ion 

(Choi et al. 2008), sustainability goals, stakeholder analysis, and analysis and prioritizing 

the stakeholders' requirements. 
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6 CONCLUSIONS 

6.1 Contribution of the research 

This study had three major aims: (1) to briefly describe and study the design for 

environment and capability creation concept, (2) to analyse the generic design for 

environment stakeholders and their requirements, and (3) to review how the stakeholders 

and requirements can be combined. In chapter 2, the design for environment and 

capability creation based on literature analysis and preliminary answers to the first 

research question were provided. In chapter 3, the methodology used for this study was 

described. In chapter 4, the practices of the electronics and high-tech industries and the 

answers to the second research question were addressed. Finally, in Chapter 5, further 

analysis on stakeholders of environment was performed for practical applications, thereby 

addressing the third research question. 

RQ-1: How can design for environment and capability creation be combined into a 

unified sustainability concept? 

Design for the environment is an approach to the product development process that aims 

to improve the environmental capabilities across the product’s entire lifecyc le. 

The central aim of design for environment is to achieve sustainability targets, and design 

for environment aids product development in achieving sustainability capabilities. Design 

for environment and sustainability capability creation are counterpart activities that 

support one another in a cycle. They both impose and make use of identifying and 

assessing critical environmental stakeholders during the product development process for 

long-term sustainability. During the initial product development phase, the sustainability 

capability creation process focuses on the design for environment product aspects, 

attitudes, targets, and related actions and requirements. The sustainability capability 

creation process focuses on developing strategic sustainable products.  

DFE implementation in new product development influences environmental execution in 

facilitating sustainable product design. With the environment as a significant X, early 

integration of design for environment in product design is critical to comprehens ive  

sustainable capability creation, with sustainability being the primary capability developed 

at the end of the product development process. Thus, design for environment to product  
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development process improves product competitiveness by ensuring 

sustainability creation. 

The design for environment and capability creation are interlinked to each other and 

should not be considered as two different aspects or concepts. While design for the 

environment focuses on environmental or sustainable aspects of the product, the 

capability creation process focuses on improving product design and ensuring effic ient 

product design and implementation through pre-planning and a set of supportive actions 

and activities. The capability creation process may fill the voids in the design phase, with 

fundamental DFE activities and processes serving as cornerstones. In general, the 

execution of the capability creation process is aided by a generic design for environment 

process, where sustainable product design or sustainability as a combined concept can be 

used to define design for environment and capability creation (process) when considered 

together in the product development process. 

RQ-2: What are the generic DFE stakeholders and requirements for product 

development? 

Because of the increasing complexity of environmental issues, the design team must 

undertake research, actively engage stakeholders, and acquire knowledge and 

information from them. Stakeholders provide information to help with the product life 

cycle process, which is critical for designing environmentally friendly products. There 

are two types of DFE stakeholders: the first is internal stakeholders, who are from within 

the organization, actively participate in the product design and development process, and 

can influence decision-making during product development. From an indirect 

engagement viewpoint, the second type is external stakeholders outside the organiza t ion 

that do not have decision-making authority but significantly impact the product design 

and development process.  

This study has presented a simple model of network of environmental stakeholders (see 

fig. 14 and table 8) around product development in the electronics industry. The key 

internal stakeholders are business groups, the design team, the quality team, and experts 

who directly influence the product development process and who have the power to 

control from the standpoint of using design for environment activities, processes, and 

requirements.  
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The primary external environmental stakeholders are customers, who are the end-users of 

the product; suppliers/supply chain, where the sourcing of materials comes from; 

investors or the investment community that invest in the company in different ways; and 

the peers in the industry who cooperate in a certain number of aspects to address certain 

kinds of issues and to have electronics product manufacturers towards their supply chain 

and to make changes together.  

The key environmental stakeholders carry essential environmental requirements that the 

company must consider while making distinct changes and improvements in the new 

product development process. The generic design for environment requirements (see 

table 7) for product development includes legal requirements, customer requirements, 

materials and energy requirements, and voluntary requirements.  

RQ-3: How can stakeholders and requirements be combined in the generic level to 

fulfil environmental requirements? 

The extended model has been suggested in chapter 5 (fig 16) to describe how to combine 

stakeholders and requirements to fulfil environmental requirements.  

