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ABSTRACT 
Product life cycle perspective, a concept emanating from sustainable product 

development has gradually emerged as one of the key areas in product design and 

development. Several studies and research have shown the direct co-relationship 

between product design, development and manufacturing and its impact on our 

environment and ecosystem. The need to take these environmental factors into 

consideration is fundamental and highly prioritized in organizations that seeks to 

minimize the environmental impact of their operations in our ecosystem and if 

possible redirect these operations to contribute positively to saving the natural 

ecosystem. In the latest revision of ISO 14001:2015 standard, the term product life 

cycle perspective (LCP) has now become a fundamental requirement for 

organizations to fulfill. The requirement specifies the need for life cycle perspectives 

to be a significant factor during product design and development. However, the 

practical challenges of continuously integrating life circle analysis in product design 

is enormous for companies and organizations. This thesis will look at the challenges 

confronting ISO 14001 certified product manufacturing companies and allied services 

in implementing product LCP during product development and design and also the 

interpretations given by auditors from certification companies concerning how 

companies implement product LCP in relation to the requirements in ISO 14001:2015 

at the product design and development stages.  

Key Words 

ISO – International Standard Organization, Product life cycle perspectives, 

Sustainable development, ISO 14001, ISO 9001, Ecosystem, Product design and 

development, Environmental management system (EMS). Eco-design 

 

 

 

 

 

 

 

  



MP8007 Thesis in Mechanical Engineering  
Halmstad University 2019/2020 

iii 

 

Table of Contents 
PREFACE................................................................................................................................. i 

ABSTRACT ............................................................................................................................. ii 

1.0 INTRODUCTION ............................................................................................................. 1 

1.1 Introduction to the Study......................................................................................... 1 

1.2 Background ................................................................................................................. 2 

1.3 Aims and Objectives ................................................................................................. 3 

1.4 Limitations ................................................................................................................... 4 

2.0 STUDY METHODOLOGY .............................................................................................. 5 

2.1 Methodology ............................................................................................................... 5 

2.1.1 Data Collection......................................................................................................... 6 

2.1.2 Literature study and database search ........................................................................ 7 

2.1.3 Quantitative Research Survey and questionnaire ..................................................... 8 

2.1.4 Policy document study, review and analysis. ........................................................... 9 

2.2 Data Processing Methodology ............................................................................. 10 

3.0 THEORETHICAL DEFINITIONS ................................................................................ 11 

3.1 Sustainable Development ..................................................................................... 11 

3.2 Environmental Management System (EMS) ..................................................... 12 

3.3 ISO 14001:2015 ......................................................................................................... 13 

3.4 Life Cycle Perspective (LCP) ................................................................................ 14 

3.5 Product Design and Development ...................................................................... 17 

4.0 ANALYSIS AND PRESENTATION OF THE STUDY RESULT ............................ 20 

4.1 Concept Evaluation ................................................................................................. 20 

4.2 Analysis of Key Thesis Questions ...................................................................... 22 

5.0 DISCUSSION OF THE STUDY RESULT .................................................................. 26 

5.1 Economic Value in the Supply Chain. ................................................................ 26 

5.2 Integrating Carbon Emission Trading in Balance Sheet Report. ................ 28 

5.3 Design for the Environment (DfE) ....................................................................... 30 

5.4 Application of Strategic Product Development Tool ..................................... 32 

5.5 Alternative Approach - Product Development ................................................. 33 



MP8007 Thesis in Mechanical Engineering  
Halmstad University 2019/2020 

iv 

 

5.6 A Holistic Approach in Product development. ................................................ 34 

6.0 CONCLUSION ............................................................................................................... 36 

7.0 CRITICAL REVIEW - METHODOLOGY ................................................................... 38 

7.1 Evaluation of the Methodology ............................................................................ 38 

7.2 Environmental Aspect ............................................................................................ 38 

7.3 Ethical Aspect .......................................................................................................... 39 

7.4 Economic and Social Aspect ............................................................................... 39 

8.0 REFERENCES ............................................................................................................... 40 

8.1 Books and Journals ................................................................................................ 40 

8.2 Websites and internet sources ............................................................................ 43 

APPENDIX ............................................................................................................................ 44 

Appendix 1: Questionnaire – ISO 14001 certified companies ............................ 44 

Appendix 2: Questionnaire – ISO 14001 Auditors ................................................. 46 

Appendix 3: Analysis of Survey Questionnaire for ISO 14001 Certified 

Organizations .................................................................................................................. 48 

Appendix 4: Policy Document Review and Analysis ............................................ 48 

ABREVIATIONS .................................................................................................................. 49 

 



MP8007 Thesis in Mechanical Engineering  
Halmstad University 2019/2020 

 

1 

 

1.0 INTRODUCTION  
This chapter addresses three key issues believed to be important in introducing this 

thesis. Firstly, it contains an introduction to the study, secondly it states clearly the 

aims and objectives of this thesis and thirdly it gives an overview of this thesis with 

regard to structure and presentation.    

1.1 Introduction to the Study  

Product design and development is a vital process in the manufacturing sector. 

Following increasing environmental awareness in the 80’s, which culminated to the 

emergence of the United Nations Conference on Environment and Development 

(UNCED) Rio Earth Summit in 1992 and the BS 7750 standard in 1992 and ISO 

14001 in 1996, product design, development and manufacturing witnessed a serious 

conceptual change as issues bothering on the depletion of scarce natural resources, 

environmental pollution, unsustainable human consumption and other similar 

challenges in managing our natural ecosystem took the center stage, (United Nations, 

2015) and (Luis Martins de Fonseca, 2015). Product manufacturing, particularly 

production of engineering goods such as cars, house-hold consumables and similar 

products, including the processes of manufacturing these products are identified as 

the major factors contributing to environmental pollution.  As a result of these 

actions, most manufacturing companies and organizations, product development 

companies invest enormous amount of human and material capital to reinvent their 

manufacturing processes, this includes making products that are more 

environmentally friendly. Production and manufacturing processes were targeted to 

minimize their impact on the environment (Andrew Fletcher, 2015).  

A lot of processes are involved in the manufacturing of engineering parts and 

products e.g. bearings, wheels, camshaft, automotive and aerospace engine parts, etc. 

During the production processes which primarily starts from idea conceptualization, 

product design and development to manufacturing etc., environmental decisions have 

to be made in view of the type of material for the product, design concepts, mode of 

production, product use, product recycle etc. These decisions are very complex in 

nature and often requires a detailed analysis of several matrices such as scenarios, 

alternatives, laws and regulations, transport, logistics, ergonomics and so many other 

factors. The need to correctly analyze these variables as to produce a product with the 

least possible impact on the environment is a fundamental factor, which is why 

organizations and companies develop an Environmental Management System (EMS) 

with set goals and objectives (Friederike Neugebauer, 2012). 
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To provide a holistic perspective on the environmental burden of product 

manufacturing, as well as to identify areas where further improvement is possible, an 

environmental decision-making tool - the lifecycle perspective (LCP) is deplored.  

While, we examine the environmental impact of a particular product and make 

scientific analysis based on product LCP methodology, it is also fundamental to x-ray 

the entire production ecosystem to achieve a holistic and integrated approach to 

environmental sustainability. For a product design and development process to take 

place, there is a larger ecosystem called the industry, the production floor, which in 

its entirety include all departments and units linked up in the production of a single 

goods such as the sales, production, research/development, human resources, 

purchasing, marketing, accounting and finance departments. All these units must be 

unified in a single ecosystem where sustainability principles such as a functional 

environmental management system (EMS) is applied. The application of EMS at the 

process level is fundamental to get a functional product LCP at the product level. The 

basis of these concepts are the foundational background for ISO 14001:2015, a 

standardization principle for sustainability excellence that have evolved over the 

years with the first ISO 14001 series documented in 1996. In furtherance to the ISO 

14001 standard and product life cycle perspectives, arguments in support of 

innovative and eco-friendly product design and development have flooded 

mainstream academia, governmental organizations and the private sectors. In the 

words of (Johansson et.al 1998), it is stated that creativity and innovation is needed to 

produce and manufacture new products at every level, they further reiterated the 

importance of technological innovation in this transformation process, clearly 

highlighting that Eco innovations, which includes new products and processes 

provide customers and businesses value but significantly decrease environmental 

impacts have attracted increased attention as their values both in the market, in the 

industry and the academia keeps rising.  

1.2 Background 

The background of this study is an in-depth analysis of the general application of 

Environmental Management System (EMS) in corporate organizations with focus on 

product design and development and challenges associated with the implementation 

and integration of ISO 14001 concepts in their operations and an analysis of the 

application of the concept of life cycle perspective throughout the product design and 

development chain. 

This study is an exploratory and empirical analysis of the application of eco-design 

perspective in product design and development and an assessment of the most 

effective, efficient and robust tool to integrate the various concept of sustainable 

product design throughout the entire process of a product design and development. 
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Product design and development constitutes a significant process in a product life 

time and a lot of the inherent qualities of a product is decided at this stage. A typical 

engineering product constitutes a significant impact on the environment, from the 

manufacturing, to the consumption and product disposal stage. These environmental 

impacts are not just limited to environmental pollution but also in-terms of the use 

and consumption of natural resources, some of which are scarce and non-renewable 

resources and the attendant waste that these products may cause at the end of its 

useful life span. 

EMS as part of the organizational structure, is aimed at clearly defining the 

organizations environmental philosophy and how environmental policies are shaped 

to tackle issues arising from the environmental impact of its products and operations, 

and a policy path that defines how the organization will ensure an efficient use of 

natural resources in a way as to minimize or neutralize the environmental impacts of 

its operations.  

Beside the conventional regulatory environmental criteria normally issued by the 

government and its agencies, organizations usually make its own environmental 

policies which are often outlined or integrated in their EMS system. The choices are 

always to follow the basic criteria outlined by international organizations such as the 

International Organization of Standards (ISO) and in most instances to stay above 

board by also making specific environmental declarations to enhance organizational 

sustainability, in some organization these declarations are contained as part of their 

existing quality, health or safety system where the environmental issues are 

incorporated into them. The in-house systems are environmentally non-certified but 

are often based on certified standards like ISO 14001. The establishment of an 

environmental management system and its continuous improvements is a process 

towards a reduction of the company’s and the products environmental impact (Fabio 

Neves et.al. 2017).  

 

1.3 Aims and Objectives 

The aim of this thesis is to present a state-of-the-art solution on how organizations 

consider product life cycle perspectives when designing and developing products, 

study the factors that pose digressed challenges for integrating life circle perspectives 

to product development and design, develop a model that will ensure the integration 

of product life cycle perspectives in product design and development in conformance 

and fulfilment of the requirements of ISO 14001:2015. 

The objectives of the thesis will be to generate knowledge regarding the use of 

Environmental Management System (EMS) tools and the application of ISO 14001 

standards and life cycle perspective (LCP) strategies for effective product design and 

development. The study will explore opportunities for an effective integration of 
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these concept from both a process and a product perspective as a way to create 

innovation in product development and design, also attain sustainability excellence in 

organizational processes. The challenges today for most product manufacturing 

organizations, is the lack of a comprehensive, robust and an all-encompassing tool to 

effectively integrate eco-design perspective both at the product level and also at the 

organizational sphere.  

 

1.4 Limitations 

This thesis will be based on literature reviews, questionnaires and policy documents 

and analysis of scholarly works that focus and analyze three principal questions as 

follows 

 What is said and written about product design and development in 

combination with life cycle perspective according to ISO 14001:2015? 

 What do organizations need to show auditors that certify organizations for 

ISO 14001:2015?  

 Do organizations consider it significant to integrate product life cycle 

perspectives to product design and development? 

Questionnaires, surveys and corporate policy documents in relation to ISO 14001 and 

environmental management systems (EMS) will also be undertaken and reviewed as 

a means to critically analyze and compare results and have a basis to reach valid 

arguments and conclusions from the results of the literature reviews and analysis. 

