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Abstract 

This paper explores the perception of a group of Colombian Small and Medium Enterprises 

(SMEs) towards sustainable Product Service Systems (PSS) development. There is currently 

much interest in the area of PSS however, studies of sustainable PSS involving SMEs are 

lacking. The purpose of this research was to identify those organizational aspects that can 

contribute to develop sustainable PSS in SMEs. Four main areas were explored: sustainable 

awareness, use of Information and Communication Technologies (ICTs), design process and 

business strategy. This study was carried out in cooperation with the Colombian Ministry of 

ICT and highlights their desire to find new routes to encourage transformation of companies 

towards competitive and sustainable industrial sectors. A significant finding is that the 

integration between Design Process and ICTs appears to be a key mechanism in developing 

sustainable PSS in SMEs. Finally, further work in this field of research is discussed and 

highlighted. 

 

Managerial Relevance Statement 

This paper aims to help managers to explore new production systems better aligned with sust



 2

ainable principles. One potential concept in this area is Product Service Systems (PSS), whic

h has shown great potential to be a sustainable business model but has not achieved the mome

ntum needed in its development, particularly in small and medium enterprises (SMEs). This p

aper explores SMEs perceptions of sustainable PSS. First insights about aspects to consider in 

an organizational transformation towards sustainable PSS are established. 

1. INTRODUCTION 

The development of sustainable businesses requires firms to consider environmental and 

social welfare in the same way that they consider economic prosperity. This way of working 

requires different products and services to traditional ones and different ways to produce 

them [1], [2]. In this sense rapid and radical organizational change is required to develop 

these sustainable models [1], [3]. Despite the advances in fields such as cleaner production, 

ecodesign and environmental management there are other concepts that can contribute to this 

development of sustainable businesses. Product Service Systems (PSS) is one of these 

concepts that can produce the radical change needed [4]. However not all types of PSS have 

the potential to bring sustainable results into a business. In this paper a particular type of 

sustainable PSS are considered, defined not only in terms of the value created by the 

integration of products and services, but also by its potential to be a sustainable system. This 

is a system that contributes to improve the environmental and social performance of the 

business conserving and enhancing its economic profitability [5].  

The paper recognizes another trends related mainly to industrial PSS where the potential to be 

a sustainable system is not necessarily part of the incentive to develop a PSS, however these 

are not the type of PSS considered here. These industrial PSS are mainly business-to-business 

systems that operate on a medium to large scale, whilst sustainable PSS considered here are 

generally businesses to customer systems that operate on small and medium scale. In this 

paper the terms PSS and sustainable PSS are used to refer in general to these particular PSS 
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with the motivation and potential of been sustainable systems. In these sense PSS are 

considered as integrated solutions where products and services are mixed together to satisfy 

the customer need, often in very innovative ways that demand deep transformation in the 

organization including the ownership of the offer and with a clear potential to be sustainable 

systems [6]. However there are few examples of these systems to study in practice and even 

less related to small and medium enterprises (SMEs).  According to Creusen [7] one of the 

difficulties in developing PSS is achieving products and services consistent with each other 

and consistent with the aim of the PSS, "Ways to ensure that product values and meanings are 

aligned within a PSS is an issue for further research: how can the product support the value 

of the service, and how can the abstract values of the service be expressed in the design of the 

product?". In this sense Tukker [4] Mont [8] and Ness [9] have mentioned how the 

development of PSS is related to the design and redesign of products and services with 

different purposes to traditional ones, purposes such as use and reuse, recycling, 

remanufacture, leasing and sharing. These purposes are in general the basis of a PSS and 

products and services have to be designed to fulfil that purpose, but more research in this area 

is needed as is outlined by Creusen [7] above. 

Previous work has suggested that Information and Communication Technologies (ICTs) can 

contribute to developing PSS [3], [4], [6], [8], [10]. PSS in conjunction with ICTs present 

great opportunities for virtualization and dematerialization of offers [11].  However, ICTs can 

contribute to developing sustainable PSS in more ways than purely virtualization, [11–15]. 

The literature has identified important areas of opportunity related to designing smart green 

products, encouraging green purchasing and facilitating the exchange of information about 

environmental and social behaviour of firms based on the use of ICTs that can contribute to 

develop PSS [13], [14], [16]. Some of these opportunities are related to changing the 

attributes of the product and this implies changes in the design process. In this sense ICTs 
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should be seen not only for their contribution as a means to deliver services in a PSS but also 

as a mechanism to transform the design process to enable the PSS [17]. However little is 

known about the possible changes that the use of ICTs can produce in the design process and 

in the resulting products in terms of the possible contribution to develop sustainable PSS. 

Addressing these issues an exploratory study with a group of thirty-eight Colombian SMEs is 

presented. The objectives of this research were to: 

- Identify the perception of these SMEs about the concept of PSS and their disposition to 

develop this kind of systems in their organizations. 

- Determine if sustainability is a priority for these SMEs and identify previous approaches 

to the topic. 

- Explore what the main motivations are in these SMEs to use ICTs, what technologies 

they are using and the impact of these motivations and technologies on the development 

of PSS. 

