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ABSTRACT 
 

 

In the recent years, more and more manufacturing firms recognize the benefit of providing 

products together with related services with an aim to gain higher profits as compared to 

supplying products without additional services. On the other hand, the competition in the global 

markets has been increased dramatically through increased sales of services in order to gain 

additional value for their products. In addition, several environmental challenges such as climate 

change, pollution, global warming impact, greenhouse gases emissions have played a vital role by 

influencing on the production protocols and trend of the companies. These challenges forced 

manufacturing countries to take into consideration environmentally conscious approach to their 

design thinking and industrial production processes. As a result, it became an important drive for 

manufacturing industries to shift from traditional product-oriented to service-oriented business 

models that has been witnessed during the last few years. 

 

The objective of this study research is to develop common questions that capture fundamental and 

common issues about Integrated Product Service Engineering (IPSE), Design for Environment 

(DFE) and Engineering education are effectives for industries to check and develop their 

knowledge, because the Engineering education plays a necessary role in associating socio-ethical 

knowledge with scientific and technological advances. The strategy taken to conduct this thesis 

task was first to study and understand the concept of Product Service System (PSS), IPSE, and 

Ecodesign as well as Engineering Education. Informative knowledge on these concepts were 

collected by reviewing several related journal articles, CIRP IPS
2
 conference proceedings. 

 

In this thesis the concepts of PSS, IPSE, DFE and Engineering Education discussed to develop 

the key common questions and issues to address the environmental, economic and social 

problems. Since PSS aims to reduce consumption through alternative schemes of product use as 

well as to increase overall resource productivity and dematerialization, but IPSE does not focus on 

a single factor but incorporates a wide range of factors such as environmental, social and 

economic issues. Whilst one of the main problems in this research focused on how to develop and 

strengthen the relationship between the academia and industry, and how this relation can be used 

to improve the academic performance and scientific research at universities and transfer them to 

industry.  

 

Sustainability and the life cycle concept have become a main solution for various problems such 

as a growing world population and a change in the industrial culture to come. As results 

Ecodesign and environmental considerations, financial aspects, product improvement as well as 

the commercial aspects were discussed in this project by understanding the previous concepts. 

The university considered as an important base of cultivating the talents, basic of inputs business 

organizations which help them to develop and improve their level of performance and quality of 

their products and services, and enhance its competitive position in the market. Changes in 

organized science further encouraged university interests in expanding technology transfer, 

because the scientific disciplines play an important role in influencing the type of interactions 

with industry as well as the University and Industry collaboration became the basic method of 

solving the problems to achieve (environmental, economic and social) sustainability. 
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Chapter 1:  Introduction 

The introduction chapter describes the background in the area of study. This is provided to 

facilitate a quick grasp of the research along with the problem statement, objective of the study, 

research questions, delimitations and outline of the thesis.  

1.1 Background  

In today’s industrialized economy, majority of manufacturers of goods have achieved a 

substantial growth in their revenue and marginal shares through increased sales of services 

(Vladimirova et al., 2011). The increase in their marginal shares have attributed to their being 

able to survive in todays’ competitive global economies and the need to gain additional value. 

Therefore, in order to survive, manufacturing companies are compelled to develop innovative 

products that suit the customer’s demand while sustaining growth and competitiveness in an 

advancing global economy. In addition, the product’s life span has been increasingly shorten by 

the improving knowledge and information sharing technology, as a result stiffens competition 

among firms that are attempting to satisfy customer’s demands (Pedersen et al., 2012).  

Several western economies, sustain their production by shifting their market shares from 

manufacturing to a more product-service system (Martinez et al., 2010). The shift from 

‘products to services’ is profitable to both the manufacturers’, and consumers’ point of view. 

From the manufacturers’ point of view, the combining of product and service provision is 

driven by both their inclination to increase value purpose of their product and to meet the 

legislative requirements that enforces life cycle responsibilities (Isaksson et al, 2009; Isaksson 

et al., 2011). However, from the consumers’ point of view, their inclination is towards the need 

to shift from product ownerships to availability of its function (Isaksson et al., 2009; Isaksson 

et al., 2011). 

 

Sustainable production and consumption has increasingly become an issue of the current 

international concern. Many different approaches and concepts have been developed over the 

last decades to address the environmental burdens (Mont, 2002). These challenges have forced 

manufacturing countries to take into consideration environmentally conscious approach to their 

design thinking and industrial production as well as consumption pattern (Laperchea & Picard, 

2013). As a result, it became an important drive for manufacturing industries to shift from 

traditional product-oriented to service-oriented business models which is described by many 

researchers as Product Service Systems (PSS). However, a new strategy is called for in order to 

stimulate the change in current production and consumption patterns (Mont, 2002).  

According to (Mont, 2002), PSS is defined as; “a system of products, services, supporting 

networks and infrastructure that is designed to be: competitive, satisfy customer needs and 

have a lower environmental impact than traditional business models”. The principle behind 

PSS is a shift from the traditional approach, where the process of producing a product ends 

with the sale of the product, and a PSS phenomenon looks at the production process of a 

product throughout its entire life cycle in order to deliver economic and environmental benefits 

(McAloone & Andreasen, 2002). This, however, will involve a number of actors such as 

governmental intervention and ecodesign services so as to ensure production of a product in the 

product life thinking and ecodesign services (McAloone & Andreasen, 2002). The perspective 

of tackling economic, social and environmental consideration makes the company’s system 

complex and will require incorporating very many actors and stakeholders such as European 

Unions, governments, manufacturers, recyclers, waste management authorities and consumers, 

which can only be managed in a complex systems. The relations between these actors are the 
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key indicator of the product’s environmental performance over its entire life time. Therefore, in 

order to integrate environmental aspects into services, researchers have suggested the 

development of PSS as well as the integration of environmental aspects in the field of 

ecodesign.  

Furthermore, there has been an increasing awareness and need to minimise the environmental 

challenges such as pollutions, global warming, water scarcity, population ageing, raw material 

scarcity and climatic changes. For this reason, manufacturers are forced with the problem to 

design products and alternately a change in the production processes that are environmental 

friendly. In accordance to (Laperchea & Picard, 2013), firms are producing products and 

alternately changing their production processes in response to the environmental constraints, 

reducing their environmental footprints and improving their energy efficiency. The increasing 

awareness by firm, has imposed pressure on firms, to find innovative strategies to tackle 

environmental challenges (Lingegård et al., 2012). In other words, (Lingegård et al., 2012) also 

points out that the main reasons for these problems are tied to society's use of products, and in 

general caused by the following factors; 

(i) Number of products used; the growing population means that the rate of individual 

needs increases proportional to the number of products per capita produced. 

(ii) Time products are used; the average time a product is used before it is scrapped has 

decreased. There are several reasons for this, e.g. quickly-changing needs and poor 

quality.  

(iii) The methods of how materials and energy are consumed for a product; the material 

and energy invested in the production of a product are either not re-used or is used in an 

inefficient way. 

 

Many researchers have signified that the concept of PSS encompasses ideas that focuses on the 

importance of the increasing environmental constraints (Laperchea & Picard, 2013). Their 

arguments is based on the fact that PSS phenomenon looks at the production processes 

throughout the product’s life cycle. For some researchers, PSS is thought to embrace 

sustainability in relation to social, economic and environmental aspects (Bianchi et al., 2009). 

Hence, the adoption of PSS is based on competitive strategy, which utilizes products and 

production processes that embraces sustainable paradigm over the entire product life cycle 

seems to be the main focus of many stakeholders. 

 

The concept of PSS is still in a development state, not very many literature is available and the 

use of such phenomenon is very limited in the production industrial (Bianchi et al., 2009). 

However, the concept understanding of PSS principles and terminology has been conceived 

from the academia; a phenomenon which the industrial organization are still poorly informed 

(Bianchi et al., 2009). It’s therefore, a requisite to attempt to establish a dynamic relationship 

between the academia and the industries. The term academia is understood as the developers of 

PSS concept that have physical and intellectual accessibility of concepts, while the industries 

are the potential adopters of PSS concepts (Cook et al., 2006).  

The potential value returns of the PSS concepts are interesting concepts for industrial 

organisation to utilise, however, industries adopting it are undergoing fundamental PSS 

changes and are concerned about the key processes undermining economical return of their 

value proposition (Bianchi et al., 2009). Although, the practical adoption or transfer of PSS 

concepts to industries is very promising, many open issues can be realised ranging from the 

development of service engineering discipline, identification of drivers, designing 

methodologies and networking between providers and potential adopters (Bianchi et al., 2009).  



3 

 

In summary, there is a gap between the academia and the industrial organisations. Motivated by 

these gap, the focus of this thesis study is conceived to bridge the gap between the academia 

and the industrial organisation by developing common questions about IPSE and Ecodegin. 

 

1.2 Problem Statement  

PSS has provided a starting point for manufacturing companies looking forward to combat the 

changing market environment and therefore, enhancing their competitive position by providing 

comprehensive product and service. PSS itself has been defined and understood in different 

context by different researchers. In the recent years, authors are describing PSS as an integrated 

product and service offering that is aimed at delivering value in use (Baines et al., 2007). This 

is contrary to original representation of PSS by (Mont, 2002). However, the vision of most 

manufacturers is to provide their customers with fully functional offering, meaning that 

products are sold with both its use and other accompanying services. Services are provided in 

addition to the product sold. These services offered may include technical services, qualifying 

services, process-oriented services and logistical services (Aurich et al., 2010). Other authors 

have identified and presented other types of services offered as product-oriented services, use-

oriented services and result-oriented services (Tukker, 2004). In addition, manufacturing 

companies need to focus on the combination of the traditional product offerings with the 

services that customers desires. In this thesis work, therefore, the term Integrated Product and 

Service Engineering (IPSE) will be used.  

 

The IPSE principle aims at creating integrated product and service offerings (Lindahl et al., 

2007). IPSE seeks to incorporate lifecycle perspective thinking, by focusing not only on the 

production phases but also incorporating the use and the end-of-life treatment phases (Lindahl 

et al., 2007). This means that companies needs to evaluate the IPSE concept and the trend of 

the consumer demands so as to understand and identify trends, future demands and challenges 

to facilitate knowledge insemination. Therefore, this research study aims at developing 

common questions that are effective for industries to check and develop their IPSE. Base on 

this reasoning, this study aims at developing common questions that are effective for industries 

to check and develop their IPSE. 

 

1.3 Objective of the study 

This thesis study aims to develop common questions about Integrated Product Service 

Engineering (IPSE), Ecodesign & Engineering Education. These questions should capture the 

fundamental common issues related to IPSE, Ecodesign and Engineering Education concepts 

and also be effective for companies to answer in order to improve and develop their 

information and knowledge. These include related issues such as requirements, opportunities, 

and risks as well as how to address the challenges such as adjusting working procedures and 

incorporating the environmental aspect. 

 

1.4 Research Questions 

To fulfil the aims of this research study, four research questions were developed. The research 

questions was used as method to understand IPSE, Ecodesign & Engineering Education and 

later used to develop the common questions. The following research questions are put into 

subsections to guide the objectives of the thesis task. 
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Research questions to address the common issues about IPSE and Ecodesign: 

RQ-1 What are the opportunities and risks of IPSE & Ecodesign?  

RQ-2 What are the challenges of implementing IPSE and how can these challenges be 

addressed?  

Research question to address the transfer of knowledge:  

RQ-3 How can a good structural model to transfer knowledge between academia and 

industry look like? 

Research question to address the sustainability of IPSE 

RQ-4 How can Ecodesign be used to make IPSE sustainable? 

 

1.5 Delimitations 

To be able to achieve the objectives of this study, primary data was intended to be collected 

from selective manufacturing companies in the Swedish industries. Conversely, this was not 

possible so secondary data was used. Therefore, the thesis study was conducted based on 

different references collected such as articles published in literatures books authentic websites 

and studies. Neither computations nor quantitative approach was used, instead relevant articles 

found in the references were preferred. The common questions were developed on the basis of 

reviewing available different research papers such as journal articles, conference papers, books, 

etc. without doing interviews with local or global companies. 

 

In addition, there was not enough available information on the key words especially IPSE and 

Engineering Education. These fields of study are recent, not so many articles and research 

papers are available. Besides, there was no clear method to validate and justify the selected 

common questions which was the key to this thesis study. These limitation can be consider to 

further this study. 

 

1.6 Outline of the Thesis 

An overview of each chapter in the report is briefly presented as follows; 

 

Chapter 1: Introduction:  

The introduction chapter brings to the attention of the reader, the production transition of the 

manufacturing companies from product sellers to service provision. It also explains the benefits 

of this transition from both the manufacturer and the consumers’ point of view. The 

conceptualisation and description of product sellers to service provision transition is reviewed.  

This gives an informative background in which the thesis is based on. 

 

Chapter 2: Research Methodology:  

This chapter explains the steps used to collect the information for the purpose of attaining the 

right and accurate answers of the research questions. The section defines the research strategy 

taken, method of carrying out the literature study and the delimitation faced during this task 

 

Chapter 3: Theoretical framework:  

This chapter describes the theoretical ground work which is basically a review of the different 

disciplines and concepts such as IPSE, PSS and Ecodesign as well as training of engineering 

and management. It describes the literature information and background in order to facilitate 

the understanding of the research questions and results parts of the study. 
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Chapter 4: Results: 

In this chapter presents the research results. The result which is basically the common questions 

developed with their answers  

 

Chapter 5: Discussion and Conclusion:  

A literature built up from the theoretical framework and results parts are discussed in this 

chapter. Conclusions are drawn from the result and discussion. 

 

Chapter 6: Recommendation for Further study:  

Recommendations which are directives for further study are identified. 
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Chapter 2:  Research Methodology 

 

The necessary steps taken to carry out this thesis work is explained in three sections. This 

includes Research strategy, literature study methods and the description of the problems faced 

during this thesis work. 

 

2.1  Research Strategy 

To analyse the gap between the concept developers and the potential adopters of the IPSE 

concepts with the sole aim of developing common questions that are effectives for industries to 

check and develop their knowledge, a research approach was required to be developed. 

Research strategy here is geared to steps taken to identify relevant literature. The first step 

taken was to formulate the research questions. This research questions aimed at finding answers 

that leads directly to the thesis objectives.  

 

2.2 Choice of the Research Questions 

Research question for the theoretical framework is aimed at extracting knowledge and 

information which are well understood in the academia field. It is from these questions that 

adopter of the PSS or IPSE concept and the readers are able to understand the literature behind 

these concepts. 

On the other hand, industries are the intended adopter of the developed concepts of PSS or 

IPSE. Their major priority is aimed at maximising profit and for that reason there are questions 

that arise that help their needs to be checked. Therefore, research questions for developing 

common questions of IPSE, Ecodesign and Engineering education are intended to find answers 

that facilitate and uphold their profit margin.  

 

As discussed in chapter 1, companies are forced to enhance their competitive position in the 

global market. Producing companies that use to produce purely physical product are now force 

to focus on the production of physical product with addition of services. For this reasons there 

is a great necessity for innovative services. The growing demand for innovative services forces 

traditional product-oriented companies to perceive the potentials and strategic importance of 

services (Aurich et al., 2010). Innovative services enable these companies to ensure their 

market positions and to achieve economic success (Aurich et al., 2010). Just like in the 

commercial field, service innovation, or service design or service engineering is quickly 

developing. Due to this, it becomes necessary to better prepare student in the engineering 

design to cope with growing demand for innovative service. There will also be a need to 

readjustment of the education curriculum. For this reasons, the research question for the 

transfer of knowledge is directed to address issues of engineering education. 

 

2.3 Theoretical Framework  

The research question could well be understood from the understanding of IPSE or PSS 

concepts. A theoretical framework which is broadly discussed in chapter 3 was necessary. 

Therefore, in order to collect the informative data, steps taken were stated and these include the 

choice of the research, data collection methods and sources. 
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2.4 Choice of the Research Methods 

The research strategy is based on the objective and formation as well as finding answers to the 

research questions. The term research is defined by (Kothari, 2004) as a scientific and 

systematic search for pertinent information on a specific topic or as search of knowledge. The 

research approaches can be classified into various methods; however one of the most common 

distinctions is quantitative approach and qualitative approach (Myers, 1997). This research 

study has been conducted qualitative method, because it is based on related literature study 

without numerical figures. In according to (Sogunro, 2002), the qualitative approach can be 

defined as an inquiry process of understanding to its subject matter, based on complex or 

holistic and detailed views of information that conducted in natural setting. It other words, as 

defined by (Neergaard & Ulhøi, 2007), it is a multi-method involving interpretive, naturalistic 

method that attempts to make sense of or interpret phenomena in terms of the meanings that 

readers bring to them. For this reason, a qualitative research method was chosen, in which an 

investigation was conducted with aim of seeking answers to the research questions in this thesis 

work. This has been done by carrying out an in-depth understanding of some of the terms in 

this research study. A literature review was conducted and presented. The literature review was 

seen as the primary source of answering the research questions. 

 

2.5 Data Collection Methods and Sources 

The collection of informative data was based on the identification of relevant data sources, and 

keywords. A broad selection of database was recognized, ranging from journal articles, CIRP 

IPS
2
 conference proceedings, and books. Majority of the journal articles were sourced from 

Scopus, ISI Web of Knowledge academic databases and web investigation. The article 

databases most used include the journal of cleaner production and proceedings of Ecodesign. 

The keywords used were associated with PSS, IPSE, DFE, Ecodesign Engineering Education, 

Service Engineering, Product Design and Service Design. 

 

Furthermore, the selection of the useful journal articles was done by using "Web of Science". 

Accessing these articles was done using the web site of the library at Linkoping University. In 

order to search for the articles, the site of "web of science" was interested by the ISI articles. 

After choosing the related topics, then the title of the related article was typed in one site know 

as (Norwegian Scientific Index), as shown in the link below: 

(https://dbh.nsd.uib.no/publiseringskanaler/Forside.action?request_locale=en).  

In this web site, the index divides the journal articles into (level 1) & (level 2). The journal 

article that has level (2) is reserved for the internationally most prestigious journals and 

publishers within the discipline level (2). The level (2) granted by national expert committees 

for each discipline. The evaluation of these journal articles is carried out by the national expert 

committees for each discipline, the ratio can be approximately 20% only for all the publication 

channels. While the journal articles that have level (1) which it is the most common level, 

including about 80% or more of all peer-revised academic journals led to the government 

funding. 

 

 

 

 

  

https://dbh.nsd.uib.no/publiseringskanaler/Forside.action?request_locale=en
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Chapter 3:           Theoretical Framework 

 

This chapter represents a visible framework directed to the thesis study. For this study, 

therefore, theoretical framework is termed as a collective set of concepts and conceptual 

models that are applied to give a descriptive theory examined for research problems. In this 

sense, theoretical framework is a theoretical perspective consisting of basic structure of ideas 

for the purposes of attaining the research objectives.  

 

IPSE or PSS approaches are still a challenging concept for industries. Product designers have 

no or very little clue of IPSE or PSS concepts and how to handle service elements in the 

development of integrated product-service system. The efforts to implement integrated 

products and services differ from the traditional product-oriented approaches that industries 

have originally employed in their production line. This chapter, therefore, represents the 

conceptual study that describes the meaning of some theoretical terms of a specific discipline. 

This theoretical information and knowledge is a set of collected concepts or conceptual 

background that described a piece of theory about related concepts.   