Due to limited time period for the thesis, survey will be focused on company policy 

documents and questionnaires, results will be analyzed after retrieving 

questionnaires. The answers from the questionnaires and policy documents will be 

compared to the results of literature reviews to reach a valid evaluation of the study. 
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2.0 STUDY METHODOLOGY 

The methodology of our thesis is fully explained in this chapter and this are basically 

the methods we have applied in our research and have included in detail, the type of 

research that was carried out, how our data was collected and analyzed and tools and 

materials that were used to arrive at our results. We equally presented the reasons 

why we choose specific format for collection and analysis of our thesis research. 

2.1 Methodology 

Data collection is the process of gathering and measuring information on variables of 

interest, in an established systematic fashion that enables one to answer stated 

research questions, test hypotheses, and evaluate outcomes. The goal for all data 

collection is to capture quality evidence that then translates to rich data analysis and 

allows the building of a convincing and credible answer to questions that have been 

posed. Regardless of the field of study or preference for defining data both 

quantitative and qualitative, accurate data collection is essential to maintaining the 

integrity of research. The selection of appropriate data collection instruments both for 

existing, modified, or newly developed data and clearly delineated instructions for 

their correct use reduce the likelihood of errors occurring (Lincoln Yvonna, 2000). 

Data collections are often organized into two broad categories namely qualitative and 

quantitative data and the difference is basically that qualitative data follows a 

rigorous mathematical and statistical computation for result analysis, while a 

qualitative data are mostly non-numerical and usually descriptive or nominal in 

nature. This means the data collected in a qualitative analysis are in the form of words 

and sentences (Anna Ernst et.al. 2019). Often but not always, such data captures 

feelings, emotions, or subjective perceptions of something. Qualitative approaches 

aims to address and study the how’s and the whys of a program and tend to use 

unstructured methods of data collection to fully explore the topic (Syed Kabir, 2016). 

Qualitative questions are open-ended. Qualitative methods include focus groups, 

group discussions and interviews. Qualitative approaches are good for further 

exploring the effects and unintended consequences of a program. (Syed Kabir, 2016) 

stated as follows “Regardless of the kinds of data involved, data collection in a qualitative study 

takes a great deal of time. The researcher needs to record any potentially useful data thoroughly, 

accurately, and systematically, using field notes, sketches, audiotapes, photographs and other suitable 

means. The data collection methods must observe the ethical principles of research. The qualitative 

methods most commonly used in evaluation can be classified in three broad categories. 

 In-depth interview 

 Observation methods 

 Document review 
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The methodology for this study will be based on three solutions which includes, first 

a comprehensive literature review of different research articles and papers written on 

the subject of the study. There shall be an extensive consultation of relevant 

literatures and general literature review in relation to this study. Data sources will 

include seminars and research outcomes, articles, books and other empirical data to 

support the study will be collected and the articles and books will principally focus on 

key findings and analysis of ISO 14001, environmental management systems (EMS), 

sustainable and eco-friendly and sustainable product design (SPD) and development 

and a review of ISO 14001: 2015 standard regulations as it relates to the application 

of product life cycle perspectives, product design and development. Analyzing these 

papers and researches and applying the relevant results to this study.  

The second approach would be a survey of organizations with ISO 14001 

certification, and also a survey of auditors and auditing firms for ISO 14001 

certification. The study will also rely on questionnaires and an experiential study of 

the application and relevance of ISO 14001, product LCP, application of the 

standardization principles, prospects and challenges will be studied and analyzed 

through a set of research based questionnaires.  

The third approach to this study will be a review of corporate documents focusing on 

the application of EMS, ISO 14001, eco-friendly and sustainable product design and 

development in some chosen organizations. The official policy documents would be 

analyzed to buttress relevant issues and other statistical evidence obtained from the 

field. In the course of preparing the thesis, the questionnaire outcome and the policy 

document review will be paired together to reach valid analysis and discussions as 

regards the key objectives and focus of the thesis. The paired questionnaire and 

policy document reviews will be used to validate the result of the literature reviews 

and analysis. 

2.1.1 Data Collection 

Through, obtaining varied and diverse data from multiple sources, the consistency of 

the findings would be properly tested through varied parameters. This will provide 

the opportunity to control and assess the consistency and reliability of the data 

collection and analysis (Ashley, et.al. 2018). The use of multiple data sources will 

also deepen and broaden our understanding of the subject matter and as a result, give 

the study a multi-faceted understanding of the subject issue, interpretation of the 

problem, presentation of the problem and a well-integrated solution for the problem. 

In conclusion, application of multiple sources will control in-built bias and one sided 

analysis of the problem (Syed Kabir, 2016). 
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As is shown in figure 2.1 

and as stated previously, 

our sources of data will 

include literature reviews 

and analysis of articles and 

books, sample 

questionnaire and 

corporate policy 

documents. The data 

collected will be processed 

and relevant analysis will 

be deduced. Data 

collection is like an 

iterative process, where the loop continues until all relevant data and information 

desired for the study is obtained. The data collected and information obtained will be 

processed and a conclusion drawn based on the result. 

2.1.2 Literature study and database search 

As part of the methodology for this project, literature review and analysis formed a 

formidable part of the data collection. Literature review is a critical analysis of 

published sources, it is an 

assessment of a collection of 

scholarly work on a particular 

subject and provides a summary, 

classification, comparison and 

evaluation (Zina O’Leary, 2014). 

Through reviewing and analyzing 

varied literature on Environmental 

Management System (EMS), ISO 

14001:2015 and Life cycle 

perspective (LCP) and continuously 

assessing the relevance and 

applicability of the searched literature to this study (figure 2.2), this study will be able 

to present an understanding of the current state of knowledge in the field, relevant 

theories, methods and gaps in the existing research as to formulate our study and 

project. In conducting the literature search, 250 articles based on the above mentioned 

subject was accessed from several research data base such as Research-gate, Google 

Scholar, Science direct, Emerald Insight.  

Figure 2.1 - A schematic view of the data collection and analysis loop 

Figure 2.2 - Iterative flow chart diagram of literature search 

and reviews 
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Some of the articles were not suitable for the project, in view of this, more research 

articles and scientific papers that focused on our key concepts such as, Design for the 

Environment (DfE), Sustainability 

designs, Eco-product design, new product 

development, product innovation and 

creativity, innovative product design and 

development, sustainable product 

development in relation to ISO 14001 and 

a functional Environmental Management 

System was used. The literature search, 

analysis and review followed a loop 

diagram format with a continuous 

interaction to synthesize, significant 

article from searched results, further analysis and a repeat of the search to be able to 

get the most relevant literature for this study was carried out (figure 2.3). The third 

part of the literature search focused on searching for articles and books on the 

analysis of different solutions to integrating product life cycle perspective to product 

design and development in accordance with the mandates of ISO 14001:2015. The 

search included studying various solution models and analyzing a more practical and 

achievable strategy in integrating product design and development to product LCP. 

As indicated in figure 2.2, articles and literatures that were relevant to the study was 

150 articles.  

 

2.1.3 Quantitative Research Survey and questionnaire 

Quantitative research survey and questionnaire is a fundamental aspect of research 

methodology (Zina O’Leary, 2014). As stated in paragraph 2.0, two sets of 

questionnaires were deployed, one was suited for organizations and companies that 

were ISO 14001 certified and whose operations were either engineering product 

design, development and manufacturing or organizations that offer technical 

consultancy with a focus in product development and design (Appendix 1). The 

second set of questionnaire was for ISO 14001 auditing firms and was specifically 

focused on key expectations of what companies seeking ISO 14001 should fulfil 

before certificates were awarded (Appendix 2). The study relevance was to measure if 

issues like integrating product life cycle perspectives to product design and 

development was fundamental for evaluating the performance of ISO 14001 certified 

companies. This type of data gathering method is utilized to collect, analyze and 

interpret the different views of a group of people from a particular sample population 

(Syed Kabir, 2016). The survey was done as a means to examine the theoretical 

implications derived from the research work and to validate and concluded same.  

Figure 2.3 - A schematic illustration of the interactive 

search and evaluation of relevant literature 
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2.1.4 Policy document study, review and analysis. 

Bowen Glenn, 2009 defined document analysis as a systematic procedure for 

reviewing or evaluating documents, which includes both printed and electronic and 

where the electronic documents includes computer-based and Internet-transmitted 

material. In furtherance, document analysis like other analytical methods in 

qualitative research, requires that data be examined and interpreted in order to elicit 

meaning, gain understanding, and develop empirical knowledge. One distinctive 

feature of document analysis, is that they contain text, words and images that have 

been recorded without a researcher’s intervention. Corporate policy document is used 

as a first on hand experience or a practical experience of an organization. Through 

studying and analyzing official documents in relation to the subject matter of the 

thesis, requisite knowledge, experience and direct understanding of how the 

companies applied ISO 14001:2015 and product LCP in their product development 

was glaring. 

Official corporate policy documents in relation to ISO 14001 and EMS was studied 

and reviewed and the contents were analyzed in relation to a set of questions. This is 

considered to be a way to gather information by studying how the companies were 

executing their operations in relation to ISO 14001 and EMS strategy. A systematic 

policy document study was done in order to see how the companies performs its 

product design and development with reference and in accordance to ISO 14001:2015 

and the environmental management standards. Policy document study is an important 

research method and also a good means of data collection, as part of the methodology 

for this study (Syed Kabir, 2016).  

 

Policy document analysis is used in combination with other qualitative research 

methods as a means of triangulation, which is the combination of various 

methodologies in the study of the same phenomenon. The qualitative researcher is 

expected to draw upon multiple sources of data and evidence whose intent is to seek 

convergence and corroboration of a central theory or hypothesis (Bowen Glenn A, 

2009). In this study, document analysis is choosing as a means to collect data and 

information on how Environmental Management System, ISO 14001 and life cycle 

perspective is applied in product design and development. As clearly stated (Syed 

Kabir, 2016) policy document as a data collection method can be structured or 

unstructured, however as a qualitative data collection methodology, findings, data 

and analysis are mostly non-numerical and usually descriptive or nominal in nature. 

Documents provide additional and supplementary research data, documents can 

enlighten, clarify and provide extra information that are valuable additions to a 

knowledge base. 
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2.2 Data Processing Methodology 

Three different methods, 

literature review, 

questionnaires and policy 

documents were used to 

collect and analyze data for 

this project (figure 2.4), a 

process flowchart for the 

thesis methodology. 

We collected policy 

document from 11 

organizations and 

companies and our target 

organizations were all companies manufacturing engineering products or offered 

technical services and they all operated in the area of product design and 

development, while some were product manufacturers. They are all classified as our 

focus organizations with detailed documents regarding the implementation of 

Environmental Management System (EMS) and ISO 14001 certified. A total of five 

returned questionnaire was equally analyzed and the results were compared to the 

contents of the 11 organizations where policy documents were reviewed.  

A set of matrix was used as a basis to analyze the answers and draw conclusions on 

the key points under study as regards the implementation and integration of product 

LCP to product design and development (appendix 3).   

 

 

 

 

 

 

Figure 2.4 - Process flowchart for thesis methodology 
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3.0 THEORETHICAL DEFINITIONS  

In this chapter, we will be looking at definition of concepts and terms used in our 

study and create the link between the theories and the results obtained from literature 

reviews, quantitative research survey and policy documents analysis. Furthermore, 

the chapter do an explanation of the relationship amongst these key concepts and 

their relevance to the study results.  

3.1 Sustainable Development 

Sustainable development sometimes referred to as sustainability like similar 

acronyms has been subjected to varied definitions and interpretations. However, the 

concept from a broader perspective can be defined as a development that meets the 

needs of the present without compromising the ability of future generations to meet 

their own needs as stated in the Brundtland Commission Report (1987) (Johansson 

et.al, 1998).  In broader terms, this is defined as the simultaneous search for profitable 

economic development, social progress and equity and respect for the environment 

while creating value for shareholders, customers, workers and the society at large 

(Luis Martins da Fonseca, 2015). Sustainable development is about achieving a 

balance between the environment, society and the economy which are considered 

essential to meet the needs of the present without compromising the ability of future 

generations to meet their needs. Sustainable development as a goal is achieved by 

balancing the three pillars of sustainability. 