Design for the environment provides a comprehensive framework for sustainable product 

design. The creation of sustainability capabilities is a process that comes from integrat ing 

various DFE activities during product development. Therefore, assessing the generic 

process for developing sustainability capabilities is crucial when analysing how different 

activities could be integrated. The fundamental idea behind DFE is to identify the 

significant environmental stakeholders and analyse and prioritize their environmenta l 

requirements during the initial phase of product design, which subsequently results in the 

creation of sustainability capabilities as product development proceeds.  

The key stakeholders or activities of the environment were categorized into four 

significant tiers based on the empirical results of this study to emphasize their significance 

during the product development process in fulfilling sustainable requirements. The 

tiers represent emerging insights on the connection between various DFE activities and 

the process of developing sustainability capability. 
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The first tier represents the lifecycle thinking approach the organization must consider 

producing an environmentally friendly and sustainable product. The second tier is setting 

their sustainability targets. Sustainability targets should be identified early in the product 

development process. These environmental targets are the main objective of new product 

development. Environmental targets must be in line with stakeholder expectations. The 

targets should be extensive and detailed in order to give consistent guidance for the DFE 

process. These should be the preliminary actions in creating sustainable capabilities. The 

critical environmental stakeholders who impact or can impact the product development 

process should be identified and concerned with achieving the sustainability targets. The 

third tier is identifying and classifying the stakeholders. The fourth tier is 

the environmental requirements created by environmental stakeholders. They should be 

analysed, prioritized, and balanced to optimize the key stakeholders and requirements 

sequentially, resulting in improved decision-making and focus on the product 

development process to meet sustainability targets.  

6.2 Evaluation of the research 

Quality of the research is evaluated by its validity and reliability. Validity defined as “the 

issue of whether an indicator that is devised to gauge a concept really measures that 

concept” (Bryman 2012) measures the quality of a case study research, which can be 

constructed by using multiple sources of evidence and cross-verifying them 

(Kristinsdottir 2016). Validity can be construct validity, internal validity, and external 

validity (Yin 2014). Reliability assesses the consistency and repeatability of the research 

process (Yin 2014). 

Construct validity is the degree to which proper operational assessments for the concepts 

being studied can be identified. Construct validity may be strengthened by employing a 

variety of research materials, developing a chain of evidence, having key informants 

evaluate the draft report, and using similar metrics as in similar studies. (Yin 2014)  

A literature review and an empirical survey were employed as research methods in this 

study. The theoretical research was compiled from research articles and a few textbooks. 

For completing a literature study, research papers and textbooks were the most feasible 

and reliable sources of information. The most relevant aspects of the reading materials 
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were highlighted and categorized in constructing the correct structure of the theory in 

order to penetrate the concepts of design for the environment briefly. 

The questions were designed based on the theoretical study and addressed the key aspects 

of design for environment activities and viewpoints. The interviews were conducted with 

experts and persons at managerial levels who could answer the questions without 

difficulties. The responses were generic and could be combined. The basic concept and 

aims of the study were explained to the interviewers at the outset. As a result, the 

outcomes are broad and generic. However, the number of interviews, which was limited 

to three, could have been increased to improve the diversity of the answers.  

The research methodologies are described in detail in Chapter 3. In the empirical study, 

qualitative methodologies were applied, and the findings of the interviews were 

summarized and analysed. The conclusions have been developed based on the findings 

and analysis. 

Because the chosen measures are practical for the study, the overall construct validity of 

the study may be presented as an average. Although the number of interviews was low, it 

aided in conducting a more in-depth analysis. 

Internal validity is the extent to which the research methods used, the results of the study 

interpreted accurately and whether the research findings are within the quality of the 

interviews and are subjected towards the theoretical framework (Yin 2014; Saunders & 

Lewis 2012). To reduce the threat and construct internal validity, a valid interview guide 

and question topics were prepared that mainly consisted of questions regarding 

environmental perspectives and DFE/DFX approaches of the studied companies. Only 

selected companies were chosen for the interviews, who then decided, whether they were 

interested in helping with the research. The results and findings from the interviews were 

cross verified with the available literature and other secondary data such as company’s 

webpage and the background information about the company. The internal validity of this 

study can be stated as high.   