 

The primary target of this section aims at identifying, evaluating and developing common 

knowledge and information regarding the Integrated Product Service Engineering (IPSE), 

Product/Service System (PSS), Ecodesign and Engineering Education. The goal is to give the 

reader an informative understanding of the conceptual terms so as to eliminate vagueness and 

ambiguity. Full understand of the definitions and the concepts are an essential aspect of this 

thesis. In this case the reader will be aware totally regarding the valuable knowledge.   

 

3.1 Introducing Product - Service System (PSS) Concepts  

It represents the body of knowledge in the field of PSS, by introducing PSS concepts. Since 

PSS bases of all the newly developed concepts such as Integrated Product service Engineering 

(IPSE), it was therefore necessary to present a brief knowledge of this concept in this thesis 

report. According to most researchers, there is no a coherent body of literature on PSS. It is 

therefore, necessary to present the basic defining concept of PSS. The literature in this section 

embraces concepts such as Product, Service, Systems and Product-Service Systems.  

 

3.1.1 Product and Service 

The term PSS is composed of three elements; product, service and system. A clear definitions 

of these elements are given by (Goedkoop et al., 1999). This section provides a summary of the 

understanding of the term product, service and system based on the existing business literature 

on the subject.   

Traditionally, a product can be any material or non-material manufactured or intended for sales. 

However, the meaning of the term varies from the customer, manufacturer and from PSS 

designers point of views. Authors in the study of PSS define the term product separately. 

According to (Dill et al., 2012), “a product is a tangible commodity manufactured to be sold. It 

is capable of falling onto your toes and of fulfilling a user's need”.  In this study however, a 

product include all potential material, non-materials, activities and services, sold with the 

purpose of satisfying a customer’s wants and providing a function.  
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In the contrast, the understanding of the term “service” differs from varies disciplines.  In the 

research field, the definition of services has a wide range and there is not specific definition 

identified (Aurich et al., 2010; Dill et al., 2012) defines services as processes, not things. While 

(Sampson, 2010), defines services as products that are processes. On other hand, services can 

also be termed as any activity or functions supplied with a product. The description of service 

can be designated into two constitutive characteristics; Perceived risk and individuality (Dill et 

al., 2012).  The description of services as being constitutive characteristics means that services 

are defined based on specific constitutive attributes (Aurich et al., 2010). 

In the past years, highly quality products were very much utilized by consumer and were sold 

easily. However, the trend changed in the recent years. Consumers have shifted their interest 

from consuming quality products to appreciating values that a product offers (Sakao & Hjelm, 

2010). For this reasons, the competition among manufacturers to provide values to products 

sold to consumers increased. The outstanding issues were that; the end-user needs to be 

satisfied; services are functions supplied with a product, and that services are detailed 

customers’ needs in a product that needs to be satisfied. With these outstanding issues, 

therefore, the “how” to attain customer satisfaction depends on the relationship between the 

producer and the customer. The relation build-up provides value benefits to the customer, while 

the producer attains an increase in sales and profit margin. However, the relationship build-up 

between the producer and the customer tends to develop into a complex network of systems. 

Therefore, there will be a need to integrate the efforts of varies disciplines that support complex 

systems development. The differentiating features of services and products have been studied 

by researchers in connection to PSS (Schendel et al., 2008). Also according to (Schendel et al., 

2008; Dill et al., 2012) the distinguishing features of service as opposed to a product include; 

 Intangibility, meaning that services are predominantly performances of actions rather 

than objects that can be perceived using any of the physical senses (Aurich et al., 2010). 

 Inseparability (production and consumption of the service  are partly simultaneous 

activity), 

 Heterogeneity meaning that service products quality is subject to variability because 

services are delivered by people to people (Aurich et al., 2010). In other words, 

customers participate in the service production process.  

 Perishability meaning that services cannot be stored, saved, returned, or carried forward 

for a later use (Aurich et al., 2010). 

 

Other features and typical difference between products and services is shown in Figure 1 

 

 
Figure 1: Differences between products and services (Aurich et al., 2010). 
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Furthermore, the term services is described in a phase-orientation point of views, distinguished 

by three dimension; potential, process and result dimensions (Aurich et al., 2010).  

 

3.1.2 System 

A service is perceived from the customer’s point of view, meaning that services supplied with a 

product are always taken from the perspectives of their consumers (Isaksson et al., 2011). This 

means that the physical resources used in the product processes are from the service perspective 

focusing on equipment, premises and technical system (Isaksson et al., 2011). The customer, 

therefore, is seen as the central actor in a complex system. However, from the explanations 

above, integrating the efforts of other disciplines delivers a system. According to (Mott, 2010), 

“a system” means a composition of entities that collaborate to create a state of change in its 

external environment. A system is said have boundaries, a reason for being and entities that 

collaborate with each other (Mott, 2010). During the collaboration, an entity provides services 

and the sum total of all the collaboration entails a formation of a system. A system itself is also 

a kind of entity and therefore, when systems collaborated, a new system is created.  However, 

when a system creates value by changing its external environment through the delivery of one 

or more services, then it is reasonable to call it a service system (Mott, 2010).   

The defined of Service systems by (Mott, 2010), says that service systems are dynamic 

configurations of people, technologies, organisations and shared information that create and 

deliver value to customers, providers, and other stakeholders. Service system is therefore 

defines as networks designed to deliver services to satisfy customer needs and aspirations. 

Service system therefore, include all actions that are required to ensure that a certain function is 

provided to a customer (Alonso-Rasgado et al., 2004). On the other hand (Secomandi & 

Snelders, 2011) explains that service system is a composition of the resources the service 

processes requires to realize the service concept (which a brief description of the core and 

supporting services): company staff, customers, physical/technical environment, and 

organization and control. In this case service process is a representation of the chain of 

activities necessary for service production (Secomandi & Snelders, 2011). 

 

3.1.3 What is Product Service System (PSS)? 
There are several definition attached to PSS by different researchers, the earliest was according 

to (Goedkoop et al., 1999) which says “A product service-system is a system of products, 

services, networks of “players” and supporting infrastructure that continuously strives to be 

competitive, satisfy customer needs and have a lower environmental impact than traditional 

business models”. According to (Mont, 2004), there is no common accepted definition of PSS. 

For that reasons, most authors have linked PSS with or without environmental issues, or 

sustainability achievements or focuses more on markets attributes of PSSs (Mont, 2004). The 

origin of PSS is said to emerge at the end of the 1990s the Product Service System (PSS) 

concept was originated in the north of Europe (Baines, et al., 2007).   

Most of the publication papers about the PSS concept start growing over the years with many 

attaching different terms as “dematerialization”, “servitization”, “sustainability” and “service 

design”, among others (Beuren et al., 2013). The increase interest in PSS concept is evident, 

due to the growing number of the academic journal publications on the PSS subjects in the 

recent years, as presented in the figure 2 (Beuren et al., 2013). 
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Figure 2: Shows the terms used in the publications on PSS (Beuren et al., 2013). 

 

Several decades ago, there are so many growing research studies that concentrate on the 

potentials of the business strategies which focused on improving and developing the value of 

the products by integrating products and service offerings which nowadays known as Product 

Service System (PSS) (Tan & McAloone, 2006). Increasing customer demands and 

competition between companies escalated the responsibility of the companies to focus on 

whole life cycle. This lead to the consideration in other business strategies other than traditional 

product oriented offerings. In order to increase the attraction of customers and compete on 

global market, the companies have to improve innovative and individual solutions. They have 

to present combined ‘products along with services’ together because this gives greater value to 

customers. This promotes selling of products to increase profits. The term of 'PSS' is shared and 

related to other terms such as functional (total care) products, functional sales, servicing and 

service engineering (Tan & McAloone, 2006). In accordance to (Müller & Sakao, 2010), PSS is 

defined as a concept to integrate product and services in one scope for planning, development, 

delivery, use and end of life treatments, thus for the whole lifecycle. This definition of PSS 

concept is predominantly used in academia but it is still very poor and unknown by the 

industrial technology field (Müller & Sakao, 2010).  

Looking at the aspect of environmental problems, it’s noticeable that environment issues have 

become a major focal point of the companies' innovation strategy, in order to reduce 

environmental degradation the companies consider the environmental strategy as a new 

approach in order to face the environmental crisis and re-oriented their innovation capacity 

toward green or eco-innovations (Laperchea & Picard, 2013). The concept of the product 

service system (PSS) has the potential to obtain about such changes in the manners of the 

production processes and consumption simultaneously, which could increase and expedite the 

changes into more sustainable practices (Tan & McAloone, 2006) because PSS aims to provide 

sustainability of both consumption and production (Li & Jiang, 2013). Therefore, most of the 

industrial companies are developing their products and production process manners in order to 

deal directly with the environmental constraints, minimize their environmental footprint, and 

improve their energy efficiency as well as to take deeper look into the development of services 
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(Laperchea & Picard, 2013). Also the product service system (PSS) concept might be the 

hopeful and promising for the commercial organizations to provide the opportunities to see the 

new strategic market opportunities, market trends and the ability to be in the competitive place 

(Tan & McAloone, 2006). 

The idea being that the customers will pay only for using the products when they need it and 

users will not be worried about the operations phases, maintenance of the products or disposal 

of materials. Therefore, the companies will have this opportunity to dematerialize there 

business by decoupling their value creation with consumption of the resources. That is the main 

principle of PSS strategy is to convert from the business based on the value of exchange of 

product ownership and responsibility, to the business based on the value of utility of the 

products and services (Tan & McAloone, 2006). PSS has the strong ability to gain the financial 

benefits as well  (Goedkoop et al., 1999), therefore PSS can be defined as a marketable set of 

products and services capable of jointly fulfilling and satisfy the customers' demands 

(Goedkoop et al., 1999). 

In a simple definition, PSS is when a company offers a mix of both products and services, in 

comparison to the traditional focus on products just as defined by (Goedkoop et al., 1999). PSS 

could be an excellent vehicle to promote and increase the competitiveness and also to enhance 

the sustainability simultaneously, because PSS could help the providers to be very close to their 

customers and that will give the suppliers a very high flexibility to fulfil the customers’ 

demands (Tukker, 2004). PSS concept includes the opportunity to concentrate on the customer 

value in the development process and extend the space of potential solution concept (Dill et al., 

2012). 

The Product/Service System idea is not only an extension of the ordinary product development, 

but it is a way to revolute the consumption. It can provide the enhancement in economic and 

ecologic aspects for the providers and customers as well (Baines, et al., 2007). PSS provide a 

common understanding of characteristics of PSS that will established among the engineering 

designers and furthermore it is very important to provide methods and tools for the designers in 

order to handle the mission of design and to support a business-wide implementation (Baines et 

al., 2007). As a part from PSS there is no doubt that the services are playing an significant role 

in the success of the PSS development processes. Specially, Innovation Services provide more 

business opportunities, a competitive edge for the PSS companies and could support and help 

them to achieve strong commitment from their customers. Company F's manager noted about 

innovation services: "We are planning with new technologies as we are working with disruptive 

technology" (Kumar et al., 2013), where in industrial companies the services are using 

nowadays as a differentiation strategy in order to overcome the competitors. In addition, there 

is a lack of knowledge in designing PSS as well as a deficit in the field of industrial service 

innovation management (Daft, 2007). 

Product/service system (PSSs) are "complex system" too as started by (Baines et al., 2007; 

Isaksson et al., 2009; Vasantha et al., 2012); their purpose is wider and the relationships, 

among actors more sophisticated than in traditional product or service development (Ceschin, 

2013). Since the PSS can be described as an integrated system of the products, services and 

socio-economical stakeholder, designed to fulfil a specific client needs (Ceschin, 2013). In this 

state, the term of system is considered jointly as the system of products & services that 

delivered to the customers and the system of actors that produce and deliver the combination of 

the product and services (Ceschin, 2013). (Ceschin, 2013) further mention that , it is a "total 



14 

 

offer", which including the products and services such as maintenance, guarantees, insurance 

and product upgrading, repair, take-back and refurbish (Williams, 2007). It has been underlined 

that the application of the PSS concept is still limited even though a wide number of research 

studies and projects area in the PSS field and sustainability have been recently supported by the 

European Union funding (Ceschin, 2013). In addition, a number of tools and methods have 

been developed in the years in order to orient and support the designing of eco-efficient PSSs 

(Ceschin, 2013). According to (Ceschin, 2013), the reason behind such development is that 

eco-efficient PSSs are in most of the cases radical innovations, because they challenge existing 

customers' habits (culture barriers), companies organizations (corporate barriers) and regulative 

frameworks (regulative barriers).  The elements that makes up the term PSS are; traditional 

products, services and PSS. Several researchers have studied the links between PSS, traditional 

products and services, just as presented in figure 3, (Sundin et al., 2009). PSS can be 

understood in groups of three main categories, see figure 3. 

 

 
Figure 3: PSS Product categories (Tukker, 2004). 

 

1) Category A: Product-Oriented Services- Here providers add services to the original 

traditional products sold. The value of the product is increase through additional 

services such as upgrade, repair and maintenance, deliver strategies, advisory and 

consultation assistance (Tukker, 2004). 

2) Category B: Use-Oriented Services- Here the provider retain the ownership of the 

traditional product but instead sells the functions of the products by means of modified 

distribution and payment systems such as sharing, leasing, and pooling (Sundin et al., 

2009). 

3) Category C: Result Oriented Services- In the last category, both the consumer and the 

product provider are in agreement on the result, products are substituted by services, 

often driven by newer technologies. The provider supply incentives for the consumers 
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more efficiently and optimizes systems such as modified payment systems (Sundin et 

al., 2009), activity management& outsourcing and pay per service unit (Tukker, 2004) 

 

3.1.4 Why PSS is Beneficial? 

There are several advantages that can be gained by implementing PSS concept, and these 

benefits related to the companies "providers", consumers, governments, the environment, and 

society as well as the drivers for PSS in different manners (Boehm & Thomas, 2013). The 

major benefits of the PSS are related to the continuous improvement of the business, innovation 

in quality, and the satisfaction of consumer demand, thus leading to the increase in the 

construction of the relationships foster loyalty among consumers. Moreover, the companies can 

improve and develop their position in the value chain and increase their innovation potentials 

by analyse the information that are obtained from the customer relationships to develop new 

systems that improve the product performance.  

 

From the companies’ point of view, PSS is beneficial in a sense that, it provides opportunity to 

identify strategic new market opportunities, market trends and development, and the potential 

to stay in the competitive economy driven by environmental limitation (Mont, 2002). The 

companies that are carrying out the PSS can assist to reduce the consumption of scarce 

resources and environmental problems by producing the products and services that reduce 

waste.  

From the government and society point of view, the benefits of PSS are seen in the making of 

policies that are aimed at promoting sustainability patterns of consumption and sustainable life 

style (Mont, 2002). Understanding the PSS concepts is seen as means influencing stakeholder 

relationship and networks. PSS aims to bolster sustainability, thus reducing the environmental 

problems and society. PSS has the ability to continually improve the process by expanding the 

competitiveness through strategic alliances among the producers and consumers. By increasing 

the supply of services can create great new jobs opportunity (Beuren et al., 2013). 

 

Regarding consumer, PSS is beneficial in sense that, consumer receive a variety of choices in 

the market ranging from maintenance and repair service, and various payment schemes (Mont, 

2002). Through PSS, consumers can also obtain simply knowledge by educating themselves 

about the different available environmental features of products 

 

3.2 Introducing Integrated Product and Service Engineering (IPSE) Concepts 

The term IPSE is composed of two parts; integrated product, and service engineering. This 

section provides a summary of the understanding of these terms based on the existing business 

literature on the subject of IPSE. 

 

3.2.1 Integrated Product 

According to the PSS concept, products and services are combined so as to jointly fulfil a 

consumer’s need. Producers have to depend on the prescription of what the consumers want so 

as to design a product, and in so doing service information are collected from consumer and 

integrated into the traditional product. This created the need to provide a product that fulfils a 

predefined need and will consists of physical product, services and systems that have been 

integrated hence leading to the creation of the term integrated product. The primary challenge 

is that services defers in relation to consumer needs, and are continuously changing. It is very 
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important for firm to be able to combine different variants of products and service that together 

provide a desired function (Lindahl et al., 2006).  

 

3.2.2 Service Engineering 

The term service engineering (SE) contains two parts service and engineering. Traditionally, 

the term engineering refers to a process that creates a product from a physical phenomenon 

(Mott, 2010). While the term service in according to (Sakao & Shimomura, 2007), is defined as 

an activity that a provider causes, usually with consideration, a receiver to change from an 

existing state to a new state that the receiver desires, where both content and a channel are 

means to realize the service. Section 3.1 of this report provides a detailed understanding of the 

term service. With this in mind, Service Engineering (SE) is therefore, defined as a discipline to 

increase the value of artefacts and to decrease the load on the environment by reasons of 

focusing service (Sakao & Shimomura, 2007). SE is characterized through an interdisciplinary 

integration of expertise in the use of constructive methods from engineering, business, and 

computer science (Aurich et al., 2010). SE aims at intensifying, improving, and automating this 

whole framework of service creation, service delivery, and service consumption (Sakao & 

Shimomura, 2007). Traditionally, engineering design improves only the function of a product 

but recently SE principles aims at making cheaper services and product in addition to making 

them more functional. In SE, however, not only the functions of artefacts but also meaning of 

contents must be matched to the specifications given by receivers (Sakao & Shimomura, 2007).  

 

3.2.3 What is Integrated Product Service Engineering (IPSE?) 

Nowadays, manufacturers of products are increasingly focusing on Product Service System 

(PSS), because it is the one strategy can create value through the addition of services to 

traditional product offering. Therefore several producers of both industrial and consumer goods 

have sought growth in revenue and profits through increased sales of services (Vladimirova et 

al., 2011). For this reasons, manufacturing companies that have traditionally concentrated on 

their physical products, need to change their working procedures in the development phase of 

the product or in the design phase (Lindahl et al., 2006). In their search for business-

differentiating strategies, therefore, manufacturing companies create value for their customers 

by offering integrating product and services, since manufacturers today regard service activities 

as increasingly important (Lindahl et al., 2006). Therefore the manufacturing firms have to find 

the fruitful combinations of traditional product offerings with the services that in favour to the 

customers’ preferences. As a result, some manufacturing companies are shifting from a 

“product seller” towards a “service provider” (Sundin et al., 2009). For that reasons, several 

business concepts emerged, these includes; Functional Sales, Functional products, Product 

Service Systems (PSS), and Integrated Product Service Engineering IPSE (Lindahl, et al, 

2006). According to (Taabodi & Sakao, 2011), the concepts of Product Service System & 

Integrated Product Service Engineering received more attention.  

 

The emerging of PSS concepts forced the manufacturing firms to produce products that are a 

combination of the traditional products with services; these services are in accordance with the 

consumers’ preference (Lindahl et al., 2009). In so doing, the term integrated product service 

engineering (IPSE) is applied instead of PSS. (Lindahl et al., 2009) defines IPSE as an 

integrated design process with the aim of developing an integrated product and service offering, 

where physical product(s) and service(s) included in the offer are developed together. On the 

other hand, (Lingegård et al., 2012) says that IPSE looks at combinations of products and 

services and is a type of engineering, which is different from PSS per se. In addition, IPSE 
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attempts holistic optimization from the environmental and economic perspectives throughout 

the life cycle (Lingegård et al., 2012). 