The terminology gained broader acceptance when it was mentioned at the Stockholm 

conference on Environment and Development in 1972. Following the publication of 

the World Commission on Environment and Development (Sachs and Warmer, 

1999). Sustainable development requires the collaboration of a multidisciplinary and 

systematic approach since the global nature of the concept require that economic 

actors, governments, public and private organizations and citizens be actors in this 

process. Sustainable development is about human ability to improve the quality of 

life without exceeding the carrying capacity of our natural ecosystem (Anupama 

Prashar, 2019). 

The concept of sustainable development in relation to product design and 

development is in relation to the production of innovative engineering products with 

minimal impact on our ecosystem. Product design should have lesser carbon 

footprints and these could be achieved at the design stage of our products where 

material choices, production methods, product durability, recyclability and other 

parameters are essentially important to minimize environmental impacts of our 

products (Okokpujie et.al. 2019). 
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Sustainable development in product design and development have to also take into 

consideration the ability of engineering product designers and developers at not only 

targeting strategies to minimize the environmental impacts of the products but also 

designing and developing products that contribute positively to the wellbeing of our 

ecosystem. Utilizing and applying appropriate technology is essential in this regards 

to minimize the impact of industrial production on the ecosystem. Societal 

expectations for sustainable development, transparency and accountability have 

evolved with and further reinforced by the negative impact of industrialization in our 

society vis-à-vis the following:  

 Climate Change 

 Natural Resources depletion 

 Inneficient use of natural resources 

 Air and Water Pollution 

 Water Crisis 

 Deforestation Impact 

 Soil Degradation 

 Biodiversity Loss, degradation of ecosystem and species extinction 

3.2 Environmental Management System (EMS) 

An Environmental Management System (EMS) is one of the tools an organization 

can use to improve environmental performance and attain sustainability excellence in 

its operations. EMS is made up of a number of interrelated elements that function 

together to help a company measure, manage, evaluate and improve the 

environmental impacts of its operations (Fabio Neves et.al. 2017). ISO 14001 

standards forms the basis through which an Environmental Management System 

could be developed as part of the overall management system which includes 

organizational structure, planning activities, responsibilities, practices, procedures, 

processes and resources for developing, implementing, achieving, reviewing and 

maintaining the environmental policy. The EMS as an integral part of the 

organizational processes sets the guidelines and specifically outlines how the 

Lifecycle Perspectives (LCP) would be carried out for product development and 

design in the organization.   

The purpose of ISO 14001 International Standard is to provide organizations with a 

framework and a tool to fine tune their operations in line with the concept of 

sustainable development and also take into cognizance the cumulative negative 

impact of organizational activities on the environment and by so doing respond to 

changing environmental conditions in balance with socio-economic needs. ISO 14001 

specifies requirements that enable organizations to achieve the intended outcomes it 
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sets for its environmental management system. Though the concept of Environmental 

Management System (EMS) is a new acronym in the management system theories in 

comparison with similar theories such as the Quality Management System (QMS) 

EMS is a systematic approach to organizational environmental management and 

provides top-management with information to build success over the long term 

environmental commitments and also creates options for contributing to a sustainable 

development in the following ways (ISO 14001:2015 Standard) 

 Protecting the environment by preventing or mitigating adverse environmental 

impacts 

 Mitigating the potential adverse effect of environmental conditions on the 

organization 

 Assisting the organization in the fulfilment of compliance obligations 

 Enhancing environmental performance 

 Controlling or influencing the way the organization’s products and services 

are designed, manufactured, distributed, consumed and disposed by using a 

life cycle perspective that can prevent environmental impacts from being 

unintentionally shifted elsewhere within the life cycle 

 Achieving financial and operational benefits that can result from 

implementing environmentally sound alternatives that strengthen the 

organization’s market position 

 Communicating environmental information to relevant interested parties 

3.3 ISO 14001:2015 

ISO 14001 has emerged as the most 

frequently used international standard for 

implementing an Environmental 

Management System (EMS) (Inaki Heras-

Saizarbitoria et.al 2013). ISO 14000 is part 

of a family of standards set and established 

by the International Organization for 

Standardization that deals with 

environmental management and directs 

organizations on how to minimize the 

negative environmental impacts of their 

operations and processes, etc. These 

negative effects includes amongst other 

things adverse changes to air, water, or land 

quality, ability to comply with applicable 

laws, regulations, and other 

Figure 3.1 - Relationship between PDCA and the 

framework of ISO 14001 – Adapted from ISO 

14001:2015 policy document. 
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environmentally oriented requirements and also to continually improve on the 

environmental strategies. 

ISO 14000 is similar to ISO 9000 quality management in that both pertain to the 

process of how a product is produced, rather than to the product itself. As with ISO 

9001, certification is performed by third-party organizations rather than being 

awarded by ISO directly. The ISO 19011 and ISO 17021 audit standards apply when 

audits are being performed. Like ISO 9001, the ISO 14001 also have an inbuilt 

system for the PLAN-DO-CHECK-ACT (PDCA) model as shown in (figure 3.1). 

The PDCA model provides an iterative process used by organizations to achieve 

continual improvement. It can be applied to an environmental management system 

and to each of its individual elements. It can be briefly described as follows. 

Plan: establish environmental objectives and processes necessary to deliver 

results in accordance with the organization’s environmental policy. 

Do: implement the processes as planned. 

Check: monitor and measure processes against the environmental policy, 

including its commitments, environmental objectives and operating criteria, 

and report the results. 

Act: take actions to continually improve. 

The requirements of ISO 14001 are an integral part of the European Union's Eco-

Management and Audit Scheme (EMAS). The EMAS's structure and material are 

more demanding, mainly concerning performance improvement, legal compliance, 

and reporting duties. The current ISO 14001:2015 standard, which was published in 

September 2015. 

3.4 Life Cycle Perspective (LCP)  

(Rafael Laurenti et al., 2015) stated that in a product life cycle perspective, materials 

choice for a product involves downstream impacts from the point of design. This is 

because, in a globalized world materials are produced, shipped and consumed across 

different part of the world, the environmental impacts of the consumption go mostly 

unnoticed at the point of consumption. Accordingly, design involves and international 

trade connects the consumption of goods and services to pervasive environmental and 

social impacts such as greenhouse gas emissions.  

The life cycle perspective is a base frame through which the products environmental 

impact is analyzed and it enables the product development team to understand, 

manage and reduce the environmental impacts associated with a product right at the 

development stage, study the environmental impact of the processes or activities 

associated with all the production stages, the use-stages and the recycling stages, this 

is termed as the cradle to grave stages. The LCP methodology enables the calculation 
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of environmental burdens in a quantifiable, systematic and scientific way, allowing 

comparisons on environmental grounds. It also allows the identification of areas 

where environmental improvement is achievable and where it will give the best 

results (Vilaa C et.al, 2015).  

This concept is applicable to any organization, regardless of size, type and nature, and 

applies to the environmental aspects of its activities, products and services that the 

organization determines it can either control or influence considering a life cycle 

perspective. This International Standard does state specific environmental 

performance criteria, consistent with a life cycle perspective, the organization shall: 

a) Establish controls, as appropriate, to ensure that its environmental requirement(s) 

is (are) addressed in the design and development process for the product or service, 

considering each life cycle stage; 

b) Determine its environmental requirement(s) for the procurement of products and 

services, as appropriate; 

c) Communicate its relevant environmental requirement(s) to external providers, 

including contractors; 

d) Consider the need to provide information about potential significant environmental 

impacts associated with the transportation or delivery, use, end-of-life treatment and 

final disposal of its products and services. 

When taking a life cycle perspective it is clear that even ecological raw materials for 

example bamboo tree fiber used in carbon fiber materials or biofuel is not considered 

as climate neutral because of the inputs of fossil fuels needed in industrial processes 

prior to the use stage. In addition, a consequence of the increased demand for biofuel 

crops and ecological raw materials may be the conversion of natural land like forest 

land to cultivated land and this releases the carbon bound in the natural biomass such 

as wood and the soil as CO2. Sometimes the conversion of natural land happens as an 

indirect consequence, i.e. forest is being cleared to make room for the crops that used 

to be cultivated at the piece of land now used for eco-friendly materials. This means 

that a country that increases its production of ecological raw materials for industrial 

product manufacturing may be at the expense of a decrease in food crop production 

may indirectly contribute to a loss of natural land habitats even in most cases 

elsewhere or possibly on a different continent, due to the mechanisms of international 

trade. This are important factors to note when a product life cycle perspective is been 

considered. The core reason for taking a life cycle perspective is that it allows 

identifying and preventing the burden shifting between life cycle stages or processes 

that happens if efforts for lowering environmental impacts in one process or life cycle 
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stage unintentionally create possibly larger environmental impacts in other processes 

or life cycle stages as clearly illustrated in the example given for natural bamboo tree 

fibers used in carbon fiber production and bio-fuels used as an alternative eco-

friendly source of energy for industrial plants.  

 

EMS standards nowadays often require a life cycle perspective in order to avoid 

green washing by companies outsourcing parts of their production to suppliers. There 

is thus often a relationship between the implementation of EMS and the 

implementation of product LCP within companies. For example, among Spanish 

automotive supplier companies who have received the EMS ISO 14001 certification 

and have a certified eco-management and audit scheme (EMAS), the use of product 

life cycle assessment is a common practice (Gonzalez et al. 2008). Organizations who 

have implemented a certified EMS impose higher demands on their suppliers to adopt 

environmentally friendly practices (Gonzalez et al. 2008).  

 

The contributions made by product LCP to EMS range from the identification of 

overall environmental aspects and identification of the requirement for Life cycle 

perspective as stated in two clauses viz. 6.1.2 and 8.1. Further explanation of this 

sections are as follows. 

 

6.1.2 Environmental aspects:  The requirement within the defined scope of the 

environmental management system is that organizations shall determine the 

environmental aspects of their activities, products and services and that the 

organization can control those it can influence, and their associated environmental 

impacts, considering a life cycle perspective. The clause went further to detail some 

guidelines stating that there is no mandatory requirement to conduct a life cycle 

assessment (ISO 14040) however the various stages right from acquisition of raw 

materials, design, production, transportation/delivery, use, end-of life treatment and 

final disposal need to be considered. This consideration will most likely prevent or 

minimize accumulation of environmental obligations or issues at any particular stage 

and would engage various entities in the life cycle stages to fulfil their own 

obligations e.g. design, transportation, logistics, usage, disposal etc. Therefore 

assessor needs to make sure that aspect and impact has covered the various stages. It 

is understood that some stages may be not applicable e.g. for a simple trading 

companies acquisition of raw material or design/engineering. Further it is also 

understood that some stages may not be under direct control e.g. transportation, 

usage, end of life treatment however there may be a possibility that company has 

influence on some of the activities or stages e.g. option to choose transporter with 

better EMS commitment or literature on how to dispose the product. Usually a simple 

train diagram is quite helpful to understand the various stages, extent of control and 

influence, please refer below. (ISO 14040:2006).  
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This International Standard is applicable to any organization, regardless of size, type 

and nature, and applies to the environmental aspects of its activities, products and 

services that the organization determines it can either control or influence considering 

a life cycle perspective. This International Standard does not state specific 

environmental performance criteria. 

Consistent with a life cycle perspective, the organization shall: 

a) Establish controls, as appropriate, to ensure that its environmental requirement(s) 

is (are) addressed in the design and development process for the product or service, 

considering each life cycle stage; 

b) Determine its environmental requirement(s) for the procurement of products and 

services, as appropriate; 

c) Communicate its relevant environmental requirement(s) to external providers, 

including contractors; 

d) Consider the need to provide information about potential significant environmental 

impacts associated with the transportation or delivery, use, end-of-life treatment and 

final disposal of its products and services.  