External validity is based on the research design. To reduce the threat to external valid ity, 

the participants were carefully selected. The study has been conducted on companies 

based on consumer electronics and high-tech industries who have integrated sustainability 
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into their business and whose products/services are based on sustainable approach and 

are based on Finland. Thus, the analysis made in this study can be considered as 

appropriate for the specific areas of industries, i.e., consumer electronics and/or high- tech 

industries. The approach and strategy may differ for other industries. The output of this 

study can be regarded as a generic analysis through the combination of literature study 

and the empirical results and can be pertinent to much wider range of contexts. The 

external validity of this study can be thus regarded as low.  

Reliability defined as “the degree to which a measure of a concept is stable” (Bryman 

2012) refers to consistency in findings through multiple data collection methods and 

analysis procedures (Saunders & Lewis 2012). There might rise the threat to the reliability 

of the research findings and conclusions because of certain biases and errors (Flikweert, 

2015). The participants were explained about the research topics and research goals in 

advance to reduce the subject bias. The participants were allowed to choose the time 

and/or ways they feel appropriate for the interview. Semi-structured interviews were used 

based on a list of relevant topics and predetermined questions. The interviews were 

recorded and transcribed for analysis to reduce the observer bias.  

It is very important to maintain the confidentiality and trust between the researcher and 

the research subjects for the quality and the authenticity of the research. The participants 

who participated in the interviews were pre-informed clearly about the research process 

and how their names and information would be used in the thesis to build the trust between 

the researcher and the participants. Permission to record the session was explicitly asked 

before conducting the interviews with the participants. No sensitive and/or detailed 

information about the company and/or their products were asked during the interviews.  

6.3 Suggestions for further research 

The DFE concepts have been discussed widely in the theoretical bases. However, its 

practical utilization and realization in the companies have not been explored sufficient ly. 

Moreover, there has been very limited research done in the electronics industr ies 

regarding the design for environment and its surroundings aspects. Further research 

should focus on assessing the performance of actual scenarios and making comparisons 

with experimental scenarios that use more organized DFE methods and approaches.  
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This study lays the foundation for future research into DFE-oriented methods for the 

design and development of electronic products and the connection between the design 

process and the product's life cycle pertaining to the implications for human and 

environmental health. Further study might involve analyses of specific attributes or 

themes connected to the design for environment approach to add to the issue and provide 

a holistic view of the DFE procedures used in the electronics industry. 

Researchers must be allowed to compare possible product design concepts with current 

product designs and should be provided with the opportunity to choose design constraints 

that improve the product's long-term sustainability. Further research on the topic would 

include the practical development of such DFE tools. The DFE tools must therefore be 

able to assess different design options and draw significant results. 

Further research in this area could be focused on the environmental information of the 

product. In the future, environmental regulations and legislation will emphasize 

providing environmental information of products and their aspects. As a result, it is 

essential to conduct research on what type of relevant information related to 

environmental aspects is necessary for various stakeholders in the electronics industry. 

The methods utilized for research in this field should be broadened in order to improve 

research on how to include environmental issues in the product design and development 

process. Multiple sources might be employed to gather data and information to broaden 

the issues and acquire a more thorough knowledge. More case studies and qualitat ive 

research should be considered in the future study. 
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Appendix 1. Interview Questionnaire 

1. How important do you see sustainability in your company? 

2. Do you use DFX (Design for Excellence) concept in your company? How? 

3. What is environment in your point of view? (nature, material flow, businesses, 

downstream supply chain in the company, environmental standards and permissions, 

directives, and so on). How should it be noted? 

4. What type of requirements are the most important one in sense of environment? / What 

are those environmental requirements?  

5. How do you manage those requirements in your product development? 

6. How are those requirements categorized and prioritised? 

7. Who are the stakeholders who presents/carry on those requirements? Who are the 

environmental stakeholders (internal, external)? (legislative, consumer type, or 

something else?) 

8. How do you classify those environmental stakeholders? 

9. Do those requirements change during the product development process? 

10. Do you use DFE (Design for Environment) concept in your company? How? 

11. How do you acknowledge the design for environment in practice? 

- Product design 

- Material selection 

- Requirements management 

- Production 

- Packaging 

- Service/maintenance 

- Disposal 

- supplier 

- Others? 

12. How important do you think the use of DFE concept is at present and in the future? 

13. What are the strengths and challenges of the DFE approaches? How to respond on 

those challenges? 

14. Is there anything else you would like to mention about this topic? 
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