 

3.2.4 Characteristics of IPSE 

Integrated Product Service Engineering IPSE is attributed to be several characteristics of which 

can be described as follows; 

a) The first character is that its length on the time dimension (Lingegård et al., 2012) of 

the user phase which is very long. It can be as long as 20 - 30 years in the case of an 

investment machine (e.g. aircraft engine) or facility (e.g. railway) (Lingegård et al., 

2012). This explains why design is considered as the core of IPSE (Lingegård et al., 

2012). IPSE is seen as the able to address much of this dimension with the fact that the 

earlier a certain action is taken the more effective its outcome is in general (Lingegård 

et al., 2012). It is actually realized by effective design. Thus, design is naturally a core 

of IPSE (Lingegård et al., 2012), and according to (Pahl, 2007) states that the “design is 

an engineering activity that … provides the prerequisites for the physical realization of 

solution ideas”. 

b) The second character apprehensions the effectiveness of processing of the information 

(Lingegård et al., 2012). The information needs to be collected as regards the needs, 

wants, function, and structure of a product throughout the product life cycle. Thus, 

(Lingegård et al., 2012), further mention that effective processing of information plays 

a central role in IPSE. 

c)  The third and last character is the risk factor control. The control of the risk of the 

value creation process is crucial (Lingegård et al., 2012). This is because of the fact that 

providers cannot make the design of the value itself, but they can make the design of 

their product something give a share in to its value. The provider cannot get rid of 

influence from its customer or the user in order to create the intended value (Lingegård 

et al., 2012). Also acknowledging co-creation of value by the provider and the 

customer/user is a strong idea behind the servicizing (Lingegård et al., 2012). With this 

reasoning in mind, IPSE is re-defined by (Lingegård et al., 2012) as an engineering 

activity controlling risks of value creation through dealing with the information 

originating from a wide window on the time dimension.  

 

As illustrates in the figure (4) Integrated Product Service System tool (IPSE) is applied to all 

the phases of a product life cycle in order to reduce substantially the negative environmental 

impacts. IPSE does not only cover Ecodesign which is most crucial under the PSS concept but 

also includes how to develop the efficient business plan and to improve the maintenance 

services as well. This part covers several activities such as the design, manufacturing, operation 

and the end of life treatment activities and it evaluates environmental influences (Lingegård et 

al., 2012). 
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Figure 4: Comparison of IPSE and other activities (Lingegård, et al, 2012) 

 

Figure 4 shows the comparison of IPSE and other activities. From the figure the bars indicated 

the environmental impacts which is considered as a rough estimation of active products. EOL 

stands for end-of-life while LC stands for life cycle. Figure 4, therefore, explain IPSE in 

comparison to Ecodesign where different engineering activities are grouped in their categories. 

However, it is very necessary to recognize and understand the environmental impacts arising 

from life cycle of the product which has been steadily increasing. The red dotted line represents 

the accumulated influence of the activities at each phase of the life cycle’s environmental 

impact (Lingegård et al., 2012).  

 

3.2.5 What are the differences between IPSE & PSS? 

According to (Goedkoop et al., 1999), he depicts the Product service system (PSS) as a 

combination of products and services in a system that provides functionality for consumers and 

reduce environmental impacts, and also he stated that it is "a marketable set of products and 

services capable of jointly fulfilling a user's needs". 

 

Integrated product service engineering (IPSE) can be depicted as an engineering activity that 

can control the risks of value creation through dealing with information originating from a wide 

window on the time dimension (Lingegård et al., 2012). And also the IPSE considered as a type 

of engineering, which is different from PSS per se. In addition, it attempts holistic optimization 

from the environmental and economic perspectives throughout the life cycle (Lingegård et al., 

2012). 

 

Since IPSE includes a business issue, e.g. how to sell services. IPSE has the following 

characteristics in relation to other existing concepts (Lingegård et al., 2012). First, and in 

common with PSS, IPSE looks at combinations of products and services. Second, IPSE is a 

type of engineering, which is different from PSS per se. In addition, it Third, IPSE consists not 

only of design as the most influential activity, but possibly other engineering activities such as 

maintenance, upgrade, remanufacturing, etc. Therefore, IPSE has to deal with the time 

dimension of the whole life cycle. This is why IPSE is more effective, including the possible 

employment of other engineering activities such as maintenance as shown in the figure (4). 
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Naturally, company management must be committed if they are to carry out IPSE (Lingegård et 

al., 2012).  

 

3.3 IPSE, Ecodesign and Engineering Education 

During last few decades, several books and journal articles have been emerged that unravel and 

articulate that many systematic reasons for the environmental crisis from 'green' point of view. 

Essentially, these analyses have maintained that the necessary changes to a sustainable society 

has been impeded by cultural, ideological, religious and economic traditions that can participate 

in the development of the industrialization, upon the premise that human could and should 

transcend nature (Birkeland, 2002). The design, construction and management of the built 

environment (cities, landscapes, buildings and the products as well) is the central to this 

industrial system, because it is largely determine the amount of the resources, space and energy 

consumed by development (Birkeland, 2002).  

 

Designers have to do far more than calculate sun angles; they must invent new systems that can 

develop and improve the quality of life and human experiences, while simultaneously resorting 

the environment, rebuilding community and creating a sense of place. The designers can also 

have a dramatic impact on minimizing the materials content of the consumptions and hence 

aggregate demand on the environment (Birkeland, 2002). 

 

Several environmental issues such as (climate change, pollution, impact of global warming, 

increasing the emissions of Green House Gases (GHGs) especially the carbon dioxide (CO2)), 

all these factors have influenced on the production manners of the companies, which have led 

them to take into consideration more environmentally conscious approach to their design 

thinking and industrial production processes. Therefore, the ecodesign concept currently has a 

major influence on many aspects of design as called ecological design. According (Grote et al., 

2007), Ecodesign can be defined as an approach for product design. The ecodesign principle 

recognizes the environmental impacts of a product during the design process which aims to 

reduce a product environmental burden without creating a negative trade-off with other design 

criteria, such as costs and functionality (Grote et al., 2007). The ecological and economic 

impacts of the production manners are the consequences of the conscious and unconscious 

decisions on the products developments (Wimmer & Züst, 2003). 

 

In the figure (5) shows below, the horizontal axis represents the time dimension on the life 

cycle. The bars represent the environmental impacts from each phase such as production and 

usage (scaled with the left vertical axis). The ecodesign and other different types of engineering 

activities are put on the identical graph where the ecodesign as an (environment conscious 

design). The graph depicts the environmental impact of a certain type of product with high 

impact from its usage phase, which holds true in many cases. 

 

The dotted red line in the graph of figure (5) below represents the accumulated influence of the 

activity at each phase of the environment impact of the life cycles. It is shown that the design 

phase has by far the highest ratio (some 80%), which is generally known (Lingegård et al., 

2012).  

 

Ecodesign is obviously crucial, since it is the design activity with the dominant influence. The 

ecodesign is not sufficient because it leaves out control after the design phase. Putting simply 
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ecodesign does not cover the whole life cycle of the product like: (design, production, logistics, 

usage and end of life) phases, but it covers the design phase only as described by (Lingegård et 

al., 2012). 

 
Figure 5: Comparison of IPSE and other activities (Lingegård, et al, 2012) 

 

3.3.1 Why Ecodesign is Important while Considering IPSE? 

It is important to know what the definition of design is. According to (Pahl, 2007) states that 

the “design is an engineering activity that … provides the prerequisites for the physical 

realization of solution ideas”. Ecodesign (design for environment) or known as "ecological 

design" concept has an essential impact on the numerous parts in the design phase of the 

product. Since the ecodesign is an approach to the design of the product with very special 

considerations for the environmental issues of the product during its whole lifecycle. The 

question is raised again, is the ecodesign tool sufficient or not? The ecodesign tool is obviously 

crucial, since it is the design activity with the dominant influence. But the ecodesign is not 

sufficient as depicts by (Lingegård et al., 2012) because it leaves out control after the design 

phase. Putting simply ecodesign does not cover the entire life cycle of the product such as: 

(design, production, logistics, usage and end of life) phases, but it covers only the design phase 

of the product as shown in the figure (5). 

 

While Integrated Product Service System (IPSE) has specific features, as a type of engineering, 

it has a set of products and services. Since it aims to gain the holistic optimization from the 

environmental and economic standpoints throughout the entire life cycle of the products. And 

also IPSE might be consisted in other engineering activities like: (maintenance, upgrade, take-

back, remanufacturing, recycle & end of life) as well as the design phase of the products as 

displayed in the figure (5). Thus, IPSE has to deal with time dimension of the entire life cycle 

of the products and that is the reasons behind making IPSE tool more dynamic and efficient, if 

compare it with the ecodesign tool (Lingegård et al., 2012). But why for also ecodesign? 

Because it has very significant characteristics since it is a future orientation of the enterprise, 

innovative products, improved environmental performance and improved cost structure 

(Wimmer & Züst, 2003).  
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3.3.2 Engineering Education 

The concept of PSS and IPSE have become the key factors for achieving development goals 

such as dematerialization and at the same times its seen as a factor responsible in raising use 

intensity of a product, thus leading towards a significant sustainable consumption. Example of 

PSS or IPSE products can be seen in car sharing, Xerox and IBM industries, web services or 

apps on iPhone and many other. However, looking at the dynamic trend of consumer’s desire, 

the challenge arises on how to find a working methodology for both the product designer and 

service designer to work together. (Dill et al., 2012) observed that product designers had no 

clue about the concept of PSS and how to handle the service element within an integrated 

development. Moreover service design thinking and product design thinking are a hot topic in 

both commercial and academia fields. With these ever increasing development, it means that 

industries have to adopt to service design thinking methodology and thus with will require the 

employing product/service design engineers. The academia are responsible for the production 

of such engineers and thus the ultimate question is how best should education cope with such 

development.  

 

Education plays a necessary role in associating socio-ethical knowledge with scientific and 

technological advances (Balakrishnan & Visvanathan, 2012) and engineering field has always 

had a massive impact on the human health and welfare (Jiao & Barakat, 2011). (Berne & 

Schummer, 2005) stated that ‘‘the unknown and potential substantial harms and benefits and 

the risks and opportunities it represents to social life warrants immediate and careful ethical 

reflection”. Thus, (Sweeney et al., 2003), has also suggested that the preventive way to the 

technological advancement must be developed that involves a meticulous investigation of how 

the latest and emerging technologies impact on the human lives and the environment. 

Therefore, in order to ensure continued public safety the sufficient knowledge of the 

implications of new technologies advancement to society should be instilled amongst engineers 

and they need to be taught about sustainability development wherein social, environment and 

economics restructuring occur concurrently with technological restructuring  (Balakrishnan & 

Visvanathan, 2012).  

When looked at in the education sector, engineering education is a grand challenge that will 

have an impact on all of the other engineering grand challenges (Sunthonkanokpong, 2011). 

Therefore engineering education and training for twenty-first century needs to develop 

capacities in the students in accordance with the determinants for innovation and to develop 

engineering competence enabling to apply aspects to reflect the incoming industrial era  

(Rolstadås & Paci, 2012). This training must be parallel to the classical teaching, not neglecting 

traditional theoretical subjects, but integrating with them (Baladrón et al., 2013). Because it 

needs a mutual understanding of competence and skills in order to develop high human 

potential for increasing long term knowledge-sharing through cooperation between different 

cultural settings, in particular for SMEs, strategic partnership exploits synergy between 

complementary competences of the participants (Rolstadås & Paci, 2012; Sunthonkanokpong, 

2011) has pointed out that the competencies of the future global engineer should be as follow;  

a) Technically adept, broadly knowledgeable, a life learner, and culturally aware; 

b) Knows how to translate technological innovations into commercially-viable products 

and services; 

c) Exhibits an entrepreneurial spirit, innovation and understand world markets; 

d)  Professionally nimble, flexible, and mobile  
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According to (Baladrón et al., 2013) there are two main reasons behind the decoupling or the 

gap between university curricula in engineering, and profiles required by companies represents 

a problem that remains unsolved, reasons are: 

a) The absence of certain specific applied subjects. 

b) Lack of knowledge regarding updated technological innovations that are already 

introduced in the business world. 

 

Therefore, many years of research and implementation experiences of the Profesores Asiciados 

Vinculados a Empresa, Adjunct Enterprise Professors (PAVEs) programme of the university of 

Valladolid which approves a methodology that works and enhances the performance of 

engineering students. The PAVEs offers an improvement in the preparation of engineers, 

representing an effective solution to the exposed problems. It complements engineering 

curricula including industry-drive knowledge imparted by industry professionals. The obtained 

results show that both students and companies participating are highly satisfied with the 

experience (Baladrón et al., 2013). 

 

Universities should also adopt a wider innovation concept that is not solely focus on science, 

helps increase the knowledge intensity of jobs, fosters product and process innovation, and 

aligns higher education provision with the needs and opportunities of regions and SMEs”  

(Rolstadås & Paci, 2012). Therefore, it is very important to complement the traditional 

knowledge of engineering students (typically strong in basic theoretical subjects) with more 

practical, industry-oriented contents that are not covered in the current curricula. Because of the 

industry has a very broad spectrum of specific skills which are very necessary for each of the 

activities carried out in the different working areas (Baladrón et al., 2013) and the academic 

curricula of engineering do not always fulfil industry requirements in demand for professionals 

(Leydesdorff & Meyer, 2003). 

Therefore, the PAVE program offers to take advantage of some of this industrial knowledge 

and brings it to the University students (Baladrón et al., 2013), because stronger cooperation 

between universities and business via staff exchange will encourage entrepreneurship and help 

to turn creative ideas into innovative products and processes that can efficiently address 

European and global societal challenges (Rolstadås & Paci, 2012).  Thus, the purpose of the 

PAVAE program is to help improve student learning and professional future and to serve as a 

proof of concept for the practical methodology changing required by the European Higher 

Education Area (EHEA). 

 

Thus, in one hand and as per academia's perspective the PAVE program supports the updating 

of curricula with practical skills present in the everyday life of industry, advancing in the 

introduction of a more practical teaching methodology. From the point of view of students the 

main advantage is that their profile is adapted to industry demands on the other hand (Baladrón 

et al., 2013). 

 

3.3.3 Links between Industry and Academia 

The major reason for change visions of engineering education are the need for a diverse 

engineering workforce, and the effects of rapid technological change and globalization 

(Sunthonkanokpong, 2011). In 2012, there are many specific actions for industry-academia 

partnerships and pathways are planned to address the need of developing new working models 

of the ’knowledge triangle’ whereby education, research and innovation are brought together in 

international and interdisciplinary networks to undertake joint research training and transfer of 
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knowledge (Rolstadås & Paci, 2012). The idea of a strict linkage between industry and 

academic sector is foreseen to give a new nourishment to the manufacturing sector that is 

facing the world crisis (Boër et al., 2011). 

 
Figure 6: Teaching factory schema (Boër, et al, 2011). 

 

The purpose of the teaching factory as shown in the figure (6) is to integrate research, 

innovation and educational activities so as to promote future perspectives of a knowledge-

based, competitive and sustainable manufacturing industry (Boër et al., 2011). 

The industrial projects will represent a great opportunity to shape key skills which are equally 

relevant to the public and private sectors and that will impact positively on future employability 

(Rolstadås & Paci, 2012). Furthermore, the engineers play a crucial role in emerging and 

growth sectors and, critically, engineering expertise is largely made up of 'know-how'. 

Specially, the companies require more engineering graduates with practical experience of 

industry (Sunthonkanokpong, 2011).  

 

Finally, all the types of learning are valuable, since it prepares people for “learning to learn”. 

This means that engineering education must be delivered both on university campus and at the 

workplace. And for those are working in industry and seeking further education in combination 

with a job industry, education must be delivered at a time and place which they can chose 

themselves (Rolstadås & Paci, 2012). Moreover, active and intensive partnerships between the 

industry and higher education can ensure that an increasingly diverse student body develops the 

engineering skills important and necessary in order to meet the future recruitment needs of a 

globally competitive industry (Sunthonkanokpong, 2011). Therefore, by taking the long view 

of the eras of engineering education of the global visions for engineering education will be 

shown in the figure (7) bellow.  
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Figure 7: Long view of engineering education (Sunthonkanokpong, 2011). 

 

There are many changes along the time or the eras of engineering education field for trends in 

the industry from 1900 to 2050. The industrial has changed from the industrial local and 

national era to the technological era. It is going to be the post-industrial global era and then the 

sustainable global and local era. As for the eras of engineering education, there was a change 

from practice-oriented into engineer science based content and then there is going to be a leap 

into integrative and innovative era (Sunthonkanokpong, 2011). 

 

3.3.4 PSS Engineers 

Product-service system (PSS) is a growing concept among both companies and academia which 

emphasis to analyse how the products and services could be sale efficiently. Firstly, a climate 

change is a real problem occurring now and steadily worsens. But it is a problem that we can 

now try to avoid or reduce its' effects by a good planning and deal seriously with the immediate 

variables for all countries in the world, "rich and developing countries alike," because we 

caused it and no one else can stop it. This has led the trend towards the development of the 

industry in the past few years to extract and burn billions of tons of fossil fuels to generate 

energy and extract the core materials to make the products. Burning fossil fuels and 

manufacturing mew products led to produce GHGs emissions such as carbon dioxide which is 

one of the most important causes of the climate change (global warming). Secondly, the rapid 

growing world population, increasing customer demands, limited core resources and increasing 

the awareness of the environmental aspects, all these factors have led to create new challenges 

for the engineering designers to think about how to change their product design methods? 

Although the universities still teach their students on the traditional product design manners for 

the mechanical engineers and services (Dill et al., 2012).  

 

Therefore, the industrial companies are very much aware and interest that they have to develop, 

improve and make new offers and innovative products in order to survive and also to take on 

greater environmental and social responsibilities for the effects of their products (Tan & 

McAloone, 2006). Due to this challenge, the industrial companies realizing that the innovative 

products are required a great knowledge of the socio-technical system that the product will be a 

part of. Thus, the intensive efforts are required to tackle these challenges efficiently, due to that 
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reasons and since last two decades the industry and academia were constantly in search for the 

new strategies and solutions for these problems. Therefore, academia offered several strategies 

and solutions which include functional economy (Stahel, 1994) and concepts of Product-service 

system (PSS) and Integrated product service engineering (IPSE) (Mont, 2002; Tukker & 

Tischner, 2006; Lindahl et al., 2009). 

 

In fact, the industrial designers, landscape / building architects, and urban planners have not 

been seen as environmental managers, although their decisions are directly impact the 

environment (Barrow, 1995). In spite of universities are teaching students by conventional 

methods, but in the academic studies they are stressing that the master students have to 

understand important points: 

a) The student must take a particular type of Design and Innovation course in order to be 

approved for their specialization, these courses must as previously, be integrated into 

the students' project work. 

b) The students should use their free elective course modules to specialize themselves 

within a professional domain (medico-technology, one-of-a-kind machines, technology 

for the food industry) that to ensure both a disciplinary and thematic focus and context 

for their study (McAloone, 2007). 

 

The engineering designers need to be facilitated in order to be able to reach their top targets; to 

improve the environment situation as well as product development. Therefore, it is important to 

be able to approximate the potential of a well-designed PSS (Dill et al., 2012). One of the most 

important and essential matters to obtain the PSS potentials is to educate the engineers and 

decision makers with knowledge about the range of solution variants that include PSS to be 

able to choose the best fitting solution for the development mission. Furthermore, it is 

important and necessary to research and teach the methods and tools to manage the PSS design 

task, in order to transfer the knowledge from the science to praxis field (Dill et al., 2012). 