The contributions made by product LCP includes the  identification of overall 

environmental aspects and identification of the activities in the life cycle that have the 

largest environmental burdens, to a comparison of alternative manufacturing routes 

(Stewart et al. 1999). A major challenge in this context seems to be putting the results 

into practice, mainly due to lack of power or information of stakeholders along the 

product supply chain (Nakano and Hirao 2011). 

3.5 Product Design and Development 

Product design and development is the ability to creatively and systematically evolve 

new shape and characteristics for a product to achieve specified objectives, while 

simultaneously satisfying several constraints and parameters that are vital in 

maximizing the functionality, effectiveness and overall efficiency of that product. 

Design is a critical activity, because it has been estimated that as much as 80% of the 

cost of product development and manufacturing is determined by the decisions made 

in the initial stages of design (Kalpakjian and Schmid 2014).  

 

(Rafael Laurenti et al., 2015) stated that product design is the ability to conceive and 

give form to artefacts that solve problems. Design is part of an overall problem-

solving process which begins with the perception that their exist a gap in user 

experience, culminating to a plan for a new artefact and subsequently in the 

production of that artefact. Product design determines most of the environmental 

impacts that a product will potentially have during its life cycle. Product Design 
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choices like type of materials and manufacturing processes influences and determine 

the rate of material or energy input per unit of the service offered by the product. 

 

Innovation and excellence are critical and essential parameters in successful product 

design, equally the functions and a clear definition of the performance expected of the 

product are all vital at the product design stages. The market for a product may be 

new or modified version of an existing product and at this stage, it is also important 

to define the product use or expected function.  

 

Product development is a process that aims to transform an idea or market 

opportunity into a technical and commercial solution (Ulrich and Eppinger, 2011). It 

describes both the development of new products as well as modifications of existing 

ones. Product development is a strategic process for the organization. As a highly 

interactive process, it involves different actors operating within the system 

boundaries of the company; for example customers, regulators and competitors. All 

of these actors set requirements and demands that need to be integrated and balanced 

to the company’s own visions and goals.  

 

The concept of product design and development is the ability to make changes to 

existing product or the development of new product concept or idea. In general, the 

terms complement each other, while product design is focused on the aesthetic aspect 

of creating or recreating a product, the development acronym includes the process of 

achieving what has been conceptually created. In general, both concepts are 

substitutable and can be used interchangeably. 

 

Product design and development stages is a complex interactive process where 

several parameters are important to achieve a desire output, however a simplified 

product development and design process, will include critical moments such as  

product planning, conceptual design, embodiment or detailed design, product review 

and final production process (Ulrich and Eppinger et.al). This is not like a universal 

law, local variations of the process do exist and can also change depending on a wide 

range of variables. 

 

Product planning is often the first step in a product development and design process. 

This is where the needs of the market are identified and innovative ideas are 

discussed. These step often receives input for several actors including the consumers, 

market analyst, sales, purchasing and marketing department, R&D sections, suppliers, 

regulators etc. The starting point is to apply the concept of Quality Function 

Deployment using a House of Quality tools where different product functions are 

matched with the engineering parameters and the demands are often ranked in terms 

of their quality and desired characteristics for the new or modified product. Designing 

and developing products for sustainability is an important part of product design and 

development, choices made at the earlier design stage are critical for product 
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sustainability compliance. The functional and performance requirements as indicated 

are design requirements that are vital for a sustainability design thinking. In turn 

material selection criteria are defined based on four major areas material properties, 

material cost and availability, material processing and product manufacturing and 

environmental performance Lightweight are becoming important in producing 

products that are more environmentally sustainable because they use less material, 

apply materials form nature that less damaging, recyclable and nonfinite in quantity. 

These choices are all important during the product design and development stage. 

The materials that fulfil performance, design and cost requirements can be considered 

as candidate materials for the product or application. Until recently these where the 

major aspects considered during material selection. The increased pressure for low 

environmental footprint has added the environmental performance as a new 

parameter in the material selection process. In the material selection model presented 

by (Ashby, 2009), environmental information is provided, together with the physical 

and mechanical properties of the material, in the form environmental footprint 

indicators for instance energy or CO2 footprints. Detailed models on material 

selection where physical characteristics are combined with environmental 

performance indicators can be referenced to software such as CES-edupack. 
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4.0 ANALYSIS AND PRESENTATION OF THE STUDY RESULT 

In this chapter, we will be pairing our field work results and analysis to basic 

theories, key concepts and elements of the study as already discussed in chapter 3 

such as the Environmental Management System (EMS), ISO 14001 and Life cycle 

perspective and explore the relationship between these key concepts and our main 

questions for this study as outlined in subchapter 1,3 which includes (1) Studying 

what is said and written about product design and development in combination with 

life cycle perspectives in respect to ISO 14001:2015. (2) Exploring what 

organizations need to show the auditors that certify organizations for ISO 14001 (3) 

Understanding the obstacles to developing and designing products/services 

considering the life cycle perspectives as indicated in ISO 14001:2015 standard.  

4.1 Concept Evaluation 

Concept evaluation remains a significant aspect of this study and it is expected that 

through concept evaluation and analysis we measure the results of our findings and 

match it with the central theme of our project. The concept evaluation model will be 

based on the results of our methodology which includes literature reviews, 

questionnaires and policy document analysis. Extensive search and analysis of 

previous studies in relationship to the application of ISO 14001 amongst product 

manufacturers and technical consultancy firms and innovative approach to the use of 

ISO 14001. Extensive use of the research studies performed in the past linking ISO 

14001, environmental management system to innovation and creativity in new 

product development. This ideas would be explored and investigated to establish the 

link between product innovation and excellence and effective EMS system. 

A theoretical assertion was framed up with the studies based on previous surveys 

where the link between product innovation and EMS system was missing and 

unlinked because companies and organizations could not establish the financial and 

economic advantages of applying an EMS system except to fulfilling customer’s and 

social demands. Several previous studies have asserted a negative co-relationship 

between ISO 14001 standards on product innovation and creativity. 

Through the study methodology, theoretical information was gathered, analyzed and 

results were evaluated to match and disprove our assumptions that companies are 

most unlikely to adopt EMS system based on financial and economic benefits and 

that the process of applying the EMS system and securing certification was 

cumbersome and difficult. 

The outcome of our literature search motivated our questionnaires to the companies 

to establish if there was a link between product innovation, excellence and EMS 
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system and if the companies where of the opinion that product life cycle perspective 

was practically applied during product design and development and if auditors strictly 

applied the concept of product life cycle perspectives as a requirement in evaluating 

companies for certification and periodic audits and if the system of EMS application 

was perceived as cumbersome and difficult to obtain. 

A questionnaire containing all the aspects of the link between ISO 14001:2015, 

Environmental management standards, product innovation, creativity and excellence 

was distributed to some chosen ISO 14001 certified product manufacturing 

companies and technical consultancy companies and their respective answers were 

collected and interpreted. A basic sorting was done to align all the answers together, 

analyze their response and evaluate results with the help of the voice of the 

respondents. Due to the insufficient number of returned questionnaire, the study 

equally evaluated official policy documents of some chosen companies regarding ISO 

14001 and EMS strategies as to understand how the EMS system is integrated to their 

product development.    

Key phrases were used to indicate the relationship between the environmental 

management standards and innovation and creativity along with quality assurance as 

a key point. All of these models, literature review, survey based/policy data analysis 

were grouped together to reach a final conclusion.  

Prior to carrying out an analysis of this study, it is important to look at key areas of 

ISO 14001 standard where product development was mentioned as shown in table 

4.1. Understanding the framework of the standard in relation to product development 

will enable this study draw and analysis on the implementation of those key clauses 

in the standard that are related to product development and design. 

 

 

Formulation Context Standard Section 

Top management shall define environmental policy and ensure that it is relevant to the 

nature, scale and environmental impacts of its activities, products or services 

Requirements regarding an 

organization’s environmental policy 

ISO 14001 4.2 

An environmental aspect is an element of an organization’s activities, products or services 

that can interact with the environment 

Definition of the central term 

‘‘environmental aspect’’ 

ISO 14001 3 

The organization shall maintain procedures to identify the environmental aspects of its 

activities, products or services. The organization shall ensure that the aspects related to the 

significant environmental impacts are considered in setting environmental objectives 

Description of procedures to identify 

environmental aspects and determine which 

are significant. Also, a linkage between 

significant environ-mental aspects and 

objectives/targets should be made 

ISO 14001 4.3.1 

The organization shall establish and maintain documented environmental objectives and 

targets at each relevant function and level within the organization 

Description of where in the organization 

environmental objectives and targets 

shall be established 

ISO 14001 4.3.3 
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If a project relates to new developments and new or modified activities, products or 

services, programme(s) shall be amended where relevant to ensure that environmental 

management applies to such projects 

Requirements concerning environmental 

programmes 

ISO 14001 4.3.4 

For products, this may address design, materials, production processes, use and ultimate 

disposal 

Recommendation on what an environmental 

programme could encompass 

ISO 14001 Annex A; 

A.3.4 

Key principles for managers include encouraging environmental planning throughout the 

product or process life cycle 

Key principles for managers 

implementing or enhancing an EMS 

ISO 14004 0.1 

The policy can state commitments to minimize any significant adverse environmental 

impacts of new developments, embody life cycle thinking and design products in such 

a way as to minimize their environmental impacts in production, use and disposal 

Practical help on the formulation 

of an environmental policy 

ISO 14004 4.1.4 

One of the issues to consider in identification of environmental aspects concerns how any 

intended changes or additions to products or services will affect the environmental 

aspects and their impacts 

Guidance on identification of 

environmental aspects and evaluation 

of associated environmental impacts 

ISO 14004 4.2.2 

Objectives can include commitments to design products to minimize their environmental 

impact in production, use and disposal 

Practical help on the establishment of 

environmental objectives and targets 

ISO 14004 4.2.5 

The organization should consider activities to prevent pollution and conserve resources in new 

products 

Practical help on operational control ISO 14004 4.3.3.3 

Where multiple activities or physical facilities produce or provide a particular product or 

service, the organization should take them into account when evaluating environmental 

performance 

How to select operational performance 

indicators ( OPIs ) 

ISO 14031 3.2.2.3 

An organization may select its indicators by considering the inputs and outputs associated 

with a particular product, and the significant environmental aspects and impacts at any 

stage of a product’s life cycle 

Guidance on how to use a life cycle 

based approach when establishing 

indicators 

ISO 14031 Annex A 

A.3.2.3 

Table 4.1 - Important product-related formulations in the ISO 14000-series.The formulations are paraphrased to 

some extent (Adapted from J. Ammenberg, E. Sundin / Journal of Cleaner Production 13 (2005) 417-431) 

An analysis of the study results will now enable this study to identify the factors that 

pose digressed challenges for integrating life circle perspectives to product 

development and design and developing a model that will ensure the integration of 

product life cycle perspective in all product chain of the organization. 

4.2 Analysis of Key Thesis Questions 

Research Question 1: What is said and written about product design and 

development in combination with life cycle perspective according to ISO 

14001:2015? 

This very answer will be explored by the literature review, however the study will 

also study key policy documents and analyze its contents for the chosen companies 

and review answers to the above research question. The EMS policy documents and 

the questionnaires were carefully analyzed and key answers were entered into a set of 

matrix, where analysis were drawn (Appendix 3 and 4).  As shown in the 

questionnaire analysis in Appendix 3 and the document analysis in Appendix 4, 

sustainability issues and customer’s satisfaction were the key factors driving 

companies to adopt ISO 14001 scoring above 25% of the five factors that were listed. 

Other issues are better ecological choices, when added to the previous 2 choices 
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constitutes over 80% of the reasons for ISO 14001 certification. Product innovation 

and financial rewards are not key issues based on the result of the survey.   

In analyzing question 2, Appendix 4, 75% of the organizations did not mention if 

product life cycle perspectives remained an integral part of their EMS and ISO 14001 

strategies which means product LCP were not considered as a critical factor in 

carrying out product design and development. The same question came up as 

question 6 in Appendix 3 and 80% of the organization didn’t consider Product life 

cycle perspective as an important aspect of their product design and development. 

The reason given by many of the firm is that it was not applicable to their operations 

even though they engaged in product design and development as consultants. In 

Appendix 4, question 3, regarding the issue of EMS and ISO 14001 remaining a vital 

part of product development and technical service deliveries, approximately 63.6% of 

the organizations did confirm that relationship. This is positive but the value still falls 

below an acceptable threshold because a significant majority of the organizations 

needs to understand and analyze how their products complies with the general 

requirements of ISO 14001 and their EMS regarding product LCP. The organizations 

need to look at the requirements of important clause in the ISO 14001 standard and 

their EMS to develop products that are complaint. However, when it comes to 

integrating product life cycle perspectives to product design and development, even 

though Product LCP is embedded in ISO 14001, the concept entails profiling the 

entire life cycle of the product by doing a theoretical analysis of its life time existence 

at the design and development stage as a means of predicting the products life 

history, which is also called cradle to grave and the requirements at this point will 

include the amongst others the materials used for the product. This later aspect 

becomes a challenge to most organizations.      

In question 4, Appendix 4, 63.6% of the organizations discussed having internal 

checks for evaluating the implementation of EMS and ISO 14001. In question 5, 

Appendix 4, 91% of the organizations, stated that they have staff dedicated to the 

implementation of EMS and ISO 14001 strategies. 45.5% of the organization in 

question 6, Appendix 4, stated they have a tool to measure the success of EMS and 

ISO 14001 implementation. In question 7, Appendix 4, 54.5% of the organizations 

discussed having a set of strategy regarding improving their EMS strategies and ISO 

14001 indicators. In question 8, Appendix 4, 82% of the organization discussed other 

areas of applying EMS and ISO 14001 besides the areas earlier listed. Some of the 

areas that organizations showed strong interest in includes waste management and 

disposal, prioritizing other eco-friendly suppliers etc. in areas such as hygiene 

products, machines, company cars, toiletries, office furniture etc. 

Research Question 2: What do organizations need to show auditors that certify 

organizations for ISO 14001:2015?  
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The reason for this question was to understand if integrating product life cycle 

perspectives in product design and development for ISO 14001 certified companies 

formed an essential part of the key requirements for ISO 14001 certification. From the 

single questionnaire response, auditing bodies were assessing interview statements 

from personnel who are directly involved in operations, assessor observations, 

documentary evidence from assessed organization and relevant inspections and 

requirements from authorities and interested parties. The auditing bodies were 

focused on abstracting system maturity and attitude to EMS work from that. This in 

effect means that the companies EMS strategy was the focal point and compliance to 

these strategies were important to define how prepared companies were for the 

certification. It can be stated that product life cycle perspectives were a significant 

tool as required by the new and modified ISO 14001:2015 but it was not ranked as a 

statutory requirement (ISO Committee and International Accreditation Forum (IAF). 

2020) stated that companies are not compelled to meet this requirement but are 

encouraged to deploy vital tools for integrating product life cycle perspectives in 

product design and development. When further asked how many companies do 

actually integrate life cycle perspectives in their product design and development, the 

auditors estimated about 10% of the companies. This is further reinforced by the fact 

that product LCP is just a new reflection which came into effect in 2015 in the ISO 

14001 series. The answer may not be statistically tested, but in reality and in 

accordance with literature reviews and policy documents (ISO Committee and 

International Accreditation Forum (IAF). 2020), it is evident that majority of the ISO 

14001 certified product manufacturing companies do not apply the concept of product 

LCP to product design and development. In a study carried out by (Ammenberg and 

Sundin, 2005) having surveyed nine ISO 14001 auditors in Sweden, with regards to 

how external environmental auditors interpret and apply important product-related 

requirements of ISO 14001 at manufacturing companies in Sweden, The study found 

out that majority of the auditors require that environmental considerations are 

incorporated into the product development process. One of these auditors emphasized 

that it is up to the company to decide if these considerations are to be prioritized in 

comparison with other product criteria. Three of the respondents said that they cannot 

find support in the standard for such requirements. Instead they bring this question up 

as a point for discussion. 

 

Research Question 3: Do organizations considered it significant to integrate 

product life cycle perspectives to product design and development?  

The analyses of key documents of selected companies and the questionnaire indicates 

that organizations did not consider it significant to integrate product life cycle 

perspectives to product design and development. This is evident from the policy 

document analysis, Appendix 4, question 1 and questionnaire analysis, Appendix 3, 

question 1, which indicates that over 75% of the organization did not mention 
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integrating Product LCP to their product design and development nor did they view it 

as a motivating factor in implementing ISO 14001 strategy. If the organizations 

considered such relationship as significant most organizations would have clearly 

indicated this relationship in their key EMS policy documents, and probably a 

detailed explanation of how the organizations are integrating environmental goals in 

product development and also fulfilling one of the most significant mandate of ISO 

14001 and an effective EMS policy guidelines. However, (Shane  Schvaneveldt,, 

2003) have argued on the need and importance of improving the environmental 

performance of products, if organizations take appropriate steps at integrating product 

life cycle perspectives at the product planning and design stage. It becomes 

increasingly difficult to improve a product’s energy consumption, materials usage, 

recyclability or toxicity beyond its originally designed performance levels if 

sustainability parameters are missing at the initial stage of the design and 

development. It is estimated that 80-90 percent of a product’s environmental impacts 

are determined at the early stage of the product development process, (Shane 

Schvaneveldt, 2003). Questionnaires obtained from ISO 14001 auditing and 

certifying companies indicates that approximately 10% of the ISO 14001 audited and 

certified companies understand that product life perspective is an integral part of ISO 

14001. A further reinforcement to this result is as stated by (Ammenberg and Sundin, 

2005) where the outcome of a study survey regarding auditor’s perception of 

producer’s integration of product LCP in EMS indicated that the link between EMS 

and product development is rather frail. The study stated that products are hardly seen 

as significant environmental aspects and are therefore not within the main scope of 

many EMS. Rather environmental strategies are mainly focused on sites. In the study, 

majority of the interviewed auditors demands that some kind of environmental 

considerations be incorporated into product development, but these considerations are 

to large extent site oriented; how they are prioritized in relation to other factors such 

as economics and other customer priorities appears to be up a decision and strategies 

of the companies. Same observations have been made by (Michael Frein, 1998) in a 

study where 42 Swiss companies producing electrical and mechanical products were 

surveyed in 1997, the result reinforced the problem of translating environmental 

concepts such as product life cycles into product designs. Most of the companies 

surveyed had the resources and capacity to integrate environmental concerns through 

product life cycle analysis into their products but in actual fact, a fraction of the 

companies did actually integrate environmental goals into their product design.   
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5.0 DISCUSSION OF THE STUDY RESULT  
In this section, a detailed discussion of our study results will be carried out. 

 

5.1 Economic Value in the Supply Chain. 

As evident from the study results, environmental sustainability, customer demands 

and other factors such as ecological choices were the factors driving organizational 

interest in ISO 14001 certification. Key issues in manufacturing such as product 

innovation, cost reduction and profitability are not listed as the key factors for 

companies taking ISO 14001 certification, this is in contrast to ISO 9001 certification 

where factors motivating companies for certification includes the incredible pressures 

for continuous improvement of the quality of their products, cost reduction, 

efficiency and effective product manufacturing strategies, the need to bring 

innovative product to the market at led times and achieving product designs that 

fulfils the customer’s needs and desires (Evans and Lindsay, 2017). If our concept of 

environmental sustainability as exemplified in the application of EMS and ISO 14001 

must achieve rapid success like Quality Management System (QMS) and ISO 9001 in 

product manufacturing where cost reduction, product innovation, production 

efficiency and effectiveness are the driving forces, these are core economic and 

technical goals that save companies money and spur profitability thereby having a 

stronger motivation for companies to aim at applying ISO 9001. For ISO 14001 to 

have same breakthroughs in application, organizations must engage in a paradigm 

shift where the motivational factors for applying EMS and ISO 14001 strategies are 

driven by innovative economic and technical factors that will create product 

innovation, manufacturing efficiency, production effectiveness and ultimately lower 

the cost of production while leading to profitability than mere moral obligations 

which will lead to a mindset of merely changing organizational slogan to reflect 

environmental sustainability and eco-friendly organization. Without a corresponding 

product innovation and manufacturing efficiency, the driving force for ISO 14001 

and its corresponding EMS will dissipate with time if the production system does not 

lead to effective and efficient production system like ISO 9001 and QMS where 

product manufacturing have increasingly become effective and efficient through the 

application of several tools such as statistical process control, cause and effect 

diagram, Pareto charts, Failure Mode and Effect Analysis (FMEA), Cause and Effect 

diagram etc. According to Deming, quality is a predictable degree of uniformity and 

dependability, at low cost and suited to the market. Deming identified 14 principles 

of quality management to improve productivity and performance of the organization 

(Evans et.al). Policy strategies linked to product innovation and cost reduction is 

always a sustainable policy because it is self-convincing for organizations to 

implement the policy strategy.   
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Product manufacturing as it relates to formulating EMS and ISO 14001 certification 

should also reflect in product development and innovation making organization to 

save cost and have more innovative product through making smart environmental 

choices both in terms of the raw materials used for the production of the goods and 

also the production processes are vital to energize organizational interest in EMS 

strategies and ISO 14001 implementation. In modern day engineering, there are tools 

that assist mechanical designers and companies chose ecological and more 

environmentally friendly materials for production of engineering parts and as a result 

attain comparative cost advantage over conventional materials (Michael F. Ashby 

2005), companies should develop new methods for measuring environmental policies 

and look at the advantages gained in terms of product innovation and production cost 

savings compared to conventional manufacturing techniques and EMS system should 

streamline this strategies for design and production engineers.  

TQM has a set of operational strategies that guide an organization to continuously 

improve. There are fundamental principles that are embedded in TQM, these are its 

basic principles and includes amongst other things, commitment by management to 

operate TQM as a continuous process and not a “start-end” process, a focus on 

customer’s needs and desires and a commitment to fulfil those essential aspects of the 

customers desires that are fundamental for the overall quality of the organizations 

products and services. EMS should also be applied as a process of continuous 

improvements, organizations must continuously measure success through checking 

the contents of environmental sustainability in their product and improving same as a 

continuous process. 

EMS must be applied as an organizational process, like when companies choose to 

streamline and screen its suppliers based on the content of ecological input in their 

supplied products, however, organizations must apply EMS and ISO 14001 in its own 

product. This is often over looked, the content of ecological raw material choice in a 

manufacturing company produced or technical service offered during product 

development. By these strategies at product development level, organizations can 

choose more ecologically and environmentally inspired lightweight materials to 

produce engineered goods by reducing weight, invariable saving on fossil fuel 

consumption and transportation cost. The environmental management systems (EMS) 

should be an environmentally effective tools used for the purpose of controlling 

important environmental parameters of a products as it affects the flows of materials, 

primary raw materials and energy, which for manufacturing companies are directly 

connected to their products (Ammenberg and Sundin, 2005). 
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5.2 Integrating Carbon Emission Trading in Balance Sheet Report. 

Environmental strategies and goals must be tailored towards motivating organizations 

that take the green step of investment while designing and developing products. One 

such tool is the idea of monetizing carbon emission trading and integrating the 

monetized value in the accounting balance sheet of companies.  

Carbon emissions trading is a form of trading that targets carbon dioxide reduction in 

accordance with the Kyoto Protocols by calculating total carbon dioxide emission 

tonnage equivalent for each country. For countries that pollute with less carbon 

dioxide, they can sell the unused rights at the international market and for those 

polluting more, they will have to buy more carbon dioxide emission rights at the 

international market. While internally the country’s carbon dioxide emission 

authority would be able to sell and buy right from companies operating in its 

territory. While many OECD-countries have had environmentally related taxes for 

decades, the use of tradable permits is a more recent development. One early example 

was the nation-wide SO2 trading scheme introduced in the United States in 1995 as a 

result of the 1990 Clean Air Act Amendments (Ellerman et al., 2000; Burtraw and 

Palmer, 2004). Another large-scale example is the common European Union 

Emission Trading System (EU ETS) for CO2-emissions permits that was introduced 

from 1 January 2005. This form of permit trading is a common method countries 

utilize in order to meet their obligations as specified by the Kyoto Protocol; namely 

the reduction of carbon emissions in an attempt to reduce and mitigate future climate 

change. 