 

3.3.5 Abilities of Future Engineers  

Future engineers will need critical thinking and problem solving skills beyond those of 

previous generations in their disciplines, and in fact must have the creativity and 

communication skills to innovate across disciplines (Sunthonkanokpong, 2011). In addition to 

their basic skills and knowledge, the future engineers have to have them, there are several 

abilities of future engineers that should have as well, so they have to be able to:  

a) Act in global organizations, with projects that are spread in time, place and culture. 

b) Develop service and products in parallel, and as mutually supporting deliverables.   

c) Act in teams, to network on many levels of organizations and in society. 

d) Understand whole life cycle, not just products. 

e) Couple technology-based and user (market)-based product development. 

f) Take responsibility for self, company, society (Corporate Social Responsibility), and 

within the boundaries of sustainable development (McAloone, 2007). 

 

According to the product designers perspective that the major differences between product 

design and PSS design is that, the mission of product design in PSS design includes whole 

system with product and service components, since it is no longer just the physical product. 

Therefore all the characteristics of the system design and services have to be considered. This 

will lead to an extension of the system boundary of the product from the first step of the 

physical product design to the product services. The infrastructure and the network of the 
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participants will be complex as well. These requirements will lead to more complex interfaces 

and necessity to understand the requirements of the other components (Dill et al., 2012). The 

influences of PSS have been stated in ecological aspect as well. In order to make sure that the 

offers provide these benefits and to make these influences transparent, it is significant and 

necessary to develop assessment tool as well as methods and tools to take advantage of the 

ecologic potential. Furthermore, to transfer them into general development process in praxis 

field by integration in the general design education of engineering students (Dill et al., 2012). 

 

Engineering education is as broad as other areas of study, the engineering education curricula 

should contribute to the preparation of graduates who are socially and ethically responsible in 

their decision-making and conduct (Balakrishnan et al., 2012). Engineers face an increasingly 

complex world, in which large intractable problems such as poverty, sustainability and 

economic crises merge with increased globalization (Sunthonkanokpong, 2011). The students 

should be able to identify the issues that have already happened or that are going to happen 

(Weil, 2003), and the students should be educated in professional and ethical responsibility as 

well as the impact of engineering solutions in a global and social context (According to the 

Accreditation Board for Engineering and Technology USA (ABET) (2007) and the Engineering 

Accreditation Council Malaysia (2007)). As future engineers and scientists in this field, 

students need to be trained to be responsible in predicting and answering the implications of the 

new technological development for mankind from ethical standpoints (Balakrishnan et al., 

2012). Therefore engineering practice is being shaped by a wide range of divergent global 

factors, and it is incumbent upon institutions of higher education to transform engineering 

education in a sound and insightful way to prepare students for the challenges ahead 

(Sunthonkanokpong, 2011). 

The quick growth in technical items like "nanotechnology" and increasing customer demands 

have changed conventional practices in design, analysis and manufacturing for a wide range of 

engineering products and systems. This modern technology encompasses multidisciplinary 

aspects, such as engineering, manufacturing, chemistry, biology, physics, medicine, agriculture 

and other disciplines (Balakrishnan et al., 2012). Thus, engineering graduates will need to be 

able to work in multidisciplinary, multicultural teams to both assess needs and co-create 

solutions with local and global communities (Sunthonkanokpong, 2011).  

 

3.3.6  Teaching Design for Services to Product Design 

According to (Shimomura et al., 2011) a service is defined as “providing a means of integrating 

tangible object (physical product) with an intangible object (an action product) that realises 

some required value for a customer”. In this definition action products are termed as services 

(Secomandi & Snelders, 2011). When associated to service engineering (Secomandi & 

Snelders, 2011) further says that services are "actions initiated by a service provider in 

exchange for compensation that produces a state change that is desirable to recipient". In this 

circumstance, a consumer acquires either the tangible or the intangible product from the 

provider and in so doing induces a state of change in the consumer. In the recent years, service 

research as escalated rapidly in different sectors of industry activity and contemporary life.  For 

this reasons services are considered as intangible object for which are now represent as an 

undeniable force behind labour and value creation in the world economy (Secomandi & 

Snelders, 2011). Therefore the designers of products and services challenge themselves to 

search beyond the traditional design concept of addressing the physical, social, and cognitive 

factors (Ahram et al., 2012). According (Secomandi & Snelders, 2011) designers have 

approached services as mere appendages to the goods, since it is not familiar that the services 
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still a few expressions like "product (and service)" or "(product/service)", however it needs 

more explanation. For this reason (Secomandi & Snelders, 2011) further stresses that services 

needs more attention they deserve in order to unpack the concept and place it in the canter of 

design thought and action. However, in the design communities there are several indications of 

movements towards the development and improvement of service design. (Secomandi & 

Snelders, 2011) pointed out one of these signs and this is that the service designers can make 

multiple contacts, or touch points between the service companies and their clients, including 

materials artefacts, interpersonal encounters and environments. Another significant issue is that 

the service design can provide a way to change the organization by contributing to a process of 

innovation (Lee, 2011). 

 

In the past, the designers of product considered the market group and a type of user and would 

then design the products for that user and market (Bailey, 2012). However, the aim of the 

service design methodologies is to design the products according to the requirements of the 

customers and participants. Therefore, by applying the approaches and techniques that familiar 

to the service design, the students will learn to concentrate on the real people and they can 

identify their requirements and then the students will reflect these needs through user personae 

and user journeys (Bailey, 2012). Design tools can be used to not only communicate a user 

scenario but, it can also be used to analyse and evaluate what was happening and to identify the 

opportunities of innovation design as well (Bailey, 2012). According to (Bailey, 2012) 

designing for services expands the students of Product Design (PD) and Product Design 

Engineering (PDE) from the design of things to the designing for multiple users and multiple 

interactions with the products and a service delivering a certain user experience.  

 

Nowadays, many of the consultancies for instance (IDEO, Continuum, Engine, and Live/work) 

are practicing service design today evolved from the disciplines of product, or industrial design 

(Bailey, 2012). The common factor in their evolution being that these design companies have 

considered the user experience at the core of their design processes (Bailey, 2012). Products 

produced today are complex and smart products. The functionality of products is increasingly 

expressed by the meanings conveyed by the products and the interactions we, as users, have 

with them: resulting in good or bad user experiences (Bailey, 2012). The delivery of services is 

increasing sustained by products and also defines the kind of services that needs to be 

sustained. Therefore, by understanding the user-product-service context it is very important that 

if the product designers and product design engineers are making the design innovation 

products suitable for the service provision and that will transfer the positive user experiences, 

as described in the figure (8) (Bailey, 2012). 
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Figure 8: Relation between the user experience, product and service (Bailey, 2012). 
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Chapter 4:   Results 

 

This chapter presents the result of this thesis task. The result is based on developing the key 

common question about IPSE, ecodesign and engineering education and finding answers to 

them. Furthermore, the results of the common questions and other relevant topics discussed 

with information built up from the results and literature study. 

4.1 IPSE and Ecodesign 

This section addresses the common and other related issues of IPSE, ecodesign and engineering 

education. 

 

4.1.1 Requirement for IPSE and Ecodesign 

The main issue is to start from finding out the requirements for IPSE and Ecodesign. 

Researcher have shown that several manufacturing firms have refocused their production 

strategy into IPSE by bundling traditional product with services. However, one major reason 

for being in the business is to create added value (Tukker, 2004). Therefore, there are several 

research studies for integration the products with services have been carried out (Sakao et al., 

2011). However, the sustainable production and consumption is an issue of the current 

international concern (Mont, 2002). Other than the sustainability considered as a challenge for 

people on our planet needs to be tackled (Sakao & Shimomura, 2007). The sustainability, under 

this text, is about fulfilling customers' demands with minimal material use and emissions 

(Tukker, 2004). Sustainability, however, is considered as a very necessary for future 

development (Lindahl et al., 2006). Most of the research studies concentrated on the 

sustainability have to be achieved. In order to achieve the sustainability of IPSE, the providers, 

producers and manufacturers should develop platform strategies. The new platform strategies 

can help and support the manufacturers or producers to design different services. It is very 

important because it increases the volume of production by reuse and refurbishment 

(remanufacturing) of the products (Evans et al., 2007). Remanufacturing can also reduce the 

need to manufacture new products  (Mont, 2002) which can also help the producer to fulfil the 

end-user's requirements by minimum change of the components of the product as well as it 

decreases the cost of design (Evans et al., 2007). Therefore with PSS, producers become more 

responsible for their product–services in case material cycles are closed (Mont, 2002). 

Furthermore, PSS could be wealth economic and environmental measures evaluation (Phumbua 

& Tjahjono, 2012).  

 

There are several major prerequisites for almost all companies to provide IPSO/IPSE. The 

companies should have both (product and service) since the product functioning is a 

prerequisite and a high reliability of service (including the proper service base) as well as to 

ensure the customer needs (Sundin, et al., 2009). Naturally, the company management must be 

committed if they want to apply IPSE, because IPSE includes a business issue, e.g. how to sell 

the services (Lingegård et al., 2012). When the company offers integrated products and 

services, this will lead to increase the responsibilities of the producers of their products during 

the use phase and the End of Life (EOL) handling. Therefore, IPSE can create economic 

incentives for the manufacturers to change, develop and improve their products design to be 

more economically and often environmentally beneficial ways (Lindahl et al., 2006). The main 

factor for successful product development, service development, production and logistics is the 

cooperation among the actors within the companies (Lindahl et al., 2006). PSS also requires 
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from their manufacturers should make close co-operation with suppliers and service producers 

or final consumers (Mont, 2002). The actors should have a close relationship in order to be able 

to realize the innovation possibilities when offering integrated product-services (Lindahl et al., 

2006).  

 

4.1.2 Developing IPSE and Ecodesign System 

There are two methods for applying PSS/IPSE as follow: 

a) PSS Layer method  

The PSS layer method can be defined as a common "language" and a simple, graphic modelling 

scheme. It is considered as one of the approaches that can face the industrial challenges (Müller 

et al., 2009), since the method can integrate the views of customers with needs and value layer 

(Dill et al., 2012), engineers and economists (Müller et al., 2009). It also covers the 

deliverables, life cycle activities, actors, core products, periphery, contract, finance as well as 

the option to ad specific layers for the design task in order to support the designers (Dill et al., 

2012) .This method calls a Layer because it facilitates the presentation; therefore all the classes 

have to be graphically layered (Müller et al., 2009). 

To analyse and synthesize the concepts and ideas of PSS as shown in the figure (9) bellow and 

also to support the clarification of the design phase, the PSS Layer method can be applied at the 

earlier stages of the developing phases since it can provide the different layers for the design 

phase in order to cover all the aspects of the design task (Müller et al., 2009).  

The PSS Layer method can proceed stepwise and iteratively and enable the structure 

documentation of the present and the future of PSS. Therefore this method can support to create 

the necessary needs in order to become aware of the PSS functions and also to make the 

opportunities for more development phases in the future (Müller et al., 2009). 
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Figure 9: Shows the PSS design dimensions and relation (Müller & Sakao, 2010). 

 

 

b) PSS Blueprinting method 

The second method calls PSS blueprinting method, which displays an episode a PSS in a 

systematic scheme as shown in the figure (10). The markers that have been used in the figure 

indicate to the functions or activities for instance contain a risk or need an initiative. 

Therefore the definition of PSS episode can be as “encompassing a sequence of events in the 

use phase of the PSS, which together fulfil a need of the recipient (= provide a function to the 

recipient)” (Dill et al., 2012).  

 

The application, in this case, is that the model will provide a general overview of a specific 

phase in the life cycle of PSS. The benefits of the PSS blueprinting method are; 

(i) It will help and support the designers to analyse the episodes in order to provide the intended 

value and it also prepares the episodes that are required to cover the dysfunction such as a flat 

tire. 

(ii) It makes and presents the variants of PSS such as the variation of the property rights (Dill et 

al., 2012). 
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Figure 10: Blueprinting scheme with markers to point out activities and functions (Dill et al, 

2012) 

 

4.2 Common Questions about IPSE, Ecodesign and Engineering Education 

The development of the industrial, economy and social activities are accompanied with the 

increment of the environmental pollution. Since the entry of the industry and technical 

equipment in all the life stages (which represented by the equipment and customer goods) and 

change the forms and life styles. The environmental impacts are also increasing and 

continuously generated throughout, the life cycle of the products from extraction and 

processing of raw materials, product manufacturing, using phase and end of life of the 

products. In search for profitable strategies directed towards higher and healthy competition, 

manufacturers produces products that offers complex system solution so as to satisfy 

consumers as well as giving out a minimal environmental pollution. In order to meet these 

targets, adopters of IPSE methods tend to ask some common questions. Therefore, through the 

review of the scientific journal articles, conference papers and books for the related topics of 

the IPSE and Ecodesign, significant issues necessary to  be taken into accounts during the 

design phase of the products, such as selection of raw material, amount of the materials that 

required in product manufacture, easy disassemble of product, reused, re-manufacturing, 

recycling of the materials, waste reduction, less raw materials input, less energy consumptions 

during the use phase of the product, less energy consumption during the manufacturing of the 

products, easy for maintenance and repair of the product, and so many things need to be take 

into consideration during the design phase of the product. All these important matters play a 

vital role to avoid or minimize as much as possible from the environmental degradation, 

economy and general health. Subsequently, a number of common questions have been picked 

out and are as follows; 

 

a) Why are manufacturing industries interested in Integrated Product and Service 

Engineering (IPSE)?  

Industries especially manufacturing firms are faced with difficulty of achieving profit margins 

on their products (Lingegård et al., 2010). Integrated Product Service Offering (IPSO), has the 

potential of realising a better margin, profitability and minimizing environmental effects 

(Lingegård et al., 2010). In order to produce an IPSO, manufacturing firms need to combine 
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product with service that customers ask for (Lindahl et al., 2006). Interesting factors that drives 

manufacturing industries to consider IPSE approach includes;  

(i) Sustainability 

Integrated Product and Service Offerings can be promoted from sustainability aspects, 

economic and environmental (Lindahl et al., 2006). Sustainability is about satisfying human 

need with minimal resources and emissions (Glavic & Lukman, 2007). Producers are 

increasingly playing significant roles in undertaking sustainability issues. Many researchers 

believe that sustainability is one potential property of IPSE (Baines et al., 2007; Wang, et al., 

2011; Lee et al., 2012). It therefore, points out that IPSE could reduce the environmental 

impact of consumption by closing material cycles; reducing consumption through alternative 

scenarios of product use; increasing overall resource productivity and improving resource as 

well as enhancing sustainable development (Wang et al., 2011). In addition, it is also 

acknowledged by that IPSE could promote dematerialization and changed consumer 

behaviour in society (Lindahl et al., 2006: Wang, et al., 2011). Many researchers such as 

(Stahel, 1994; Mont, 2002 & Sakao & Shimomura, 2007) have emphases that IPSOs 

facilitates dematerialization and stimulate products design with environmental benefits. 

However, it is paramount to acknowledge that different kinds of IPSO have different impacts 

on the environment thus varying greatly in sustainability potential (Tukker & Tischner, 2006). 

For example, for product-oriented IPSO, services are just added to an existing IPSO system 

and thus could lead to rapid replacement of products and only the maintenance effects and the 

optimisation of product use could be expected to be environmentally sound (Tukker, 2004). 

As regards use-oriented IPSO, (Tukker & Tischner, 2006) stated there could be negative 

environmental effects because the customers may not be careful with the artefact and positive 

environmental effects that resulted from less use of artefacts and more frequent use of 

environmentally friendly alternatives.  Furthermore IPSE does not realise lower 

environmental impact unless sustainability considerations are factored thoroughly in PSS 

design, but for the result-oriented PSS, researchers agree that it has the highest potential for 

incremental environmental improvement (Tukker, 2004; Tukker & Tischner, 2006; Wang, et 

al., 2011). IPSO in manufacturing firms tend to have a lifecycle perspective, from concept 

development and product realisation to service, maintenance and finally recycling (Lindahl et 

al., 2006). This further generates advantages such as opportunities to affect consumption 

patterns, exploitation of product and service design and a network communication between 

users and suppliers in the complete supply chain. In accordance to the business concept of 

functional sales and IPSE, lifecycle perspective is offered to fulfil a defined consumer need as 

well as optimising functional solution with a combination of products and services (Lindahl et 

al., 2005). However IPSO does not guarantee environmental or economic benefits (Wang et 

al., 2011). It is not clear how much benefit is achieved by IPSOs in environmental and 

economic terms (Lindhl et al., 2014). 

(ii) Improving company competitiveness; 

Through delivering integrated solutions instead of only products, companies are able “to 

enhance their position in the value chain, enhance customer value, enhance added value of 

their offering, enhance return on investment, obtain more stable cash flow, and enhance their 

innovation potential” (Baines et al., 2007; Tukker & Tischner, 2006; Wang et al., 2011). 

Companies can enhance their position on the market, if IPSO creates unique and customized 

customers relationships that are not easily copied by other competitive companies (Tukker & 

Tischner, 2006). Compared to products, IPSO can produce tangible and intangible values 

through the delivery of more customized solutions (Tukker & Tischner, 2006). In addition, an 

enhanced return on investment could be realized through sharing, and leasing concepts which 
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ensures a more intensive and efficient use of IPSO (Tukker & Tischner, 2006). In accordance 

to (Wang, et al., 2011), examples of benefits realised by producers are;  

 producers will be able to differentiate their products with a customised service element  

 With IPSO instead of only products, companies are able to enhance customer’s 

satisfaction and enhance customer’s loyalty. 

 In the context of business-to-business, manufacturers receive customised and integrated 

services from suppliers and could focus more on their own core business. 

 Flexible service business could guarantee companies an overall income level especially 

when facing a global or regional financial crisis. 

 

(iii) Changed consumer demand; 

Regarding customers, IPSE indicates that there will be a release from the responsibilities of 

asset ownership (Wang, et al., 2011). A part of operation is taken away from the customer and 

given to the manufacturer (Baines, et al., 2007). This is a motivation for IPSE. Customers will 

be demanding services and solutions, that is, they want more than just equipment but also the 

associated services’ offering that comes with the equipment (Lindahl et al., 2006). 

Consequently, a change in production process from the traditionally mind set (one direction 

flow from suppliers to customers) to the new IPSE mind set (a two way direction from 

suppliers to customer and vice versa) will be needed. Furthermore, there will be a chain of 

network communication created, involving many actors in the complete supply chain. 

Customers’ needs could be met better because of the integrated solution, more professional 

product management and maintenance, better tailored services, and so on (Wang, et al., 

2011).  

 

b)  What are the consequences if producers take full responsibility of results provided? 

According to (Baines et al., 2007; Wang et al., 2011), if ownership stays with the 

manufacturer, there will possibly be  

 a lower cost for spare parts,  

 lucrative after-sales business (because of increased relations in the customer’s business 

processes),  

 reduced waste and  

 efficient use of equipment.   

The focus is shifted from selling new products to satisfying the customer and utilizing the offer, 

as long as it is economically viable (Wang et al., 2011). 

 

c) Which perspectives should be considered in providing successful IPSO? 
If a firm focuses on only one perspective such as economic cost, there may be a reduction in 

cost. However there will be a higher cost recognized for other perspectives. To improve the 

chances of producing a successful IPSO, it’s important that the entire life cycle cost is reduced. 