Under Carbon trading, a country or a polluter having more emissions of carbon is 

able to purchase the right to emit more, while the country or entity having fewer 

emissions sells the right to emit carbon to other countries or entities. The countries or 

polluting entities emitting more carbon thereby satisfy their carbon emission 

requirements, and the trading market results in the most cost-effective carbon 

reduction methods being exploited first. 

Tradable permits, carbon emission permit or carbon taxes is another fundamental 

policy that is vital to equitably measure organizational profitability in relation to 

environmental compliance through product innovation and cost reduction for 

organizations. For companies selling carbon emission rights, the trading values 

should constitute an income and expressed as an inflow into the revenue account, 

while for companies and organizations buying tradable carbon permits or carbon 

emission the trading values should be tagged as expenses and entered as negative 

resource outflows in the company account and balance sheet presentation. By 

assigning monetary values to environmental policy compliance, companies will be 

motivated to assign more resources to efficient and effective environmental complaint 
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decision viewing it as a clear goal for product innovation and process efficiency. This 

strategy can equally be duplicated for other environmental parameters such as 

pollution emission particles, sustainable and renewable raw material choices in 

product manufacturing and also strategies in streamlining environmental friendly 

policy compliance in the entire production chain. Companies will be motivated to 

increase revenue streams positively by having an EMS strategy and ISO 14001 that 

leads to effective product innovation and as a result gain an extra positive revenue 

and eventually profit in its operations, which means saving costs generally.  

As indicated in the analysis (Appendix 3 and 4), over 75% of the company policy 

documents studied and analyzed including the questionnaires did not consider 

product life cycle perspective as an important part of their EMS strategy and ISO 

14001 implementation. Most companies particularly the ones operating as technical 

consultancies do not consider product life cycle perspectives as provided in ISO 

14001:2015 as an integral part of product development, rather companies tend to 

focus on the use of ecological and environmentally sustainable secondary goods such 

as corporate cars etc. as part of their commitment to an environmentally sustainable 

future and by extension their fulfilment of ISO 14001 certification. However, the 

question is if your company executives drive solar powered or electric cars powered 

by wind turbine, but product development department does not take into 

consideration the total percentage of renewable raw materials used in product design 

and development, have they fulfilled the mandate of an effective and innovative EMS 

and ISO 14001 requirements?. Probably no, because the mandate must be holistic in 

nature and transcend all structures of the organizations. This shortfalls can equally be 

viewed in the framework of the first postulation that companies must locate a cost 

benefit analysis to get motivated to implement an innovative idea. 

In conclusion, monetizing carbon emission trading in accounting balance sheet will 

motivate companies to invest enormously in greening their production line and as a 

result increase the value of their stock market, as a result of the anticipated positive 

results companies will be self-motivated to invest enormously in sustainable and eco-

friendly products fulfilling the requirement of product life cycle perspectives in their 

product chains.   

In question 4, Appendix 4, the study focused on analyzing the available internal 

checks as regards evaluating EMS and ISO 14001 compliance, 63.6% of the 

organizations discussed having internal checks for evaluating the implementation of 

EMS and ISO 14001 while 91% of the organizations in question 5, Appendix 4 stated 

that they have staff dedicated to the implementation of EMS and ISO 14001 

strategies. In same Appendix 4, 45.5% of the organizations in question 6 discussed 

having a tool to measure the success of EMS and ISO 14001 implementation. 54.5% 

of the organizations discussed having a set of strategy regarding improving their EMS 
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strategies and ISO 14001 indicators in question 7 while 82% of the organization 

discussed applying EMS and ISO 14001 in other areas such as demanding their 

suppliers to fulfil these conditions or generally purchasing environmentally friendly 

cars, articles etc. besides applying it in product development. These responses shows 

the companies have a clear focus to attain the objectives of ISO 14001 and their 

respective EMS strategies albeit at the policy level, while the core aspect of its 

application in product development level, such as choice of more ecological raw 

material in production are often neglected, also doing a detailed product LCP is 

important albeit statutorily non-obligatory as part of the fulfilment of EMS strategy 

and ISO 14001 certification. As stated, it is important that organizations such as 

product manufacturing companies should prioritize integrating product life cycle 

perspectives in their product design and development stage. This constitutes a 

significant part of compliance to provisions of ISO 14001 standardization as 

expressed in several clauses of ISO 14001 standardization.  

5.3 Design for the Environment (DfE) 

Design for the Environment (DfE) have also become a key issue as environmental 

challenges and the potential of product development to minimize those challenges 

becomes a key issue, the role of design engineers and product developers has 

changed. New products are expected to be functional and appealing and have a low 

environmental and carbon footprint and this is where the concept of sustainable 

product development (SPD) is vital (Kurk and Eagan, 2008). In order to be able to 

deal with this challenge, systematic and integrated product development processes are 

needed that consider environmental issues together with functional and economic 

attributes. Such integrated processes are referred to as “Design for Environment” 

(DfE) or “Eco-design” practices and the processes for its achievement is SPD 

concept. The integration of sustainable thinking into engineering product design are 

the key elements of product life cycle perspective. Product development and design 

must now take into consideration, not only the production or manufacturing of the 

product but also the end life of the product. How it is treated at the terminal end of its 

usefulness. 

 

The integration of DfE at the product design and development stage is important and 

it is also vital to state that effective policy tools are the panacea for the successful 

implementation of innovative and eco-friendly product design and development 

strategies and the application of sustainability thinking and concepts in product 

design as a way to motivating companies to apply these tools. (Ammenberg and 

Sundin, 2005) stated as follows, “Several recent studies indicate that it may be fruitful for companies 

to integrate concepts of design for environment (DfE) into environmental management systems (EMS), although 

there are many important barriers to overcome. DfE thinking might enrich EMS by contributing with a life cycle 

perspective, thereby helping the organization to identify the most important flows of materials and energy upon 

which to focus. On an organizational level, this integration could induce better relations with stakeholders. At 

the same time, EMS may be useful to make corporate DfE efforts more permanent, i.e. lead to consistent and 

systematic DfE activities”. 
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To improve products environmental performance indices, organizations should 

deploy design for environment (DfE) tool and practices. The intent of DfE is to make 

environmental considerations an integral part of product design by motivating 

product designers and engineers to understand and reduce a product’s impact on the 

natural environment over its life-cycle from materials procurement and manufacture 

through distribution, consumption, and end-of-life disposition. (Shane  Schvaneveldt, 

2003), (figure 5.1). 

The green dotted 

arrow in figure 5.1, 

aptly describes the 

integrated 

conceptual strategy 

of applying design 

for the environment 

compared to the 

linear concept of 

product design and 

development. 

Product designers 

have to take into 

consideration all 

environmental challenges from the point of designing, to the point of recycle. For 

example Sony Electronics, began to design products with joining and clip technology 

instead of screws, which eased disassembly and reuse of materials at the end of 

product life. Design progressed to alternative materials where non-lead solder 

(material selection) were selected, efficient use of energy and castings made from 

biodegradable polymers, which enable good recycling practices for their products.  

Design for the environment is an important tool in integrating product LCP to product 

design and development at the conceptual stage of the product. (Kurk and Eagan, 

2008), further stated that integrating environmental aspects in product development at 

the earliest stage alongside traditional product design criteria such as functionality, 

costs, aesthetics, safety, reliability and ergonomics is important to incorporate the 

eco-design concept into the product. It is about having a holistic perspective to 

product design and development through viewing designs from an eco-friendly 

perspective. Suffice to note that, many studies have examined design for environment 

(DfE) initiatives in product design and development amongst and it is noted that they 

set the conditions for a successful implementation of sustainability thinking in 

product design and development. The most common factor that emerges from these 

analysis is the importance of clear environmental goals and measures for products 

design and development. The establishment of an environmental vision and related 

goals is a fundamental requirement to successfully implement DfE, (Michael Frein, 

1998) further reinforces the argument and describes the need for defining 

environmental goals and integrating them into the product development process at an 

Figure 5.1 - A conceptual diagram of DfE 
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early stage. (Schvaneveldt, 2003) also stress the importance of environmental goals, 

at both the corporate and product level, that are specific and measurable, as well as 

the need for structure and incentives for environmental improvement. They suggest 

that if environmental goals are not integrated into the product launch criteria, the 

result is that environmental considerations are ignored or downgraded in importance. 

In addition, (Montabon, et.al. 2000) used case studies to examine differences in the 

adoption of environmentally responsible manufacturing including DfE among firms 

and found a significant divergence between firms considered innovators or early 

adopters and the remaining majority of firms with less progressive practices. In 

particular, they noted the use of DfE measures and tools as a distinguishing 

characteristic which separated innovators and early adopters from the rest of the 

firms. Adopting the principles of DfE will motivate most companies to properly 

integrate their product design and development goals in line with the product life 

cycle perspectives. As clearly indicated in Appendix 3, the companies clearly 

indicated that they do not view the application of product life cycle as an integral part 

of ISO 14001 strategies.   

5.4 Application of Strategic Product Development Tool 

As evident from this study and as clearly indicated in several literature reviews, 60-

90% of the environmental impact of any given product during its life cycle is 

determined at the design stage (Graedel et al., 1995). The design stage is the most 

important phase to reduce the environmental impacts of a product. This is because it 

offers the best degree of flexibility for modifications of functional layout, robustness 

and the related choice of components and interconnect technologies at minimum 

costs. As stated by most researches, 80 percent of the overall environmental impacts 

of a product is determined at design stage. During the process and manufacturing 

stage, modifications to the product becomes expensive and in some instances 

impossible. In general, the process of change diminishes from the product design 

stage. As a consequence, the design process must be supported by easily applicable 

and adaptable approaches for environmental impact assessment of the product with 

respect to selected life cycle stages. These approaches need to consider gaps and 

limited availability of system-related data especially in the very early and premature 

development stages of the design process (Eduard Wagner et al., 2016). 
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A simplified flow chart 

diagram and guide for 

integrating product life cycle 

perspectives in product 

design and development is 

fundamental at this stage 

(figure 5.2) and such design 

strategies can include design 

for reuse, design for recycle, 

and design for light weight, 

design for sustainability and 

design for efficiency. Taking 

a holistic perspective of for 

this design tools will lead to 

product innovation and the 

need to fulfil the strategies of an effective and efficient EMS strategy and ISO 14001 

implementation. This will involve analyzing product development from a more 

conceptual perspective where the ecological cost of the product is taken into 

consideration while integrating it to the cost of production.  

5.5 Alternative Approach - Product Development 

Inaki Heras-Saizarbitoria et.al 2013 have stated that the continual improvement of 

environmental performance is a key element of ISO 14001, however conformance 

with the standard does not in itself guarantee a substantial commitment in this area. 

ISO 14001 certification indicates the company has 

a consistent and well documented EMS, but it 

does not reveal the degree of control over 

environmental impacts (Oliveira et al., 2010). 

This is consistent with the result of the 

questionnaire and policy document analysis of 

ISO 14001 certified companies where it is evident 

that companies do not in reality apply consistent 

product LCP during product design and 

development. For product development concept to 

change, it is important to integrate product LCP 

and product development during the key stages. In 

ISO 14001 standard, auditors do not measure 

performance improvements beyond the documentation provided by the management 

system. This superficial implementation may explain the emphasis on paperwork and 

procedural conformity from organizations and auditors alike, but in reality it creates 

discontinuity in integrating product LCP to product development.  

Figure 5.2 – Process flow of sustainable design structure 

Figure 5.3 – Eco-design strategy wheel - 

Adapted from Costa et.al 2003 
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Johansson et.al, 1998 stated that reaching sustainability, will require significant 

changes to take place, eco-innovations meaning new products and processes 

providing customer values while using less resources, resulting in minimizing the 

environmental impact of product designs. Innovation theories and alternative system 

of product development thinking are key areas that will create and revolutionize 

product development that fulfils the true mandates of ISO 14001 and product life 

cycle perspectives. Product innovation should not always reduce the energy and 

material intensity of a product or pollution thereof, product innovation should offer 

profit at the benefit of decreased environmental burdens. Therefore, it is important to 

assess the environmental consequences, positive as well as negative, of every 

innovation. Product innovations and sustainable design should be assessed in all 

dimensions to ensure that the environmental merit in one dimension is not 

counterbalanced by increased environmental impacts in another dimension. The Eco-

design strategy wheel (figure 5.3) and material Intensity per Unit of Service is a 

useful tool to make this assessment, it is visual and is easy to understand. It is also 

useful to identify possibilities for improvements and to stimulate environmental goals 

(Costa G.J and Gouvinhas R.P, 2003). 

5.6 A Holistic Approach in Product development. 

There is a need to view sustainable product development from a holistic and a 

broader perspective. It is common to approach sustainable product development from 

just the environmental angle, however sustainability should be based on a triple 

bottom line which includes the environment, economy and social well-being, which 

is also referred to as planet, profit and people. Actions applied at these three levels 

should be global as well as local and taken into account the future generations 

(Lacasa, Santolaya and Biedermann, 2016). The need to balance environmental, 

economic and social demands should be well addressed in design engineering. 

Sustainable product innovation should be aimed at generating benefits that are 

collective in terms of the environment, society and economy, it should be a reflection 

of an out- of-the-box thinking, challenging conventional traditional systems that lay 

all focus on the environment and product development, (Maxwell, Sheate and Van 

der Vorst, 2003). The environmental aspect of the triple bottom line sustainability 

criteria which includes the environmental, social and economic focus is a key factor 

in general of a sustainable product and services development (SPSD). This type of 

approach is fundamental in eco-design as a means to balance all the competing 

environmental factors in product design and development. The incorporation and 

integration of economic and social parameters with environment to form a true 

sustainable product and service goal was rarely found in practice albeit vital for the 

success of eco-design. This provides a key towards a true and sustainable product and 

service development as distinct from solely reducing environmental solutions as the 

sole aim of sustainable products. Sustainable development is a significant and key 
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research area where the challenges of realigning the present path of development on a 

sustainable trajectory concerns all sectors of society, including engineering and 

manufacturing. Manufactured products impact all three key factors of sustainability 

vis-à-vis economy, environment and society, throughout a products life cycle which 

includes raw material extraction, product processing and manufacturing, 

transportation, use and disposal. Designing and developing engineering products 

from a sustainable perspective is a key starting point to addressing the problems of 

unsustainable manufacturing and production concept. Thus, considering the triple-

bottom line concept in product design, sustainability can be defined as the ability of a 

product to work continuously while ensuring lowest environmental impacts and 

providing economic and social benefits to the stakeholders (Shamraiz et al,. 2018). 

(Dorothy Maxwell et.al, 2003) further developed a set of indices for sustainable 

product development. This set of indices were questions that needed a detailed 

qualitative and quantitative answers prior to product development. The indices are 

subdivided into headings. The key variables for eco-efficiency, been a set of strategic 

thoughts were as follows: 

• Reduced volume of raw materials; 

• Eliminated and/or reduced hazardous raw materials usage; 

• Reduced energy usage; 

• Eliminated/reduced waste generation.    

 

For the economic indices 

 Improved product and/ or service functionality; 

 Cost saving. 

 Competitive advantage 

• new markets;  

• new marketing opportunities; 

• opportunities for innovation;  

• capability building; 

• improved supplier relationships; 

• enhanced corporate reputation. 
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6.0 CONCLUSION 
It is evident from this study that EMS is a very useful tools from an environmental 

point of view. The global trend amongst several economies today is a shift towards 

better environmental policies during product design, development and manufacturing 

rather than only focusing on the production processes (Martin Charter, 1998) and this 

is exactly what the product life cycle perspectives intends to achieve albeit as a non-

statutory clause. The existing strategies will not ensure a holistic, well integrated and 

achievable sustainable product design goals that fulfils the expectations of a well-

integrated ISO 14001 policy. However, many companies and organizations regard 

ISO 14001 certification as a guarantee for good environmental performance and 

auditors legitimatize the award of ISO 14001 certificates as a confirmation of 

organizational compliance to laid down rules and regulations in consonance with 

environmental requirements, however a significant percentage of this assessment is 

process based, this is when companies are only assessed based on the processes of 

production or alternatively on their ability to green their production process 

(Johansson, 2006). Johansson et.al, further stated “A number of surveys have shown that 

environmental considerations are not yet part of product development” these set-backs in product 

development are not only attributable to the companies and organizations, but rather 

it stems from the entire process governing ISO 14001. In a study carried out in the 

initial phase of ISO 14001 dissemination, the study interviewed 13 auditors, who 

represented some of the biggest Swedish certification bodies. That study showed that 

the standard leaves a lot of scope for interpretation by its users and that the external 

auditors applied the central requirements of ISO 14001 quite heterogeneously. The 

study clearly showed that the environmental impact of products in our ecosystem is 

rarely considered during product design and ISO 14001 auditors do not set it as a 

strong demand for a proof of its application during auditing (Inaki Heras-

Saizarbitoria et.al 2013). 

 

This study have shown that in reality, majority of the ISO 14001 certified 

organizations within the product manufacturing sectors do not strictly apply product 

life cycle perspective during product design and development. Most of the ISO 14001 

certified organizations are ignorant of the fact that achieving sustainability in product 

design deserves an evaluation of more than the processes of production, rather it must 

include the raw material content of the product and the output of the product 

(Johansson et.al. 1998).  Several analysis have been done to study the reason for such 

deviations however and as discussed in chapter 4, analysis of the study, they are 

several complex and intertwined causes in a web of complex interaction and these 

factors are responsible for the low input of environmental and sustainability concepts 

into engineering product development amongst ISO 14001 certified companies.  

It is the position of this study to state that focusing on the production processes is 

important, but for engineering products to be truly environmentally friendly in 
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consonance with ISO 14001, product life cycle has to adopt a holistic approach, 

whereby all factors in relation to a product has to be evaluated and the best 

sustainable product design and development approach adopted. Having analyzed the 

complex problems and challenges, these study have put forward specific strategies, 

concepts and interactive thinking, as outlined in chapter five, as means of achieving a 

truly holistic product design and development strategy that integrates the product life 

cycle perspectives as outlined in ISO 14001:2015 in product design, development and 

manufacturing. Suffice to add that in carrying out this study, an interesting dimension 

was added to sustainable product development within the context of product life cycle 

perspective in-accordance with ISO 14001. (Dorothy Maxwell et.al. 2003) stated that 

key sustainability benefit was the development of sustainable products and service in 

terms of their ecological soundness, economic efficiency and an analysis of their 

social impact.  

This thesis highlights some of the barriers to the development of sustainable products 

design and development within industries and suggests ways to eliminate or 

overcome these barriers. One way to eliminate or overcome the barriers of 

implementing a sustainable product development is to be cognizant of their existence 

and eliminate their occurrence by adopting an integrated approach. An integrated 

approach takes into account the complex relationship between the environment, 

social and economic factors. This will eliminate bottlenecks or hindrances through 

pragmatic implementation, and application of methods designed to meet the needs of 

key stakeholders, most notably industry, people and the planet through an effective 

implementation method designed to harmonize the needs of all relevant stakeholders. 

It is important to mention that challenges in integrating product life cycle perspective 

in product design and development as part of corporate EMS strategy and tools is not 

a simple task, nor one that offers a straight solution, rather it requires more than 

engineering and technological knowledge because it involves rather complex socio-

economic and environmental issues which require integration of various knowledge 

domains and interventions at several levels. Product design and development offers a 

stage or point at which to intervene in sustainable production and systems and the 

engineering design community can respond to these complex challenges through their 

creativity. Furthermore, as a means of strengthening this endeavor, some directions 

for improvements in the field are suggested in chapter 5. 
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7.0 CRITICAL REVIEW - METHODOLOGY 
In this chapter, the methodology applied during the study and the data collection 

strategy will be critically analyzed. 

7.1 Evaluation of the Methodology 

The result obtained from the study is based on an objective analysis of previous 

researches, studies, survey responses from respondents and corporate policy 

documents from ISO 14001 certified companies. A small group of respondents were 

involved in the study because of the limited time frame for the research work. More 

respondents would have been enlisted for the study if we had more time to carry out 

the study. This would have enabled us to sample a larger population and obtain a 

more varied view. However, we complimented the shortfalls in survey with a review 

of academic research papers. Most of the previous academic literature are based on 

extensive surveys and questionnaires within a larger and more diverse population.  

The study of several corporate policy documents such as corporate environmental 

management systems and other policy documents in relation to product development 

in ISO 14001 certified companies were also useful but of course fraught with its own 

shortfalls because as Bowen Glenn et.al argued, policy documents can have 

insufficient information to assist a study, documentations sometimes may not be 

retrievable, they may be aligned with the principles of the organizational leadership. 

However, they also have some inherent advantages such as easy availability, cost-

effectiveness, broad coverage and exactness.  

Validating data collected through analyzing policy documents, questionnaire surveys 

and literature reviews enabled the study to objectively understand the quality of the 

information obtained and all the chosen methodology for obtaining those data. 

Studying policy document gave the study a broader understanding of the strategies 

adopted by the sampled companies during the process of design and development of 

new and existing products. The study x-rayed the strategies adopted by corporate 

organizations in product design and development with respect to ISO 14001 and 

product life cycle perspectives. 

7.2 Environmental Aspect 

Sustainable and environmental-friendly approach to research study was applied in 

carrying out this study and preparing the thesis. Survey and questionnaires were 

dispatched to the respondents via emails and the respondents were encouraged to 

adopt electronic means for completion and submission of the questionnaires. During 

the process of analysis, the questionnaires and other data formats were held as 

portable document format (pdf) also called electronic documents. The choice of 

survey and literature review methodology were aimed at having the least impact on 

the environment and in situations where discussion with individuals or company 
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representative was desirable, the study team explored the possibilities of online voice 

and video meetings than physical meetings if parties were in varied locations and 

long distances exist between parties.  

7.3 Ethical Aspect 

A high level of ethics was maintained throughout the period of this thesis. Offensive 

and inappropriate behavior or actions were not displayed or accepted in any of our 

relationship with a third party or in our oral or written communication. Offensive, 

unacceptable and irritating language was never used, rather courtesy and etiquette 

was applied in all our written and oral communication. Privacy and anonymity of the 

respondents were considered in order to maintain the ethical considerations of the 

thesis. 

7.4 Economic and Social Aspect 

The choice of electronic questionnaires and online voice-and video conferencing 

research methods over printed medium saved the thesis group a lot of money. The 

thesis group constantly explored the possibilities of virtual meetings to physical 

meetings and interviews. This enabled us to use our limited financial resources more 

judiciously and for our limited funds to support us throughout the period of this 

thesis. Carrying out a thesis work of this nature can lead to some financial 

commitment through extensive travels both local and international, however, in our 

case, the amount of money spent was just marginal as we adopted cost saving 

strategies over expensive means of conducting research. The fact that we minimized 

the financial commitment of this thesis, did not affect the quality of our work. Rather 

it enabled us effectively gather data faster, effectively and efficiently and arrive at 

results much faster. 
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APPENDIX 

Appendix 1: Questionnaire – ISO 14001 certified companies 
 

2020-02-18 

Dear Sir/Madam, 

Our names are Stanley Worgu and Soroush Adibi.  We are studying Master’s degree in 

Mechanical Engineering at Halmstad University. Presently, we are doing our thesis work 

with the topic “An exploratory study of the prospects and application of life cycle 

perspectives and ISO 14001 in product design and development as a means of sustainability 

excellence and innovation” As part of the thesis research, we are conducting a survey 

amongst companies with ISO 14001 certification. 

We would appreciate if you can spare 15 minutes of your time to answer our questionnaire. 