One way to generate new ideas is to view a product from different perspectives (Lindahl et al., 

2007). IPSE have been promoted in several perspectives, for example, economic and 

environmental and research in the IPSE aspects has emerged in a number of disciplines (Bras, 

1997; Lindahl et al., 2007; Sundin & Bras, 2005). IPSE does not focus on a single aspect but 

incorporate a number of perspectives such as environmental, quality and economic (Lindahl et 

al., 2007). Therefore, since the IPSE scope is wide and not solely focusing on environmental 

issues, it gives a good path for a more balanced and objective service offering development. 

The most advantageous aspect of IPSE is that it includes the analysis of both the mixture of 

products and services within the offering, at the same times, relating to the life cycle of the 
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offerings (Lindahl et al., 2007). Furthermore, IPSE methodology aims at support 

improvement/focused thinking and help the user to step out of their traditional thinking, for 

example, by not focusing on the product but instead on the context the product or service is 

used in order to make it as good as possible (Lindahl et al., 2007).  

The rate of market and technological changes has accelerated in the past years. In order to 

successively compete in the current highly turbulent environment, manufacturing firms must be 

able to develop new product and to improve as well as be capable of optimizing old products. 

In the old product development, major customer requirements have been grouped into eight 

types such as: functional-performance, human-facto, physical-factor, reliability, lifecycle, 

resource and manufacturing requirements (Lindahl et al., 2007). Old products can be 

optimized to relate to these requirements and this can be illustrated using the geometry form in 

figure 11. 

 

.  

 

 

Figure 11: Some different perspectives to be considered when evaluating and optimizing a 

product (Lindahl, et al, 2007). 

 

In the Figure 11, the box is a representation the product while its sides represents the different 

perspectives namely environmental, customer, manufacturing, economic, quality and et cerate. 

Therefore using these different perspectives, a product can be optimized. The total cost of 

generating the product is represented by the volume of the box. The focus in the optimization is 

in general focused on producing products for as low a cost as possible, but at the same time 

with as high a price as possible (Lindahl et al., 2007). However, from all the perspectives in 

figure 11, researcher have acknowledged that IPSO improves both the environmental and 

economic aspects compared with the traditional offering (Lindahl et al., 2014). Furthermore, 

previous qualitative research arguing that the IPSO approach is preferable from an 

environmental as well as an economic perspective (Mont, 2002; Lindahl et al., 2014). 

 

d) How do provider carryout IPSE relationship with stakeholders? 

Relationship among stakeholders is necessary so as to encourage positive attitudes towards 

selecting products, combining goods and services, and promoting environmental sustainability 

(Durugbo, 2013). The IPSE-model, illustrated in Figure 12, highlights the crucial activities in 

the generation of the offerings. The two-way arrows in the method symbolize the important 

communication needed between the different stakeholders within the lifecycle activities 

(Lindahl et al., 2007). 

 

Economic 

Manufacturing 

Customer 

Environmental 

Et cetera 

Quality 
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Figure 12: An interactive design model for IPSE; (Lindahl, et al, 2007) 

 

In order to support the provision of IPSE, company, stakeholders and customer communication 

network is necessary. The relation between these actors aims at delivering a total solution to the 

customer.  

The starting point begins with the collection of the stakeholders and customers’ need and 

requirement which are intended for the generation of efficient and effective IPSO (Lindahl et 

al., 2007). The stakeholders in this case are the policy makers, suppliers, authorities and 

managing board (Lindahl et al., 2007). The gathered needs and requirements makes up the 

primary concept generation composition of the highlights that are required for the creation of 

the offerings. The best combinations of services and products are based on the validation of the 

different primary needs and requirements necessary for IPSO (Lindahl et al., 2007). One way 

to convince the customer of the gain is to use the “need and requirement analysis” activity-

identified parameters, and compare the values from the use of the offerings with the original 

values (Lindahl et al., 2007). Once both the manufacturer and the customers are satisfied, an 

agreement is reached. This step is noted as check and contract, as shown in figure 13, With a 

contract of the offerings at hand, the next step is to realize the concept; concept realization. The 

next step is to go from concept to realization of the offering, i.e. produce the different services 

and products needed for the offering to support and maintenance phase. Companies use this 

opportunity to learn more about the consumers’ experience of the IPSO and in turn provide 

further services and maintenance. As stated by (Tukker & Tischner, 2006), It is quite common 

for Integrated Product Service Offerings that the products’ ownership is not transferred to the 

user, and that the products are therefore taken back when the user no longer needs the offering. 

The IPSE approach can successfully be integrated with a remanufacturing system (Sundin & 

Bras, 2005). 

 

e) What is the total cost for providing IPSO composed of? 

Integrated Product Service Offering (IPSO) can be defined as an offering that fulfils predefined 

needs and consists of a combination of physical products, services and systems that have been 

integrated, developed and optimized from an life-cycle perspective in relation to the defined 

need (e.g. customer value) (Lindahl et al., 2006). 
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IPSO has attracted industry mainly because of its economic potential as well as the expectation 

of its environmental superiority (Lindahl et al., 2014). The Products, Service and System need 

to be designed for IPSO, because in IPSO business logic the spare parts and maintenance are 

considered as costs and thus detrimental in terms of improving the economic performance of 

the offering (Lindahl & Sakao, 2013).  

IPSO has the potential to improve the environmental and economic aspects compared with the 

traditional offering (Lindahl et al., 2014). Therefore, the companies need to redesign their 

physical products in order to make their new offering profitable and environmentally friendly 

(Lindahl & Sakao, 2013). 

 

The Life Cycle Cost (LCC) considers as a cost model that reflects the total cost of an 

investment, product or system (Lindahl & Sakao, 2013). All costs associated with all the stages 

of its life from cradle-to-grave such as (extraction of the raw materials, manufacturing 

processes, and the use in waste management as well as including all the transport and energy 

consumptions (Lindahl & Sakao, 2013). The Life Cycle Cost analysis of (IPSO) are involving 

several key factors as follow: 

(i) It involves the analysis of the costs of a product / system over its entire life span. 

(ii) It has the typical costs for a system which may include: 

 Acquisition costs (or the design and development costs). 

 Operating costs: It has several types of costs such as the cost of failures, costs of 

repairs & maintenance, cost for spares, downtime costs, and loss of production as 

well. 

 The end-of-life or disposal costs (Lindahl et al., 2014; Lindahl & Sakao, 2013) . 

(iii) It may also include other costs, as well as other accounting/financial elements (such as 

discount rates, interest rates, depreciation, present value of money, etc.) (Lindahl, et al., 

2014). 

 

f) How could the environmental aspects be balanced with the commercial aspect? 

Life Cycle Assessment (LCA) considered as a method for assessing and evaluating the 

environmental aspects and potential impacts from an overall perspective, associated with the 

entire product’s life cycle (i.e. cradle-to-grave) from the raw material acquisition through 

production, use and disposal or the end of life of the product (Lindahl & Sakao, 2013). This can 

be achieved by gathering an inventory of the relevant inputs and outputs of the product system; 

through evaluating the potential environmental impacts associated with those inputs and 

outputs; and interpreting the outcomes of the inventory analysis and impact assessment phases 

of the products. (Lindahl et al., 2007). 

 

According to Johansson, the environmental considerations considered as a new concept for 

many companies, since it is essential to establish a new mind set which can emphasize the 

importance of environmental consideration (Johansson, 2002).  

 Operational level: The new mind set on the operational level means that the project team 

members should consider the environmental issues in all the product development 

activities they perform (Johansson, 2002). 

 Management: The new mind set in management relates to which level of emphasis on 

environmental considerations the company should aim, which strategic environmental 

position the company should adopt and the right conditions for the operative ecodesign 

work as well as the measurement system incorporating the environmental issues. 

(Johansson, 2002). 
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The essential responsibilities for the management is to establish clear environmental goals not 

only to develop the organization, but for the individual product development projects as well. It 

means that the environmental consideration should be addressed as a business issue which 

means that the environmental consideration must be balanced with the commercial aspects 

(Johansson, 2002). 

 

Integrated Product and Service Offerings (IPSOs) have been promoted from several 

perspectives, e.g. economic, social, and environmental, (Lindahl et al., 2007). IPSO approach is 

preferable from an environmental as well as an economic perspective, since it can improve both 

the environmental and economic aspects compared with the traditional sales (Lindahl, et al., 

2014). 

 

The significant aspect of (IPSO) is that, the potential of influencing and changing the 

consumption patterns (Lindahl et al., 2006). The possibility of increasing the company's 

interest so as to improve the environmental performance of the use phase of products (Lindahl 

et al., 2006), as well as the economic potentials (Lindahl et al., 2014). The responsibilities for 

the companies and suppliers will also increase for their products during the use phase and the 

end-of-life handling by offering integrated products and services. This type of service offering 

will create economic incentives for the companies in order to develop and improve their 

products in more economically and often environmentally beneficial ways. In the production 

and manufacturing firms, this concerns saving resources, and if possible dematerializing 

solutions for customers and having a lifecycle perspective when developing offerings and 

solutions (Lindahl et al., 2006). 

 

IPSO can also be a driving force for developing and create new and innovative technical 

solutions, by concentrating the suppliers on offering integrated products and services (Lindahl 

et al., 2006). Since the manufacturers today regard service activities as increasingly important. 

Some manufacturing companies are shifting from a "product seller" towards a "service 

provider" (Sakao & Sundin 2009), therefore offering integrated products and services has 

proven to be an important market channel for the companies aiming to spread new technology 

to their customers as well. When developing new technology, however, it is significant that the 

companies consider the environmental impacts from the beginning of the product development 

in order to be able to realize the potential environmental benefits (Lindahl, et al., 2006). 

 

Moreover, IPSE has also a great potential for the environmental improvements. In addition, it 

has the ability to create new manners for the supplying company to gain profits from the 

environmental improvement during the use phase and the end-of-life of the products by reuse, 

refurbish, recondition, remanufacture the components of the products, especially if the 

offering's products are still owned and controlled by the supplier. For instance the 

improvements include a reduced need for the spare parts, energy and other products during use, 

which translates into savings from an environmental perspective as well (Lindahl, et al., 2007).  

 

g) What is the relation between Ecodesign and Design for Recycling (DfE)? 

The conceptual frameworks for the Sustainable Development (SD) of products is known as 

ecodesign or Design for Environment (DfE) respectively (Köhler, 2013). According to (Sundin, 

2009) much research efforts have been put into developing guidelines and manuals for Design 

for Recycling (DfR) such as for materials, product structure, fasteners and connectors. It is due 

to the fact that for recycling it is important to achieve the material chunks that are compatible 
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with one another (Sundin, 2009). Therefore, the (DfR) can be defined as an approach that can 

be used to design new products or modify existing products with taking into consideration the 

environmental issues during the whole Life Cycle (LC) of the product (Köhler, 2013).  

 

Ecodesign manners have been developed by the different industrial sectors, since there is 

another term called design for recycling (DfR) which aims at extending a product´s lifetime in 

order to prevent waste and to preserve non-renewable resources. (DfR) considered as a subset 

of ecodesign that specially aims at the optimization of products for repair, refurbishment, and 

recovery of materials at the end of the product life cycle (Köhler, 2013). 

 

Moreover, according to Sundin the designers may lack remanufacturing knowledge because 

there is a paucity of remanufacturing knowledge and research. Despite of the remanufacturing 

of the component has may provide greater financial and environmental advantages than 

recycling, but the Design for Recycling (DfR) has received more attention among the design 

and manufacturing engineers than the Design for Remanufacturing (DfRem). For instance, 

many designers are hesitated to use recycled materials because of the uncertain quality or 

supply standards as well as the additional energy that is required to reform recycled materials 

into manufactured products because the energy embodied in the materials and purchased parts 

assembled in the initial manufacture of the product is lost during the recycling process (Sundin, 

2009). 

 

h) Describe crucial issues at each step of Ecodesign: Planning, implementing, checking and 

corrective actions? 

An Environmental Management System (EMS) according to ISO 14001 is a part of the 

interdisciplinary management-system containing the organizational structure, planning 

activities, responsibilities, methods, actions, processes and resources for development, 

implementation, fulfilment, evaluation and sustainment of environmental policy as shown in 

the figure (15), (Wimmer et al., 2002). 

 

Environmental Policy: The importance of environmental issues in product development and 

design must be included in the company environmental policy (Dill, 2012). It is an agreed 

document statement defined by the management of the organization's stance towards the 

environment, which aims to: a commitment to continual improvements and prevention of 

pollution as well as to observe environment-related laws and regulations (Wimmer, & Züst, 

2002). There is no company without policy and in order to develop and improve the changes in 

the environmental policy, more attention needs to be focused on the process of how the goals of 

company environmental policy (Dill, 2012), which it needs long-time and are seldom a quick 

fix. 

 

Cross Functional Team (CFT): (Johansson, 2002) ensures that the success of project is 

achieved by careful planning of a unique product with super quality and cost advantages, This 

plans are executed by a co-ordinated and competent cross-functional team including people 

from different functions supported by senior management (Johansson, 2002). Wimmer states 

that, probably the staff members might be not realized the interrelation between the individual 

work fields and they also know very little about each other (Wimmer, & Züst, 2002). The 

communication and share knowledge among the staff members are very significant, therefore 

the interdisciplinary workshop are a suitable setting for the creation of such macro-structures 

and shared concepts by inviting the people to use (out of the box) thinking. This will help to 
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bring to light new points of view and hitherto unrecognized interrelations (Wimmer, & Züst, 

2002). 

 

Planning: According to the ISO 14001 standard point of view, the evaluating and improving 

company specific environmental performance is highly important. An efficient planning leads 

to good results (Johansson, 2002). In this stage comprises an analysis of "legal and other 

requirements'' and the ecology analysis as well (Wimmer, & Züst, 2002). 

  

Special care is required in the planning (Carver, 2003). For the development of the appropriate 

measures the analysis of the environmental situation is very significant prerequisite in this step. 

Therefore the company should ensure that any ''significant environmental aspects'' are taken 

into consideration in defining its environmental objectives. (Wimmer, & Züst, 2002). 
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Figure 13: Structure of an EMS and the corresponding links to Ecodesign in the product development process (Wimmer, & Züst, 2002). 
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Review Implementation & Operations: The planning of environmental management 

programs is followed by implementation, monitoring, and review stages which support the 

efficient application of environmental management programs (Wimmer, & Züst, 2002). In 

this stage the ecodesign measures have to be implemented which means improvement 

measures transformed into design changes.  

 

In addition to the these improvement measures there are also other manners could be used in 

order to minimize the energy consumption of the products by using the labeling on the 

products which can help to increase the awareness of the consumers and the energy efficiency 

requirements imposed to the products on the design phase. 

 

Check And Corrective Actions: Screening ecodesign project and measures have to be 

examined in order to ensure that all the ecodesign improvement measures have been 

implemented for the products development, since the evaluation and assessing of the 

environmental performance for the products needs detailed knowledge of the design, 

Management Review phase, production requirements and the product's use as well (Wimmer, 

& Züst, 2002).  

 

Management review: Management will monitor the development process in order to 

determine the success of the projects and processes through the investigation, evaluate and 

assess of the implementation of all the ecodesign measures and environmental implication as 

well as to cover whole the environmental aspects (Wimmer et al., 2002). 

 

To ensure that the ecological aspects are actively implemented at all the levels of the 

organization, the ISO 14001 standard also points to the fact that other projects, planned or 

under way (within the organization), must also be investigated for their environmental 

implication (Wimmer et al., 2002).  

 

The "significant environmental aspects" in the Research and Development (R&D) stage of the 

products and processes or any other approaches in order to develop and improve the product 

processes. The management should also provide the reward success for the innovative staff in 

order to support, encourage and motivate them to create more innovations.  

 

Continual Improvement Process (CIP): It is an ongoing effort aims to improve the products, 

services, or processes, or it also be a sort of change which concentrates on raising the 

effectiveness or to improve the efficiency of the products of the company in order to fulfil the 

policy and the objectives of the organization. The process will help to provide significant 

information for the (CIP) and to integrate the assessment of the measures of ecodesign in the 

managing process (Wimmer et al., 2002) 

 

i) How can the current engineering education be improved to support sustainable 

development? 

Fast growing in technical development makes the need to increase the skills in human relation 

and technical competence, as well as today's engineers should cope with the continual 

technological, the commercial realities of industrial practice in the modern world and the 

organizational change in the workplace, but it appears that the predominant model of 

engineering education still remains to that practiced in the 1950's – as called "chalk and talk", 

with large classes and single-discipline, lecture-based delivery the norm, practically in the 

early years of study (Mills, & Treagust, 2003). 

Therefore, there are many critical issues in engineering education need to be discussed as 

follow: 

i. The current programs do not provide the sufficient experiences to the students. 
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ii. The study programs need to develop and improve more awareness amongst the 

students of environmental, economic, social, and legal issues that are part of the 

reality of modern engineering practice. 

iii. The engineering curricula are very concentrated on the technical courses and 

engineering science without providing the sufficient integration science for these 

topics or relating them to the industrial practice. Program are content driven.   

iv. The existing faculty have a lack of practical experience, therefore they are not able 

to adequately related theory to practice or provide design experience. Present 

promotion systems reward research activities and not practical experience or 

teaching expertise. 

v. The graduates still lack teamwork experience and communication skills therefore the 

programs need to incorporate more opportunities for students in order to develop 

their skills. 

vi. The existing teaching staff and learning strategies or culture in engineering programs 

is outdated and needs to become more student-centered (Mills & Treagust, 2003). 

 

Higher education assessment considers as an important part of the existing education system 

assessment, because it can play a vital role in the strengthening macroeconomic management 

of the higher education, the engineering education reform and development as well as the 

improving the quality of engineering education (Gao et al., 2009). 

 

The overall goal of engineering education is to prepare students to practice engineering and, 

in particular, to deal with the forces and materials of nature (Feisel & Rosa, 2005), and also in 

order to educate engineers who can understand what this responsibility means and to bring 

this understanding into practice, engineering students also need to be taught the appropriate 

basics of the social sciences and the humanities (Geerts, 2013). Therefore, it is very 

significant to develop and improve the engineering education by addressing the critical issues, 

and also it is very important to strengthen the research of the higher engineering education 

assessment by establishing an evaluation index system more scientific, objective, and 

practical, improve assessment methods, and to reduce the impact of man-made factors on the 

results of assessment (Gao et al., 2009). 

 

Engineering education, even today, occurs as much in the laboratory as through lecture (Feisel 

& Rosa, 2005). The task of higher education is to educate the students in order to become 

effective modern engineers (Crawley et al., 2007), and due to the work of engineers is not 

value free or neutral, it is important that the engineers are educated in the important principles 

of the social sciences and humanities (Geerts, 2013). While the engineering programs became 

more theoretical, on the other hand the industrial companies continued to require for the 

graduate students who possessed more practical skills (Feisel & Rosa, 2005). Therefore, the 

students should be technically expert, socially responsible and inclined to innovate in order to 

be able to participate and eventually to lead in aspects of conceiving, designing, implementing 

and operation systems, products, processes and projects (Crawley et al., 2007).  

 

Finally, if the industry studies, reviews and the accreditation criteria of engineering education 

are examined, the profession, industry employers and the students themselves are calling for 

significant changes to the current philosophy and delivery of engineering education (Mills, & 

Treagust, 2003).  