Best Regards 

Stanley Worgu and Soroush Adibi 

QUESTIONNAIRE. 

 

Adopting Environmental Management System (EMS) and ISO 14001 - 

Motivations 

What are the main reasons that motivated your company to implement an 

Environmental Management System (EMS) such as ISO 14001? 

 

 

Have you gained anything from implementing EMS in your organization and your 

certification as an ISO 14001 compliant organization (Yes or No)? State? 

 

 

Challenges and set-backs regarding the EMS Implementation process 

Did your organization encounter barriers during the initial implementation of ISO 

14001 (Yes or No)? State?  

 

Did your organization engage an external consultant for the purpose of implementing 

an EMS system? (Yes or no)? 

 

 

What are the processes of EMS communication in your organization? 
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ISO 14001:2015 implementation and Product Life Cycle Perspective (LCP) 

Have your organization adopted product LCP as contained in ISO 14001:2015 (Yes 

or No)? State? 

 

 

Do you find the requirements for product life cycle perspectives (LCP) difficult to 

implement in your product design and development (Yes or No)? State 

 

 

How do you implement life cycle perspective (LCP) in your product design and 

development process?  

 

 

Do you have procedures to secure the outcome of your organizations implementation 

of product life cycle perspectives (LCP) (Yes or No)? State   

 

 

ISO 14001, Environmental Management System (EMS) and continuous 

improvement 

What are the main environmental objectives in your organization’s EMS Program? 

(list 2 main goals) 

 

Have your organization been able to attain its environmental goals and expectations 

through the implementation of EMS, ISO 14001 certification and Product LCP (Yes 

or No)?  

 

If “YES” State 

 

If “NO” What could be the barriers: 

 

Are their structures to continuously measure your organizations environmental 

performance and ensure continuous improvement (yes or no)? State? 

 

Organization improvement strategy applying ISO 14001 and product Life Cycle 

Assessment (LCA)  

Are their co-relationships between implementing product life cycle Perspectives 

(LCP) as contained in ISO 14001:2015 standard and achieving innovation in your 

product design and development? 
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How can the implementation of ISO 14001:2015 and product life cycle Perspectives 

(LCP) promote effective and efficient product design and development in your 

organization? 

 

Any other comment: 

 

Thank you for your participation. 

Stanley Worgu and Soroush Adibi 

 

Appendix 2: Questionnaire – ISO 14001 Auditors 
2020-02-18 

 

Dear Sir/Madam, 

Our names are Stanley Worgu and Soroush Adibi.  We are studying Master’s degree in 

Mechanical Engineering at Halmstad University. Presently, we are doing our thesis work 

with the topic “An exploratory study of the prospects and application of life cycle 

perspectives and ISO 14001 in product design and development as a means of sustainability 

excellence and innovation” As part of the thesis research, we are conducting a survey 

amongst companies with ISO 14001 certification and also auditors and certification 

companies. 

We would appreciate if you can spare 15 minutes of your time to answer our questionnaire. 

Best Regards 

Stanley Worgu and Soroush Adibi 

QUESTIONS. 

 

Organizational motivation to adopting ISO 14001 

What types of evidence does auditors from certification companies need during ISO 14001 

certification processes? 

 

 

As an auditor, how do you access the “degree of difficulty” in getting the ISO 14001 

certification? 
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How do companies motivate auditors that their Environmental Management System (EMS) is 

ISO 14001:2015 compliant? 

 

 

Does the auditing companies assist prospective companies seeking to acquire ISO 14001 

certification on a prospective part to success (Yes or No)? State?  

 

Approximately how many percentage of ISO 14001 certified companies thinks that the 

certification is positive to their operation? 

Approximately how many percentage of ISO 14001 certified companies think that integrating 

lifecycle perspectives in their operation is positive to their operation? 

 

 

In comparison, can you approximate in percentage the number of organizations divided into 

five major sectors that are ISO 14001certified? 

 

Manufacturing, Product development and design = %? 

Service sector = %? 

Governmental, affiliated agencies =%? 

Non-governmental, NGO’s, =%? 

Others=%?  

 

 

Are their quantitative or other analytical methods to measure the integration of product life 

cycle perspectives in the products of companies in manufacturing, product design and 

development sectors that are ISO 14001 certified? 

 

 

Does a significant (above 50%) of the ISO 14001 certified companies see the co-relationships 

between implementing ISO 14001 and achieving innovation in their operation? 

 

From the auditor’s perspective, how can the implementation of ISO 14001 and product life 

cycle perspectives promote effective and efficient product design and development in certified 

organizations? 

 

Any other comment: 

Thank you for your participation. 

Stanley Worgu and Soroush Adibi 



MP8007 Thesis in Mechanical Engineering  
Halmstad University 2019/2020 

48 

 

Appendix 3: Analysis of Survey Questionnaire for ISO 14001 Certified 
Organizations 

 

 

Appendix 4: Policy Document Review and Analysis  

 

 

 

 

 

 

 

Survey Questionnaire Analysis - ISO 14001 Certified Organizations. Answers Company A Company B Company C Company D Company E Total Score Percentage % Total %

1 What are the main reasons that motivated your company to implement an Environmental Management System (EMS) such as ISO 14001? Financial Reward/Profitability 0 0 0 1 0 1 9,1

Sustainability Issues 0 1 1 0 1 3 27,3

Product innovation 0 0 1 1 0 2 18,2

Customer Satisfaction 1 1 1 0 1 4 36,4

Others 1 0 0 0 0 1 9,1 100,0

2 Have you gained anything from implementing EMS in your organization and your certification as an ISO 14001 compliant organization? Yes 1 1 1 1 1 5 100,0

No 0 0 0 0 0 0 0,0 100,0

State reasons? Conciousness and knowledge to make changesEnvironmental factors as a priorityRanked as important env. IssuesMore environmental consciousnessEffective env. Goals

3 Did your organization encounter barriers during the initial implementation of ISO 14001? Yes 0 1 1 0 1 3 60,0

No 1 0 0 1 0 2 40,0 100,0

4 Did your organization engage an external consultant for the purpose of implementing an EMS system? Yes 1 1 1 1 1 5 100,0

No 0 0 0 0 0 0 0,0 100,0

5 What are the processes of EMS communication in your organization? Structured Policy document 1 1 1 1 1 5 100,0

Unstructured set of policies 0 0 0 0 0 0 0,0

Others 0 0 0 0 0 0 0,0 20,0

6 Have your organization adopted product life cycle perspectives (LCP) as contained in ISO 14001:2015? Yes 0 0 0 1 0 1 20,0

No 1 1 1 0 1 4 80,0 100,0

State reasons? We are not a manufacturing entityIt is not relevant for usWe have never felt it was desirableWe do as part of our Product dev and designWe never felt it was applicable

7 Do you find the requirements for product life cycle perspectives (LCP) difficult to implement in your product design and development Yes 0 0 0 0 0 0 0,0

No 0 0 1 1 1 3 100,0 100,0

State reasons? Not applicable for usNever given it a thoughtNot tested Dont know Not applicable

8 How do you implement life cycle perspective (LCP) in your product design and development process? Product design and dev. stage 0 0 0 1 0 1 20,0

Manufacturing stage Ex. Material Choice 0 0 0 0 1 1 20,0

End of life 0 0 0 0 0 0 0,0

At other stages 0 0 0 0 0 0 0,0

Not applicable 1 1 1 0 0 3 60,0 100,0

9 Do you have procedures to secure the outcome of your organizations implementation of product life cycle perspectives (LCP) Yes 0 0 0 1 1 2 40,0

No 1 1 1 0 0 3 60,0 100,0

State reasons? Not applicable for usNot aware Not applicableTo achieve our env goalsTo focus on our sustainability concern

10 What are the main environmental objective in your organization’s EMS Program? (List 2 main in order of importance) In-house sustainable product design 0 0 0 1 1 2 20

Suppliers eco-product compliance 1 1 0 0 1 3 30

Eco-products/services purchase 1 0 1 0 0 2 20

Staff environmental consciousness 0 1 0 1 0 2 20

Eco-friendly policies/decision 0 0 1 0 0 1 10

Others 0 0 0 0 0 0 0 100

11 Have your organization been able to attain its environmental goals and expectations through the implementation of EMS, ISO 14001 certification and Product LCP? Yes 1 1 1 1 1 5 100

No 0 0 0 0 0 0 0 100

State reasons? Positive resultGood Very much fineExcellent very positive We are doing fine

12 Are their structures to continuously measure your organizations environmental performance and ensure continuous improvement? Yes 1 1 1 1 1 5 100

No 0 0 0 0 0 0 0 100

State reasons? We have environmental goals that are updtaed regularly

13 Are their co-relationships between implementing product life cycle Perspectives (LCP) and achieving innovation in your product design and development?Yes 0 0 0 1 1 2 40

No 0 0 0 0 0 0 0

Not applicable 1 1 1 0 0 3 60 100

14 Can ISO 14001:2015 and product LCP promote effective and efficient product design and development in your organization? Yes, it can improve 0 0 0 1 1 2 40

No, it can't improve 0 0 0 0 0 0 0

Not applicable 1 1 1 0 0 3 60 100

Policy Document Review and Analysis Answers Fasad Teknik ABNM Trading & Transport Kährs Group FCAB Ramboll Brunbergs Bygg ABDunlop Nordic Biolabs Produal Rörvision Schüco Total Score Percentage % Total %

1 What did the organization mention as motivational Factor(s) for EMS/ISO 14001 Implementation, state? Financial Reward/Profitability 0 0 0 0 0 0 0 1 0 0 1 2 6,3

Sustainability Issues 1 1 1 1 1 1 1 1 1 1 1 11 34,4

Product innovation 1 0 0 1 1 0 1 0 0 0 1 5 15,6

Customer Satisfaction 1 1 1 0 1 1 1 0 0 1 1 8 25,0

Others 1 0 1 0 1 1 1 0 0 1 0 6 18,8 100,0

2 Did the organization discuss about Product Life Cycle Perspective been an integral part of EMS/ISO 14001 declarations? Yes 0 1 1 0 1 0 0 0 0 0 0 3 27,3

No 1 0 0 1 0 1 1 1 1 1 1 8 72,7 100,0

3 Did the organisation discuss applying EMS/ISO 14001 concepts during product development/technical serv? Yes 1 1 1 0 1 0 0 1 1 0 1 7 63,6

No 0 0 0 1 0 1 1 0 0 1 0 4 36,4 100,0

4 Did the organisation discuss having internal checks for evaluating the implementation of EMS/ISO 14001 Yes 0 1 1 1 1 0 1 1 0 0 1 7 63,6

No 1 0 0 0 0 1 0 0 1 1 0 4 36,4 100,0

5 Did the organisation discuss having a dedicated staff/unit to ensure EMS/ISO 14001 implementation Yes 1 1 1 1 1 1 1 1 0 1 1 10 90,9

No 0 0 0 0 0 0 0 0 1 0 0 1 9,1 100,0

6 Did the organisation discuss having a tool to measure EMS/ISO 14001 implementation successes Yes 0 1 0 0 1 0 1 0 1 0 1 5 45,5

No 1 0 1 1 0 1 0 1 0 1 0 6 54,5 100,0

7 Did the organisation discuss having a set of strategy regarding improving EMS/ISO 14001 indicators Yes 0 0 1 0 1 1 1 1 0 0 1 6 54,5

No 1 1 0 1 0 0 0 0 1 1 0 5 45,5 100,0

8 Beside Product Dev, did the organization discuss other areas where they apply EMS/ISO 14001 strategies Yes 1 1 1 1 1 0 1 1 1 0 1 9 81,8

No 0 0 0 0 0 1 0 0 0 1 0 2 18,2 100,0
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ABREVIATIONS 
ISO – International Organization of Standards 

LCP – Life Cycle Perspectives 

EMS - Environmental Management System 

SPD – Sustainable Product Development 

FMEA - Failure Mode and Effect Analysis  

OECD – Organization for Economic Co-operation and Development  

PDCA – Plan Do Check Act 

QMS – Quality Management System  
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