 

j) What are the requirements to improve the reformation of Engineering Education?  

The education is essential for the awareness and understanding of what is good for society, 

and the engineers play a vital role in the development of a prosperous society. Therefore, it’s 

very significant that the engineers should be educated in the principles of the social science 
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and humanities. To educate the engineering students the concept of sustainable development 

should be part of an education in engineering but only when the social sciences are also a part 

of it (Geerts, 2013). There are several significant issues to improve the reformation of 

engineering education as follow: 

 

(i) The program adopts the principle that product, process, and system development and 

development-Conceiving, designing, implementing and operating (CDIO) are the 

context of engineering education. 

The fast-developing technology provides both opportunities and serious challenges to the 

engineering and engineering education (Shuman et al., 2002). It becomes a need to improve 

and develop the situation of the higher engineering education, because the engineers have to 

be able to Conceive-Design-Implement-Operate (CDIO) (Crawley et al., 2007), they should 

also be trained as creators, designers, inventors, and practical people who can go from 

“thoughts to things” (Mina, 2013). Therefore the (CDIO) needs to be ameliorated, by 

asserting that the (CDIO) should be the context of the engineering education. The context for 

education means the cultural framework, or environment, in which the technical knowledge 

and skills are learned. The educational culture, teaching skills, conveying attitudes should all 

indicate that (CDIO) represents the roll of engineers in their service to society (Crawley et al., 

2007).  

 

(ii) The education emphasize the technical fundamentals, while strengthening the learning 

of personal and interpersonal skills; and product, process and system building skills. 

Traditionally, engineering education has been content-centered, design-oriented, and 

permeated by the development of problem solving skills (Bourne et al., 2005). From the 

beginning of engineering education, laboratories have had a central role in the education of 

engineers. While there has been an ebb and flow in the perceived importance of laboratory 

study versus more theoretical classroom work, it has never been suggested that laboratories 

can be foregone completely (Feisel & Rosa, 2005). The evolution of engineering faculty 

composition can also be traced to a notional representation of the way in which a balance was 

struck between the teaching of personal, interpersonal, and process skills, and the product and 

system building skills (Crawley et al., 2007). 

   

(iii) The learning outcomes of students in a program should be set in a way that reflects 

the viewpoints of all key stakeholder groups: students, industry, university faculty and 

society. 

Engineering Education has four key stakeholder groups: students, industry, university faculty, 

and society. Industry is the ultimate customer for the students after graduate, since it 

considered as a essential stakeholder of the education as well. Therefore it is very significant 

to form a hard basic and strong relation between academia and industry, in order to reflect on 

the industrial requirements for the education of the students (Crawley et al., 2007). University 

faculty are the developers and deliverers of the knowledge skills, attitudes and they bring their 

insights into the investor and the customer needs of students. Furthermore, the society also 

plays a vital role through the legislation and accreditation, sets requirements on engineering 

education as well as the degree requirements and emphasis on the social goals such as 

sustainable development (Crawley et al., 2007). To prepare engineering students in order to 

contribute to the sustainable development, it requires a systematic dialogue among key 

stakeholders and the use of a number of active learning methods. Because preparing 

engineering students contribute to the sustainable development considered also as benefits 

significantly from education in the social sciences and the humanities (Geerts, 2013).  
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(iv) Curriculum and pedagogy are revised to make the engineering education more likely 

to attract, retain and graduate qualified students into the profession, without 

compromise to quality and content.  

In many developed and developing nations, there is a shortage of students in the fields of 

engineering, science, and technology (Crawley et al., 2007), due to academic curricula of 

engineering degrees imparted in the universities do not always fulfil industry requirements in 

demand for professionals (Baladrón et al., 2013). Therefore the students are not attracting to 

study these education fields at university; they are not retained to the programs. They moved 

to different fields. It would be desirable to reform engineering education in order to be more 

attractive to the students (Crawley et al., 2007). To make it easy for the students by using 

another way for education called "flexible engineering education". The flexible education as 

per an organizational perspective, it relies on renewed study programs, regulations, as well as 

the partnerships and collaborations with other institutions. Trying to distribute the flexible 

education which means less teaching and more learning opportunities, which rely on 

additional resources, alternative modalities, and personalized support offered in an open 

academic environment. From the technological point of view, the flexible education 

corresponds to an adequate exploitation of the information and communication devices and 

infrastructures, especially the Internet. While as per a pedagogical point of view, the flexible 

education means providing students with extended accessibility to learning resources, 

increased freedom to organize their learning activities, and enhanced participation, autonomy, 

and collaboration (Gillet et al., 2005). 

 

(v) Engineering education reform is built on a well-informed adoption of best practice 

and understanding of models of learning that are broadly applicable to engineering 

disciplines.  

In a technological dominated world the engineer becomes the switching point in modern 

industry and in society as a whole. Yet, these same technological advancements require that 

the work force's professional competence and basic education continually be updated 

(Shuman et al., 2002). What makes engineers free to create the future inventions, tools, 

devices, ways to do things, and get things done is the essence of practicality and the pragmatic 

approach that has defined engineering throughout the history (Mina, 2013). Therefore, it is 

very necessary to educate and practice the engineers to be able to execute a sequence of tasks, 

in order to design and implement a product, process, or system within an organization 

(Crawley et al., 2007), and also what makes engineering education unique and valuable has to 

be the pragmatic aspects of the education (Mina, 2013). As in China, the higher engineering 

education has made a great development since it trained tens of thousands of specially 

technicians in the industrialization process of China and played a positive role in promoting 

the modernization of China's industry (Gao et al., 2009). Because, that every graduated 

engineer has to be able to: Conceive-Design-Implement-Operate complex value-added 

engineering products, processes, and systems in a modern, team-based environment. The 

(CDIO) emphasizes on the product and system lifecycle as well as the value-added considered 

as the additional worth created at a certain stage of the production. Therefore the first step to 

develop the situation of the engineering education is a restatement of the underlying need for 

engineering education (Crawley et al., 2007).   

The quality of service in education is grounded in the receptiveness, conversation, and 

relationships that exist between teacher and student (Mehta et al., 2013). To improve the 

quality of teaching and learning, the amount of content deemed necessary for graduates of 

engineering degree programs has steadily increased over the last half century. The content 

continuously changes but often not without considerable debate in engineering faculty 

curriculum committees. What topics should be offered? Which are most important? How can 

choice across a broad spectrum of engineering topics be provided? Which topics fit which 

degrees and why?  (Bourne et al., 2005). 
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As Ozaktas points out in (Spitzer, 2013) that there are five dimensions of learning and 

teaching styles set needs to be adopted to the engineering students:  

a) Concrete and factual teaching material is given priority over abstract-theoretical 

models and principles.  

b) Emphasis is on visual input (pictures, diagrams, video sequences, student 

appearance on stage), while still requesting reading of longer texts in preparation of 

students for class sessions. 

c) The inductive approach, starting with facts and observations, is used in order to 

catch students’ interest and to allow for generalizations later. 

d) The focus is on active learning styles, like community research in small groups, 

debates on stage, and mass voting in large classroom settings. 

e) Both sequential (step by step) and global (holistic) teaching styles are employed 

(Spitzer, 2013). 

 

k) How can educational initiatives for sustainable development be incorporated into 

different levels of society? 

In recent years, the integration of Sustainable Development (SD) in the higher education is 

receiving more attention, since different initiatives have been taken by Higher Education 

Institutions (HEI) in order to integrate (SD) (Verhulst, & Doorsselaer, 2013).  

The concept of Sustainable Development does not refer to the environmental issues only, but 

it also includes a wide range of significant policy areas which links to the world's 

development (Klos et al., 2008). Ecodesign is considered as a discipline that can strengthen 

the knowledge, skills and attitude of engineering students to deal with the growing complexity 

of sustainable development (Verhulst, & Doorsselaer, 2013). The assessment of engineering 

education can not only improve the quality of engineering education, but also conductive 

engineering education with social development (Gao et al., 2009). Therefore, it seems 

obvious that the adjustments in engineering education programs were required in order to 

prepare engineers for developing intermediate technological solutions that would work under 

quite different physical and societal conditions than those of the modern western world 

(Geerts, 2013).  

The broad attitudes towards placing environmental issues in design education which aims to 

create the awareness among students about the role played by sustainability in industrial 

product development processes (Klos et al., 2008). As a result there are several courses 

related to ecodesign have been designed to advance interdisciplinary understanding and 

proactive integrated application of environmentally related knowledge in product design. This 

course will help to increase the students’ ability to provide an opportunity to develop the 

conceptual framework of ecodesign and to enable them to be more constructive, integrative, 

and innovative in the work in integrating environmental, social, and economic factors into the 

company's product design processes. Beside of the increasing of technical abilities of the 

students, the eco design course has pedagogical ideas and goals are to promote collaborative 

creative research combining different areas in order to achieve a wide perspective and a more 

effective reduction of the negative environmental impacts (Bergeå et al., 2006). 

 

Several authors situate the (SD) in higher education on different levels: education, research, 

outreach and operations (Verhulst, & Doorsselaer, 2013). Since the students working on the 

areas closely related to the problems of sustainable development, joined their efforts in order 

to cooperate on the project leading to establish a specialization called "Eco-Engineering". The 

shared concept was to introduce broad scope of environmental issues into the student of 

engineering education (Klos et al., 2008). Therefore, the Ecodesign is often integrated in 

design education. However, it also has a high relevance for engineering education, as people 

with different backgrounds work in the product development process spread over several 

departments within the companies (Verhulst, & Doorsselaer, 2013). In addition to the 
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knowledge and skills provide the students with a capability of independent and critical 

judgment, an ability independently to solve the problems and the ability to follow the 

development of knowledge all the field covered by the education (Bergeå et al., 2006). 
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Chapter 5:  Discussion and Conclusion 

Here, the results of the research questions and other relevant topics discussed and presented 

with information built up from the results and literature study. At the end of this chapter a 

summarised discussion is presented in form of conclusions with connection to the research 

questions. The strategy taken to conduct this thesis task was first to study and understand the 

concept of PSS, IPSE, and Ecodesign as well as Engineering education. In order to collect 

informative knowledge on these concepts, research questions were created. The answers to 

these question gave a conceptual understanding of the concept and the purpose of the 

research objectives. The findings for each of these research questions are presented in the 

subsection 5.1, 5.2, 5.3 & 5.4 

 

5.1  RQ-1: What are the Opportunities and Risk of IPSE and Ecodesign? 

The key to a successful implementation of IPSE and Ecodesign lies on the ability of the 

provider to control the physical product at the pre-use, use and post-use phases (Lindahl et al., 

2009). Business model consider the importance of the impact of take-backs of used products 

since there have the prospect for remanufacturing as well as material handling.  

a) Opportunities  

Integrated Product Service Engineering (IPSE) consists of several business concepts such 

as Quality Engineering, Service Design, Ecodesign, Economic Management, Production 

Engineering, etc. The sustainability considered as a main factor in all future development. 

IPSE has the potential environmental, economic and social benefits (Lingegård et al., 

2012).These benefits are presented as follows; 

(i) Environmental Sustainability: -IPSE can be used as instrument to decrease the 

environmental impacts.  

The environmental issues have been increased (Wimmer & Züst, 2003), and there is no 

unique solution to tackle these problems. However, in order to move towards integrating 

environmental issues in product design, (Bras, 1997) suggests that there are many 

companies and organizations that have realized the need to become more environmentally 

responsible. The companies became more aware of the need to include serviceability and 

maintenance issues in their design processes. There are several researchers that have 

advocated that companies need to redesign their physical products in order to make their 

new offerings profitable and environmentally friendly (Lindahl & Sakao, 2013). 

Integrating the products and services will lead to an increase in the responsibilities of the 

suppliers to manufacture the product in more economically and often environmentally 

beneficial method. The integration will be a driving force to develop a new and innovation 

technical solutions by taking into considerations the environmental aspects at the earlier 

stages of product developments (Lindahl et al., 2006). As shows in figure (5) that IPSE 

does not only apply on the Ecodesign phase, it will be more control over life cycle than 

Ecodesign. IPSE does not leave out control after design but it covers the entire life cycle 

of the product (Lingegård et al., 2012), in order to improve the whole life-cycle 

environmental performance of products and minimize the negative environmental 

impacts. Also IPSE includes how to develop the efficient business plan, maintenance 

services as well as to evaluate the environmental degradations. 

 

(ii) Economic Sustainability -IPSE can be a profit centre  

IPSE can be used as a motivation in industries by focusing on and more service in the 

manufacturing industry, customer connection and increase the competition. The different 

ways in which IPSE can be a profit centre is presented as follows;  

 More service in the manufacturing industry:  
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In the manufacturing companies IPSE tool can tend to have a life cycle point of view, 

which involves the whole life cycle phases from the earlier stages of the product 

manufacturing as a (concept) to the end of life. It includes (concept development, design, 

manufacturing, service, maintenance, take-back, reuse, remanufacture and recycling 

stages). This generates opportunities for influencing on the product design, service design 

as well as the consumption manners (Lindahl et al., 2006).  

 Customer connection;  

These opportunities have been taken advantage of making close cooperation between 

customers (buyers) and suppliers in the complete supply chain (Lindahl et al., 2006). 

Increased interest in taking care of an extended part of the value chain because when the 

customer cooperates with the supplier by increasing the customer's loyalty will create a 

closer and longer lasting relationship between them and that can build up confidence in 

the relation, increase innovation related activities and minimize the relation stress. 

 Increased competition;  

Changing the relation between suppliers and customers (users) is a basic in Product 

service/ system (Evans et al., 2007), by fitting targeted customer needs (Lingegård et al., 

2012). Since the service development was expressed as gaining increased profitability, 

this can be done by supporting their customers to increase their value and to satisfy and 

fulfil the customer demands (Sundin, 2009). This will lead to create the competitions 

between the companies (Lindahl et al., 2006). 

 

(iii) In society aspects, -IPSE has one benefit is that it promotes dematerialization and 

changed consumer behaviour in society.  

For manufacturing companies, this concerns saving resources, and if possible 

dematerializing solutions for customers and having a lifecycle perspective when 

developing offerings and solutions (Lindahl et al., 2006).  

 

b) Risks 

According to (Lindahl et al., 2009), how the product is designed has a potential effect in 

reducing risk. Examples can be related to the engineering issues such as how easy is it to 

measure use and remote diagnosing (Lindahl et al., 2006). Presented below are some of 

identified risks in which manufacturers have the possibility to improve on their production 

lines. 

(i) Owning Products 

Customers are the basis of the business process. At the same time, consumers might ask 

themselves several questions before buying the products. Examples include; do I really 

need these products and services? Is there any benefit of buying/owning these products? Is 

the value of derived from owning the products offered really will meet my needs? Is this 

product extremely special, very rare or it has a sentimental value? and so forth. It seems 

like a complicated process, but many customers would not prefer to buy and own non-core 

physical products that are required for their work (Lindahl et al., 2009). Ownership means 

assets on the balance sheet, and lower total capital will increases the profit/total capital 

ratio which is an important key performance index (Lindahl et al., 2009). Consumers’ 

needs are constantly changing, for that reason, they require change in a product and yet 

ownership is seen as reducing factor to change. However if the supplier takes over 

ownership, risk will be on the supplier as well. This can be seen in the effect of rapid 

induction of new technology, if the new technology does not work, the risk is felt by the 

supplier not the consumer (Lindahl et al., 2009). 

 

(ii) Renewal of Consumers’ Desire 

Another example is that; the customer requirements are constantly changing, the things 

they like more frequently altered. Because the things that have them today probably are 
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not required or useful for tomorrow due to renewed era (Lindahl et al., 2009). Products 

ownership will shrink the flexibility of renewing, and that depends on the leasing contract 

between the supplier and buyer. The supplier will be responsible of the product if it breaks 

in advance. The supplier takes over the risk; this can be a way to more rapidly introduce 

new technology, if the technology does not work. The supplier will be responsible to solve 

the problem and not the customer's. But if the customer have the desire to change or 

renew the products, then the supplier have a clause in the contract that the customer 

should pay a fee in order to enable the customer to change, adjust or renew the offer. 

Therefore, the supplier has in general an easier time that a customer to find a new user for 

the non-needed products and this is an advantage for the supplier (Lindahl et al., 2009).  

 

(iii) The Supplier have (Product and Service) 

The product considered as the first point not the complete point of the offering. 

Traditionally, the service and spare parts is an important income for companies since it 

considered as a vital for the high profits. The significant question rises what happens if the 

supplier takes the full responsibility of manufacturing the products and services after sale? 

However, if the supplier takes all responsibility of the products and services 

simultaneously and gets paid for the function then: 

 The spare parts and the service after selling the product becomes costs, these 

costs should be reduced in order to increase the profits of the company. 

 If the offer (product) does not work due to some malfunctions in a product, the 

supplier will lose money and should get paid for the function. 

The focus is shifted from selling new products to satisfying the customer and utilizing the 

offer, as long as it is economically viable. 

 

5.2  RQ-2: What are the Challenges of implementing IPSE and how can these challenges 

be addressed? 

There is a number of researches on a novel and innovative value proposition through the 

integration of products and services product/service systems (PSS) have been conducted over 

the last decades (Lee & Kim, 2010). In order to gain enormous revenue the manufacturers are 

moving more towards the business approach of PSS (Sundin, 2009) However, there are 

several challenges that must be overcome in order to develop the PSS/IPSE.  These challenges 

can be identified as follows; 

 

(i)  Changing mind sets to market PSS? 

The PSS concept requires a new way of strategic business thinking in the market (Mont, 

2001), therefore it will a big challenge especially in the large companies that how to find a 

proper way in order to market PSS internally among the company group and externally to the 

customers (Sundin, 2009). In order to improve, sell and to deliver PSS, some of the marketing 

and sales rules have to be changed and new capabilities required to be in the centre of goods 

in the company (Sakao, et al., 2011). Traditional manufacturers taking on the journey of 

servitization face the challenge of changing mind sets (Vladimirova et al., 2011). The 

challenge of changing mind set of sales force and retailers, it implies how should the internal 

marketing be conducted successfully? (Sundin, 2009) Shifting of culture takes place within 

the provider but also it requires involving the customer in the process (Vladimirova et al., 

2011). Therefore, it is not easy task to convince the customer about the service concept 

(Sundin, 2009) because it is a great challenge to shift from owning the product to using the 

service instead. (Vladimirova et al., 2011) which it is required a new method for selling the 

products in order to approach the customers and obtain their satisfaction (Sundin, 2009). The 

change of mind sets can be facilitated by very high powerful commitment of the 

organizational leadership, it requires more training for the staff and developing new skills, and 
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also promotes the continuous communications between the suppliers and the customers. They 

can also use the reward motivations and the financial incentives in order to encourage and 

facilitate the mentality changing. This new service culture should be supported, maintained 

and protected during the whole transformation processes (Vladimirova et al., 2011).   

 

(ii)  How to develop the PSS system? 

PSS is new techniques/approaches that can support the design of product-service bundle mix 

offering (Phumbua & Tjahjono, 2012). It is not an easy task to develop PSS, since it is 

separated by tradition and the company structures for developing products and services are 

quite different. Developing the PSS is a great challenge for the PSS developers in order to 

achieve an efficient integrated development of the products and services that are to be 

included in their offerings (Sundin, 2009). In order to broad PSS, the development teams 

should involve the people of various disciplinary functions as well as in the service 

departments. 

   

(iii) Customer relationship and how the product price should be set? 

The main problem in the start offering services that the costs should be supplemented to the 

price of the product, i.e. how the (PSS) should be set in a proper manner. It is very difficult 

for the companies to change the customer's mind set which it is the great challenge for the 

companies (Sundin, 2009). The customers realize that the PSS is to shift from buying 

products to buying services and system solutions (Mont, 2001), since the customer should 

realize that the main costs of the product will not add or account to the maintenance part or 

for the spare parts costs, but rather the costs of having that in case of the product has a low 

level of productivity or to stop the production. In this case the customer will start thinking 

about products used or in the value of the services, rather than the cost of the physical product 

or spare parts (Sundin, 2009). Therefore, servitizing companies have to make and build a new 

dynamic partnership with the customers. This relationship involves; continuous collaboration, 

improved communication manners with the customers and better understanding of customer's 

demands, to do this the provider should make an 'account management' structure as the user 

facing of the business  (Vladimirova et al., 2011). 

 

(iv)  How can new technology be used? 

PSS considered as new definition and customization of performance measures (Phumbua & 

Tjahjono, 2012). The products manufacturers have to realize that the product is the start point 

not the end point of the offering (Vladimirova et al., 2011). The new technology plays a vital 

role, but the challenge in PSS is how this new technology can be used to help and aid the PSS 

to be used and developed. In this arena it is required more attention due to the lack of the 

systems in place (Sundin, 2009). 

 

(v)  How to benefit from environmental potentials? 

In the last decades, there are different approaches and concepts have been developed in order 

to address the environmental problems, such as cleaner production, cleaner technologies, 

waste minimization and recycling approaches, ecodesign and design for sustainability (Mont, 

2001). As stated by Bras that the environmental burdens caused by (excessive) consumption 

of natural resources and emissions of the pollutants to air, water, and land (Bras, 1997). PSS 

has the potential to reduce the negative environmental impacts by reusing the components of 

the old products thereby will reduce the raw materials and energy consumption (Bras, 1997), 

the problem is how to get the companies to be interested in these potentials of PSS and 

include those aspects to fully reach the environmental potential. The challenge is how to 

improve customers' interest in order to reduce the environmental degradation (Sundin, 2009). 
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5.3 RQ-3: What is a good structural model to transfer knowledge between academia and 

industry? 

The findings for each of these research questions are presented in the subsections bellow.  

There is no doubt that there is a gap between the University curricula in engineering 

education, and the profiles required by industrial companies, this represents a problem that 

needs to be tackled. According to (Baladrón et al., 2013), these gaps are caused by two 

reasons:  

 Lack of knowledge and information regarding the updated technological innovations. 

 The absence of certain specific applied subjects and that are already introduced in the 

business world. 

There several research studies that have been reached and stated out the environmental, 

economic and social benefits of PSS, despite this the education in universities still focused on 

the teaching product design (Dill et al., 2012). While in the new institutional economy offers 

a range of other interesting concepts (theories and assumptions), these ideas can be used to 

facilitate the PSS design on one hand (Dill et al., 2012) .On the other hand the provider is 

often put in a position when they have to educate their customer and the market (Vladimirova, 

et al., 2011). The advantages of the concepts such as transaction cost theory or the assumption 

of asymmetric information will help to understand and create PSS (Dill et al., 2012).  

Figure (14) below describes four stages of sustainability improvements namely product 

improvement, redesign product, function innovation and system innovation (Dill et al., 2012). 

The environmental improvement considered as a main target for product redesign as well as 

new product development. Therefore, it is very necessary that the designers need to be 

facilitated in order to be able to attain their top goal. Moreover it is significant in order to be 

able to determine the potentials of a well-designed PSS (Dill et al., 2012).  

 

 
Figure 14: Shows the sustainability improvements (Dill et al., 2012). 

 

To invest the potentials of PSS and transfer it from academia to industry, it is very necessary 

to educate the designers, as well as the decision makers, with complete knowledge and 

information about the range of solution variants that include PSS to be able to choose the best 

fitting solution for the development task. Moreover, it is important to research, teaching 

methods and tools to handle PSS design tasks, in order to transfer the knowledge from science 

to praxis (Dill et al., 2012). Therefore a series of studies argue that a radical restructuring of 

the theoretical knowledge taught in academic education programs is needed, in order to create 

competencies of professional value in today’s business situations (McAloone, 2007).  

 

Academic curricula of engineering degrees imparted in the universities do not always fulfil 

industry requirements in demand for professionals (Baladrón et al., 2013). While practically 
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the most successful way is to work with people in the real world rather than in a purely 

academic environment, because of the students respond more quickly when it is a real 

situation; when their input counts and can make a difference. The students also respond more 

effectively to feedback received directly from clients and users (Bailey, 2012). The students 

learn to focus on the real people: identifying their needs and reflecting these requirements 

through user personae and user journeys. These design tools can be used to not only 

communicate a user scenario but can also be used to analyse and evaluate what was 

happening and to identify innovative design opportunities (Bailey, 2012) 

 

Traditional collaboration between industry and academia has been focused on research 

activities, with universities playing the role of consultants or partners for research, 

development and innovation activities (Baladrón et al., 2013). Therefore, the major task is to 

educate engineers that have abilities to identify, formulate and solve problems that arise in the 

context of application, as opposed to merely being able to solve problems that can be spotted 

within a narrower and well defined discipline (McAloone, 2007). According to (Bailey, 

2012), the main process for doing the research study is to identify the customer demands, 

which can be done by using the following steps: 

a) Gather the raw data from customers by making interviews, focus groups, observing 

the product in use.  

b) Interpret and explain the collected information in terms of customer requirements. 

c) Organize the requirements into a hierarchy of primary, secondary and (if required) 

tertiary needs.  

d) Establish the relative importance of needs (according to the highest priority and the 

strategic importance of the customers' needs).  

e) Reflect on the results and the process.  

The approaches of the research studies, expertise and the skills that have be used in the social 

science field were adopted in order to promote the observational research knowledge and 

experiences of the students. It also helps the students to engage more effectively with the 

project group members and as well as to support them to collect the main data and insights 

that might inform their later design suggestions and proposals of the project (Bailey, 2012). 

The previous or the old ways that have been used such as questionnaire are not always 

suitable for doing some research studies, because it difficult to write well, losing the time as 

well as it is not appropriate for the qualitative data while it is excellent method for collecting 

the qualitative information (Bailey, 2012). Although the design of the tools is different from 

case to another; the design of methods and tools of engagement with the research group 

members is very significant, because it is very necessary to get the relevant data. In addition, 

the observations and interviews, user empathy and the cultural probes approaches are very 

helpful as a complements to the project works because it determines the main user issues 

rapidly (Bailey, 2012). University plays a vital role in supporting the innovation performance 

and productivity growth has received increasing emphasis (Hughes, 2006). It can also play a 

crucial role in society as producers and transmitters of knowledge (D’Este & Patel, 2005). 

The term of industry connotes different things to different people, an example for a 

manufacturer it implies the various processes which involve in manufacturing a product (Rao, 

2010).  

 

One of the main problems in this research study focused on how to develop and strengthen the 

relationship between the academia and industry, and how this relation can be used to improve 

the academic performance and scientific research at universities and transfer them to industry. 

University–industry linkages require not only university-specific reforms but also an efficient 

technology-transfer system in the region for transferring or applying the scientific knowledge 

and research results of universities to industrial firms (Kodama, 2008). Since the University 

research plays an important role in industrial innovation (Perkmann & Walsh, 2009). The 



55 

 

university-industry collaboration considered as the foundation, it impulses the educational and 

teaching reform and improves the quality of teaching (Huang et al., 2013). This relation can 

enhance and develop their ability to achieve the environmental sustainability by reducing the 

negative environmental impacts, increase the economic benefits and the standards of quality 

assurance and accreditation. 

At the same time, it increases the need to strengthen the links between universities and the 

industrial companies largely. This is as a result of the attention of various countries all over 

the world in order to develop their economic situation and increase their competitiveness 

(Hughes, 2006). For instance in the late of 1990s, the long economic stagnation and a 

decrease in the competitiveness of leading industries in Japan were the big motivation to 

spread the scientific knowledge especially the research results of universities as a mean of 

revitalizing the Japanese economy (Kodama, 2008). They also paid attention in order to keep 

pace with technological development and scientific innovations to increase the 

competitiveness in the globalization time and the freedom of international trade as well as to 

facilitate the movement of trade in goods and services between the various countries of the 

world (Hughes, 2006).  

 

5.3.1 The Nature and Importance of the Universities - Industry Collaboration  

The relationship between universities and industrial organizations is based on the cooperation 

and partnership between the two sides in various fields to achieve the benefits of (multiple 

benefits) for both parties (Hughes, 2006). Industry funding for the research is a central 

element (Turk-Bicakci, 2005); since the fund is designed to support knowledge transfer 

activities which would be unlikely to generate a large net income for universities (Hughes, 

2006). Universities had their own reasons for interest in new partnerships with industry. They 

faced shrinking R&D budgets as funds from federal sources declined. The Universities 

seeking, through its cooperation with industrial companies in order to obtain the financial 

support from these organizations and it will be a good opportunity to increase their resources 

for research and to enhance the reputation of the university (Turk-Bicakci, 2005). This can 

help the universities to develop and improve their performance and ensure the quality of the 

outputs of programs; research studies and human cadres specialized in various fields. This is a 

part of the basis of inputs business organizations which help them to develop and improve 

their level of performance and quality of their products and services, and enhance its 

competitive position in the market. Changes in organized science further encouraged 

university interests in expanding technology transfer (Turk-Bicakci, 2005), because the 

scientific disciplines play an important role in influencing the type of interactions with 

industry (D’Este & Patel, 2005) as well as the University and industry collaboration became 

the basic method of solving the problems (Huang et al., 2013).  

 

In Japan, one of the first and important elements to success the university-Industry linkages is 

the intermediate between them. It plays a vital role to provide the universities and 

organizations, the complete information about the partners that could cooperative and 

coordinate the projects with them. The second key element for the success of university–

industry linkages is the absorptive capacity’ of the firms that are the recipients of scientific 

knowledge produced by universities (Kodama, 2008). 

For the purpose of conducting scientific research, the entire information and the basic 

requirements should be provided in order to success the project. Since the lack of information 

to the universities and academic researchers to conduct their scientific research and the lack of 

opportunities to meet the potential partners for cooperation considered as serious obstacles for 

companies especially for small and medium-sized enterprises (SMEs) (Kodama, 2008). 

 

This has increased the importance of strengthening and activating this relationship in the 

modern era to grow the role that could be played by the industrial organizations in the 
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progress and advancement of the society in the context of their social responsibilities. 

Increasing the numbers of organizations and their developments as well as the challenges they 

face as a result of many changes and developments in the economic and technological aspects 

and also the local and global competitions. Increase the need for these organizations to the 

modern and innovative working methods, qualified human cadres possess the skills, 

knowledge and diverse capabilities which enable them to achieve the objectives of the 

company and strengthen its position competitive in the market. This prompted many business 

organizations to engage and invest in the higher education sector or open centres and private 

institutes affiliated to the rehabilitation and training in order to get what fits their needs and 

requirements of specialized human cadres after they found these institutions that the outputs 

of many institutions of higher education does not reach the level of their aspirations and 

requirements for the current and future research, consulting and human resources (Hughes, 

2006). Thus, the interest of leaders in government, industry, and universities converged just 

enough for the establishment of a more attractive environment for university-industry 

partnerships (Turk-Bicakci, 2005). 

 

5.3.2 Goals and Directions for University & Industry 

There is no doubt that there is a kind of difference between the goals and directions for both 

universities and industries. As states by (Fassin, 1991) that the objectives of universities by 

his point of view is concentrated on the work in order to achieve the new discoveries and 

knowledge and also to develop the financial methods in order to finance their scientific 

research for the long term and the dissemination of these research and gain the benefits from 

its' results for the community. While the goals are concentrated in the industrial companies to 

create new applications in order to add value to their products and services provided to the 

customers. This sector focuses on the applied research for the short term. 

 

Due to the different goals and orientations between universities and industry, at first it is 

necessary to achieve the effective cooperation between them, to work together on achieving 

the convergence of goals and orientations of the universities and industries in order to serve 

the community and increasing its economic development. Also finding an appropriate 

mechanism to achieve a high degree of interaction in order to expand and closer cooperation 

between them. Since the Higher Education creates knowledge, knowledge means thinking 

(exploration, planning, and design) and develop the basic concepts to think beyond the current 

situation. While business organizations deal with the application commercial and industrial 

knowledge and the desire to make a profit. And this requires investments reasonable in 

applied research and develop them, to strengthen the relationship between the university and 

the industry.  

 

5.3.3 Aspects of the benefits from the Development and Strengthening of the 

Relationship between Universities and Industry 

The university considered as an important base of cultivating the talents (Huang et al., 2013), 

and these talents required by the industrial organizations. Therefore, it becomes very 

significant to strengthen the cooperation and partnership between universities and industry 

through a range of benefits, since one of the strongest indicators of whether a university has 

pursued economic development in earnest is its investment in an office of technology transfer 

(Turk-Bicakci, 2005). The benefits that achieved for both sides and the community as in the 

following manners:- 

 Aspects of the benefit of the universities (Turk-Bicakci, 2005; Hughes, 2006; D’Este 

& Patel, 2005).  

There are many advantages and gains that accrue to the university as a result of its 

cooperation with the industrial organizations, notably: 
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a) The development of new sources of funding for universities which enable them to 

activate the academic performance through the contribution of the industrial 

companies in the financing of scientific research. 

b) Conduct applied research and scientific training for university students in business 

organizations, which develop their skills applied and therefore increases the 

chance of joining the labour market after graduation. 

c) Enhance and improve the competitive position of the universities and keep pace 

with the modern developments in various fields.  

d) Supplement the research topics that derived from the practical reality-based. 

e) The development of the educational plans, rehabilitative and high education 

studies at universities.  

f) The development of the technical expertise at university with the industrial firms. 

It makes the technical expertise (academic) undergraduate getting in touch with the 

practical experiences in these organizations. This considered as a good way to 

communicate the reality of academic and scientific development, and the 

acquisition of the latest information. By integrating these experiences in order to 

give optimum results. 

 

 Aspects of the benefit to the industrial organizations (D’Este & Patel, 2005; Hughes, 

2006; Turk-Bicakci, 2005). 

a) Get the needs of specialized human cadres that graduated from university.  

b) Get the benefits from the results of applied research that carried out at universities 

which related to the productivity and applied it to the industrial organizations. 

c) Reduce the reliance on the imported foreign technologies which will reduce the 

costs and increase the economic returns for the companies.  

 

5.3.4 University-Industry Collaboration Modes 

The relationships are mainly between individual professors at universities and individual 

companies (Turk-Bicakci, 2005). The main process of knowledge transfer between them can 

be done by several and multiple channels such as personnel mobility, informal contacts, 

consulting relationships, joint research projects, and spin-off companies and that patenting 

play a comparatively small role in this process (D’Este & Patel, 2005). While the university–

industry linkages in urban or metropolitan areas require a particularly efficient technology-

transfer system to intermediate between many universities (or university researchers) and a 

large number of firms (Kodama, 2008). There are different means or forms of the relationship 

are varying between universities and industrial firms. Among the most important of these 

methods include: 

a) Consultations 

One of the most common forms of consulting relationships between universities and industrial 

organizations. This collaboration can be divided into two forms. The first one is formalize 

way (formal agreement) since the industrial companies can establish the contracts for 

consulting work with universities in the areas of specific research versus wages agreed 

between the counselling centres at universities with the industrial companies. The second 

form is the informal way such as (meetings and conferences) which can be based on the 

advice, since it can be individually among the researchers at universities and industrial 

companies (D’Este & Patel, 2005). 

 

b) Practical Applications 

The practical application and development of programs and courses; This includes the shape 

of the relations of several aspects including: (post private-sector organizations in the 

workshops or conferences in order to develop the programs and courses at universities, 

allowing the students to make their practical applications, scientific visits to the industrial 
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companies, establish of the joint sessions, education continuous, sessions short, medium and 

long term education sessions and exchange the experts and the staff as well as the training of 

the company employees (D’Este & Patel, 2005).  

c) Partnership Research And Research Centres 

Through this type of the relations between university and the business organizations making 

partnership contracts in the applied research projects and shared between the two parties. This 

aims to transfer the knowledge from departments and the campus laboratories of universities 

to practical applications in the business sector (D’Este & Patel, 2005). 

 

5.3.5 Factors Influencing the Researcher’s Interaction with Industry  

The effective factors can be classified into two groups as follow (D’Este & Patel, 2005): 

(I) First Group: This group related to the individual attributes of the university researcher. 

The probability of interaction can be effected by several factors such as a history of 

interactions, academic status, age as well as the research quality (D’Este & Patel, 2005).  

 

(II) Second group: The second group relates to the characteristics of the university 

department of the researcher. The related variables can reflect the organization structures 

which can either support or force the incentives with industry. One of these variables is the 

amount of the research revenue that stated in the formal agreement (contract) with 

industry. Since the contract can affect the probability of interaction positively. The second 

variable is total amount of the research revenue from the public sources (D’Este & Patel, 

2005) 

 

While (Perkmann & Walsh, 2009) stated that there are two factors that can effect negatively 

on the research productivity, the first factor is (secrecy problem). The academics might delay 

the publication, in order to secure commercial appropriation of research results. This delay 

will lead to create a tension between open science and proprietary knowledge, Patenting and 

publishing, therefore, may be substitutes rather than complements. The second factor is the 

(complementarity problem). This factor related to the lack of complementarity between 

industry-related activities and the open science. Since the complementarity refers to the 

connection between pairs of inputs in the sense of a relationship between the groups of 

activities. This can be a second obstacle for the academics for their publishing the research, 

because they considered the work with industry is neither novel nor sufficiently academically 

innovative to warrant publication in an academic journal. That is considered as waste of time 

and resources on activities that are not directly conducive to the results of the academic 

activities (Perkmann & Walsh, 2009). 

 

5.4 IPSE and Ecodesign 

 

5.4.1 PSS 

Looking at the PSS, traditionally, manufacturer produced to sell their physical product. With 

time, the need to include services in combination to the product produced was necessary, 

giving rise to the birth of PSS. PSS principles were promoted due to arising challenges such 

as the changing market environment. The major goal of PSS was to reduce consumption 

through alternative schemes of product use as well as to increase overall resource productivity 

and dematerialization (Aurich et al., 2010). In the literature study presented in chapter 3, PSS 

phenomenon is based on the combination of Product(s) and Service(s) put together to fulfil a 

customer need (Calminder & Carlshamre, 2008). Broadly PSS is considered as a ‘‘Product(s) 

and service(s) combined in a system to deliver required user functionality in a way that 

reduces the impact on the environment (Aurich et al., 2010). PSS therefore offers an 

opportunity to for economic success from material consumption point of view and at the same 
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time reduce environmental impact of economic activity. Mostly PSS is understood as an 

integrated product and service offering that delivers value in use (Aurich et al., 2010). From 

the traditional view, services were seen as an add-ons to the traditional product (Isaksson et 

al., 2009). Consumers have different services preference, and therefore services sectors have 

the tasks to combine these services to the physical so as to provide value in use. Many 

companies that originally were producing physical product, today depend mainly on the 

offered services. One important aspect of service opportunity is its ability to provide 

companies with a means to different their product from technical similar rival product and 

also a means to individualise their products concerning the different demand of consumer 

(Aurich et al., 2010). However in order to offer services in a competitive way, a systematic 

engineering similar to the physical product engineering is necessary (Aurich et al., 2010). As 

a solution, this lead to the development of service engineering methodology. Furthermore 

services can be categorised as physical services and nonphysical services. 

 

5.4.2 IPSE 

In search for a better business-differentiating strategies, companies had to create product 

value for their customers by offering integrated products and services. As a result, several 

business concepts emerged, such as Functional Sales, Product-Service Systems, and 

Functional Products (Lindahl et al., 2006). Services are integrated into customer offerings, 

and this aspect is considered already in the design phase of the product. Because of this, 

manufacturing companies, which have traditionally focused on their physical products, 

needed to change their working procedures in the development phase. For manufacturing 

firms, it is a question of finding fruitful combinations of traditional product offerings with 

services that are according to the customers desires (Lindahl et al., 2006). In this case, 

therefore, the term Integrated Product and Service Engineering (IPSE) will be used. The IPSE 

concept derives its birth from the term service engineering (SE) , which is a concept that can 

refer to either the design process of a pure service offer (i.e. without including physical goods) 

or the design process of a PSS offer (Calminder & Carlshamre, 2008). In order to clarify the 

concept, the IPSE researcher chose to add the words integrated and product. The purpose was 

to make clear that a physical product is involved in the engineering process and the resulting 

offer, while stressing that the design process of the product and service parts of the offer 

should be designed integrated in order to create a successful offer. (Calminder & Carlshamre, 

2008). 

Integrate products and service offering does not focus on a single perspective but are 

promoted from several perspectives such as economically, socially and environment. 

However, for a future development consideration, sustainability has become the key factor of 

development. In order to promote sustainability, IPSE promotes dematerialization and a 

change in consumer behaviour in the society. The aim with IPSE is, from a lifecycle 

perspective, to generate and optimize offerings with a combination of products and services 

that satisfies an identified customer need, and at the same time increase the competitiveness of 

suppliers (Lindahl, et al., 2007). Integrated offerings in manufacturing firm focuses not only 

in the production phase but also incorporates the use and the end-of-life treatment phases, 

enabling great potential for environmental improvements. This generates opportunities for 

affecting consumption patterns, as well as product and service design exploited in close 

collaboration between buyers (users) and suppliers in the complete supply chain. This is 

nothing but the concept of Ecodesgn. 

 

In the recent years, the service options were provided by the customers. Customers would 

consume a product, services or simply a combination of product and service. On the other 

hand, manufacturers provided IPSE and with a driving factors related to business motivating 

(such as, increased competitiveness, costs reduction, providing customers’ convenience and 

improving corporate identity) rather than environmental concerns. The need was avers 
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production technological that lead to increase need to reduce environmental impacts; need for 

sustainability (economic, environmental and social sustainability) and an increasing need to 

reduce the shortages of natural resources, therefore maintaining pressure on innovative 

strategies to track environment problems (Lingegård et al., 2012). Majority of manufacturing 

firms today have refocused their production by combining physical product and services. 

Therefore, to bridge the gap between IPSE and the need to reduce environmental challenges,  

 

From the academia, these include functional economy and IPSE (Lingegård et al., 2012). The 

aim of IPSE is, from a lifecycle perspective, to offer and optimise a solution with a 

combination of products and services that satisfies an identified customer need. Furthermore, 

the proposal of a “life cycle-oriented design” highlights an important step for the “product and 

technical service design processes” integration (Lingegård et al., 2012). IPSE have more 

control over life cycle than Ecodesign. 

 

5.4.3 Risk & Opportunities. 
Every implementation of a new technology, there are risks and opportunities. The knowledge 

of the risks gives the manufacturers the chance to improve on its implementation while the 

identification of the new technology gives them the chance to maximize their profit margin.  

According to (Lindahl et al., 2009), the way a product is designed has a greater potential to 

reduce the risk factors. Many manufacturers’ focuses their interest on the economic profit 

turnover, however, the end users usually would wish to know the economical valve as well as 

the cost and risk associated with a product. If the risks associated with a product are reduced 

then the manufacturers have the potential to increase their turn over margins. However this 

depends on how a product is design, which means that there is high need to identify these risk 

prior to the design of the products. On the other hand, IPSE has been found to have 

environmental, economic and social benefits, all of these factors are very relevant for 

sustainability. This means that IPSE does not focus on a single factor but incorporates a wide 

range of factors such as environmental, social and economic issues. Besides, one of the aim of 

IPSE is from a life cycle perspective, to generate and optimize offerings with a combination 

of products and services that satisfies an identified consumer need, and at the same time 

increases competitiveness of suppliers (Lindahl et al., 2007). With the implementation of 

IPSE, greater opportunities are seen in the environmental improvements. IPSE not only 

focuses on the production phases, but also in the use and end of life phases. For sustainability 

of resources to be realised, there paramount need to reduce for spare parts, material use, 

energy use and improve on the end of life handlings of waste. All these can be possible by 

promoting IPSE and ecodesign concurrently. 

In spite identify risk for improvement purposes and recognising the opportunities of IPSE and 

Ecodesign, the transition towards IPSE face several challenges, of which some are associated 

with high risk. A number of these challenges are presented in the result section of this report. 

These challenges, however, can be addressed. 

 

5.4.4 RQ-4: How can Ecodesign be used to make IPSE sustainable? 

In the recent years, there has been an increase need to satisfy the global demand for IPSE 

while limiting the waste and minimizing environmental impact, thus embracing the concept of 

ecodesign. Ecodesign is the means of minimizing environmental impacts throughout the 

product’s lifecycle. In order to provide eco-efficiency or sustainability in IPSE, manufacturers 

are faced with the pressure to develop design methods integrating products and services while 

taking into account ecodesign issues. Eco-efficiency in IPSE can be achieve by Integrating 

life cycle approach, Identify opportunities to reducing environmental impacts and Measuring 

environmental burden (Meier, 2013). IPSE embodying the ecodesign issues can be achieved 

by enabling full integration of environmental considerations at each stage of the design 

process. The fundamental of ecodesign concept is the Life cycle assessment that examines 
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inputs (e.g. materials, resources, energy) and outputs (e.g. emissions to air and water, waste) 

at every stage in a product’s lifecycle to then quantify its environmental impacts.  

The Different Eco-Design Strategies 

 The product focused approach aims to render existing goods and services more 

economical, more efficient and less harmful to the environment, as well as improving 

after-sales service, and end-of-life collection and processing.  

 The results focused approach pursues the same objectives from a different angle, for 

example by selling not the product itself but its use (rental). 

 The needs focused approach studies the needs and expectations that a product or 

service must fulfil, then looks for the best way to satisfy them using a product, or a 

service, or both. 

 

5.5 Justification of the Relevancy of the Common Questions 

Some of this questions represent the challenges these companies are facing. Companies 

working with IPSE, even though they produce different products, they more or less have the 

same challenges related to IPSE. Much of these challenges are related to the fact that there is 

need to change the mind set of the people in or outside the companies as well as that of the 

customers. A good solution is needed to facilitate this fact. 

 

When integrating products and services into combined offerings, the identification and 

handling of requirements becomes more complicated and require more holistic view also 

incorporating the use phase, since the service is produced and used during the use phase 

(Lindahl et al., 2007). In certain situation the end of treatment needs to be taken into account. 

In such case, therefore, it necessities that the products life cycle should be looked at critical to 

find appropriate questions and their answers. Furthermore, in order to implement changes in 

relation to cost effectiveness and efficiency, there is need to focus on the design processes for 

IPSE focuses on the design process (Lindahl et al., 2007). 

 

Regarding the questions related to ecodesign and environmental considerations, financial 

aspects, product improvement as well as the commercial aspects, etc. All these aspects need to 

analyse the product life cycle in order to gain the sustainability through the phases of the 

entire life cycle of the products and gain the environmental sustainability, economic 

sustainability and social sustainability. Because for several decades ago, the sustainability and 

the life cycle concept have become a main solution for various problems such as a growing 

world population and a change in the industrial culture to come: ‘This new industrial culture 

is primarily driven by rapidly increasing problems concerning environmental damages, huge 

amounts of waste, occupational health damages and increasing use of non-renewable 

resources’ (Grote et al., 2007). Globally the environmental issues have been increased 

(Wimmer & Züst 2003), and it have become a major issue that threats the human live, all the 

living organisms and plants, and this problem has emerged as a result of technological 

progress, industrial and cultural heritage of the human person and includes both 

environmental pollution for the land, sea and air. However, the environmental sustainability is 

significant because it can play a vital role for the future development (Lindahl et al., 2006), 

and the designers and design teams are also some of the prominent actors playing a central 

role in the integration of the environment in industry (Vallet, et al., 2013). 

 

As a result of those developments legislative pressure is forcing companies to re-evaluate the 

environmental performance of their products (Grote et al., 2007). However, in order to move 

towards integrating environmental issues in the product design, there are several firms and 

companies have the desire to become more environmentally responsible (Bras, 1997), and 
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also the Corporate Social Responsibility (CSR) requires that corporate activities be made 

more environmentally friendly (Kobayashi, 2006) 

 

Analytical tools can ‘analyse’ or evaluate the environmental impacts of a product through its 

entire life cycle (Casamayor & Su, 2013). The most decisive opportunity to influence the 

environmental performance of a new technology exists at the early stage of the innovation 

processes (Köhler, 2013), such as the planning and conceptual design phases which are 

greatly affect the eco-effectiveness of a product (Kobayashi, 2006), because the ecodesign 

considers as a design approach which aims to minimize the environmental degradation of the 

products and services throughout the entire life cycle of the products (Vallet, et al., 2013). 

 

The world is moving towards environmental sustainability, since the sustainability is about 

fulfilling the customers' demands as well as to minimize the material used and emissions 

(Tukker, 2004), and the idea of eco design is also aims to meet the consumer’s requirements, 

but in a more sustainable way because it is assuring similar or improved services to the 

customers (Vallet, et al., 2013) on the one hand. Since the PSS considered as an important 

keystone for achieving next stage sustainability in the future on the second hand (Shih, et al., 

2009, because identifying the customer needs and requirements during the early stages of the 

new product design or developing existing products were considered as a good factor for 

successful and marketable products (Wimmer et al., 2002) 

 

It is crucial that the environmental aspects are taken into account in the early design phases 

(Kobayashi, 2006). Therefore the ecological or ecodesign became a key solution since the 

ecodesign has two core activities are emphasized within the conceptual and detailed design 

phases: environmental improvement and environmental assessment (Vallet et al., 2013). 

Environmental improvement is focused on the search for environmentally friendly solutions 

which aims to decrease a product’s environmental impact without creating a negative trade-

off with other design criteria, such as costs and functionality (Grote et al., 2007), whilst the 

environmental assessment is aiming to evaluate the environmental problems of an existing 

product or service, since the environmental assessment can provide two types of useful 

information through the whole life cycle of the product; Firstly, which phases have the highest 

environmental impacts; and secondly awareness that no pollution transfer occurred during the 

environmental improvement phases (Vallet, et al., 2013). 

 

Luttropp and Lagerstedt in (Köhler, 2013) have emphasized that, at the conceptual stage, the 

designers hold the key for sustainable product development. Industrial designers and 

engineers have substantial influence on the life-cycle-wide environmental performance of the 

products they conceptualize (Köhler, 2013). Therefore, to design eco-products, it is crucial to 

take the environmental aspects into account in the early phases of the products' design  

(Kobayashi, 2006), because the assessment of environmental impacts considers as a key step 

of the ecodesign process which may not be disassociated from the functional requirements of 

the products (Vallet, et al., 2013). Although the Life Cycle Assessment (LCA) is an essential 

evaluation method for ecodesign based on the life cycle approach, in (LCA) the 

environmental burden is not evaluated until the detail design phase (Kobayashi, 2006). 

 

Grote states that, currently there is a lack of ecodesign methods that can help a design 

engineer grapple with the trade-off dilemma when faced with tightening legislation and 

designing more complex energy using products (Grote et al., 2007). While Kobayashi argues 

that environmentally conscious design (Design for Environment) is particularly important in 

the manufacturing industry, and there are many design methods and tools have been 

developed to support and implement the ecodesign (Kobayashi, 2006). Even though a large 

number of methods and tools have been created in academia and industry in the past few 
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years, evidence of actual use of existing tools is scarce. There seems to be a real need for 

stringent analysis to highlight how design activities are supported by ecodesign tools (Vallet 

et al., 2013). 

 

However, the environmental quality of products remains closely linked with the notion of 

service to the customer. Therefore, the functional fulfilment of an eco-product should not be 

neglected on account of reducing environmental impacts  (Vallet et al., 2013), but it also 

plays an essential role for transforming product re-design to functional design and system 

design with higher eco-efficiency (Shih, et al., 2009). 

 

5.6 Ethics of this thesis 

In recent years, the fast growing in technical development of the industry, economy and social 

activities are accompanied with the incremental of the environmental pollution. Since, 

changing the life styles and the entry of the industry and technical equipments in all the life 

stages (represented by equipment and customer goods). Moreover, the incremental of the 

environmental challenges that are continuously generated by product life cycle (i.e. cradle-to-

grave) from raw material extraction & processing, product manufacturing, use phase as well 

as the end of life of the products. In search for profitable strategies directed towards higher 

and healthy competition, manufacturers produces products that offers complex system 

solution so as to satisfy consumers as well as giving out a minimal environmental pollution. 

The producers are increasingly playing significant roles in undertaking sustainable issues and 

many researchers believe that sustainability is one potential property of IPSE. Ecodesign is 

also considered as a discipline that can strengthen the knowledge, skills and attitude of 

engineering students to deal with the growing complexity of sustainable development. In 

order to meet these targets, adopters of IPSE methods tend to ask some common questions 

that can achieve, support and improve the sustainable development. Sustainability is about 

satisfying human need with minimal resources and emissions, and the integration of 

Sustainable Development (SD) in the higher education is receiving more attention. Therefore, 

in this master thesis report the common questions about (IPSE), Ecodesign, and Engineering 

Education were developed that are able to help for fulfilling the economical, environmental & 

social sustainability.  

 

There are several research studies that have been reached and stated out the environmental, 

economic and social benefits of PSS. Therefore, through the review of the scientific journal 

articles, conference papers and books for the related topics of the PSS, IPSE, Ecodesign & 

Engineering Education concepts, there are significant issues necessary to be taken into 

considerations during the design phase of the products, such as selection of raw material, 

amount of the materials that required in product manufacture, easy disassemble of product, 

reused, re-manufacturing, refurbishing, recycling of the materials, waste reduction, less raw 

materials input, less energy consumptions during the use phase of the product, less energy 

consumption during the manufacturing of the products, easy for maintenance and repair of the 

product, all these significant issues need to be take into consideration during the design phase 

of the product, because these important issues play a vital role to avoid or decrease the 

environmental problems, and improve the economy and general health. 

 

5.7  Conclusion  
The research question was used to aid in the generation of the common questions. However, 

the creation of the common question was guided by four factors namely economic, social and 

environmental sustainability. The fourth factor was engineering education, which was the 
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needed to link the academia to the industries and vice versa. Listed below are the summary of 

the common questions about IPSE, Ecodesign and Engineering Education. 

 

 Why are manufacturing industries interested in Integrated and Service Engineering 

IPSE? 

 What are the consequences if producers take full responsibility of results provided? 

 Which perspective should be considered in providing successful IPSO? 

 How do provider carryout IPSE relationship with stakeholder? 

 What is the total costs for providing IPSO composed of? 

 How could the environmental aspects be balanced with the commercial aspects? 

 What is the relation between Ecodesign and design for recycling? 

 Describe crucial issues at each step of Ecodesign: Planning, implementing, checking 

and corrective actions? 

 How can the current engineering education be improved to support sustainable 

development? 

 What are the requirements to improve the reformation of engineering education? 

 How can educational initiatives for sustainable development be incorporate different 

level of society? 
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Chapter 6:  Recommendations for Further Studies 

 

This chapter represent a short recommendation in which this thesis can further be performed. 

Areas of further studies have also be identified. 

 

Industrial Product Service Systems is for many companies a new business approach. Eco 

design, Quality Engineering, Service Design, Economic Management, Production 

Engineering, etc. all these concepts related to IPSE need to developed.   

 

From the report it is clear that IPSE is more effective than eco design because eco design 

leaves out control after the design phase while IPSE is replacing other engineering activities 

such as production, maintenance and end of life. It implies that IPSE take into considerations 

the entire life cycle phases of the products. The idea is to obtain the lowest total cost for the 

offering possible, not only to obtain the lowest cost for product. 

 

The research studies related IPSE need to be increased specially using both quantitative and 

qualitative approaches in order to obtain clear results and figures that show more advantages, 

challenges and drivers of IPSE. The project can play a vital role to transfer the knowledge. 

These projects have to be done directly between the university and industrial companies in 

order to transfer the academic knowledge and spread the Industrial Product Service Systems 

among the companies. 

 

The companies can learn from each other as well as obtain the knowledge from research 

projects and the researchers as well. The aim of the doing the research project directly in order 

to enable the researchers to have a better understanding of the companies (problem situation) 

and can face the reality. This can be as a good base for further research projects that is 

required in the product service system industries. 

 

We would also say that the university should take the active role through knocking the gates 

of all the top companies by making seminars, formal and informal meetings in order to 

explaining and clarify the of scientific concepts for the product development and using the 

incentives by increase the profit of the firms and minimize the environmental problems and 

other negative environmental degradation and social benefits as well. This will help and 

support to transfer the scientific concepts from the university to the industrial factories rapidly 

and it will be the continuous link between them. 

 

Based on the results of research and in order to strengthen and activate the relationship 

between universities and industrial organizations, and to achieve the aspects of the benefits of 

this relationship for both sides (Academia and Industry) the researchers of the thesis suggest 

several recommendations as follow: 

a) The need to be aware of those in charge persons of the higher education sector, leaders 

and specialists at universities and industrial sector organizations about the importance 

and the benefits of building and strengthening the relationship of an effective 

partnership between them and their impacts on the performance and outputs of both 

sides, and each party should perform its role effectively in the activation of this 

relationship. 

b) Universities need to be more active in the development of its relationship with the 

industrial organizations through: 

 Effective marketing programs and services for universities widely and using 

multiple devices. 
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   The university study and identify the requirements, the needs and desires of the 

labour market with the outcomes of university. 

 Design universities' visions, objectives, strategies and its academic programs 

according to the needs and requirements of the labour market. 

 Interest in the practical applications and the link between the theoretical and 

practical applications of the university students in all aspects that you need 

specialized business organizations. 

c) Active involvement and not formal representatives of the (industrial and business 

organizations) in the councils of the university and college boards of scientific 

departments at universities. 

 

Knowing the common questions asked by the users of IPSE concepts is very vital and can be 

used research in the IPSE industry. In this research work the collection of common questions 

which was the key of this task and was based on secondary data collected from the literature 

database. This research can once again be conducted by using primary data collect in learning 

network settings. Having a learning network approach is a good way of tracking down 

common questions raised within the IPSE providing companies. Companies can learn from 

the researchers in the academia while researchers, on the other hand, will get a good 

understanding of the reality that the company face.  
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