- Make an initial exploration of the relationships between PSS, sustainability, ICTs and the 

design process in these SMEs. 

Achieving these objectives provides a first diagnostic of the situation that could help to 

support SMEs to develop sustainable PSS. In the following section the theoretical 

background is presented followed by the methodology used to select the firms and collect the 

data, the findings from the survey of Colombian SMEs and finally a discussion is provided to 

help orient future research in this field. The scope of the research covers only the exploration 

of the topics. However in the final discussion in section 5 potential relationships between 

these topics that can contribute to develop sustainable PSS in SMEs are introduced as a 

reference model.   

2. CONCEPTUAL BACKGROUND 

2.1. Sustainability in SMEs 
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The adoption of the concept of sustainability by industry is becoming increasingly essential. 

Isolated actions especially around environmental concerns have been evolving to strategic 

and complex programs involving companies, governments and the public [18].  Initiatives, 

theoretical models and exploratory studies have been used to determine the main drivers and 

barriers of this inclusion mainly focusing on large enterprises [19], [20]. These preliminary 

studies have shown the difficulties of developing sustainable businesses and some of the 

requirements such as the change of technologies, the strategic compromise of top 

management, large investment and competences such as flexibility, creativity, and strategic 

thinking required to innovate and communicate effectively with consumers and other 

stakeholders. According to Hofman and De Bruijn [2] sustainable development requires 

radical innovation transforming organizations, products and processes. This radical 

innovation illustrates that not only individual efforts but also collaborative schemes with 

shared visions of sustainable systems are needed [2]. In terms of organisations, this radical 

innovation means not only transforming how they work but especially how they perceive 

themselves. This transformation is challenging for large companies, but in the case of SMEs 

it could be even more difficult to achieve because of some common barriers such as lack of 

knowledge and training, lack of awareness and limited financial resources [21]. 

Ciliberti et al. [22] report particular threats for SMEs in developing economies as the lack of 

mentorship and skills transfer, communication gaps, lack of support networks, poor 

infrastructure, low savings rate and difficulty in accessing financial capital. This set of 

barriers to change are enlarged in terms of the development of sustainable businesses by the 

lack of awareness of issues such as environmental legislation and social impacts derived from 

industry, and the perception that SMEs have small impacts compared with larger enterprises 

[21], [22]. Moreover, according to Sarkis et al. [23] it is unlikely that a single organization 

can carry out this transformation on an individual basis. Sustainable systems require the 
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interrelation of multiple actors such as governments, academia, consultancies and research 

centres, suppliers, distributors, sellers and producers [18], [23]. In this sense part of the 

challenge is supporting the inclusion of SMEs into these systems. There are many reasons 

why this support has to be given. SMEs are important in the world economy and their 

combined impacts are very significant [21]. SMEs represent at least 80% of all global 

enterprises [24] and in UK they are almost 99% of the total number of enterprises [25]. In 

Colombia these figures are even larger with 99.86% of companies being SMEs and of them 

96.4% are Micro-enterprises with less than 10 employees [26]. SMEs are also considered as 

very flexible firms because of their size and lack of rigid structures, characteristics that make 

it possible to respond quickly to market pressures and to adapt to new business conditions. 

These last features are key points to enable radical innovations and develop models such as 

PSS, but they are not sufficient, SMEs require support from external actors and simple 

mechanisms to produce these changes [23], [26]. Sarkis et al. [23] outline the actors that can 

be part of these systems as academia, policy makers, non-governmental organizations and 

public. In the case of PSS it is not yet clear how these actors can work together, how the 

support should be given, and what mechanisms should be used to develop the concept in 

SMEs. However PSS as a concept has shown great potential to develop sustainable business. 

Finally, the development of sustainable business in SMEs in developing economies has to be 

framed by the dichotomy between growing to reach better standards of living, that imply 

increasing consumption of resources and productions of goods against achieving that growth 

with innovative ways demanding fewer resources [27]. PSS could satisfy that necessity of 

innovative and less resource intensive business solutions. 

2.2. Product Service Systems 

PSS are considered as integrated solutions where products and services are mixed together to 

satisfy the customer needs, often in very innovative ways that demand deep transformation in 
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the organization including the ownership of the offer and with a clear potential to be 

sustainable systems [6]. In this way PSS can contribute to achieving sustainable business 

supported by moving the focus from producing and selling physical products to designing 

and selling systems of services and products that together can satisfy the user needs with less 

or more efficient use of resources and usually longer life cycles [6]. These integrated 

solutions could present benefits for the three dimensions of the bottom line [8] which are 

environment, society and economy. When considering society they can create awareness 

about the relationship between the stakeholders, build collaborative networks, make markets 

more diverse benefiting consumers and can be more human capital intensive presenting 

opportunities to increase employment. Also PSS can enable poor people to access services 

through communal and rental systems [9]. In environmental terms they contribute to 

decoupling economies, dematerialisation, decreasing consumption rates by alternative 

scenarios of product use, and finally more efficient use of materials and renewable resources. 

In economic terms new markets opportunities, higher market value, competitiveness, stronger 

innovation orientation, higher operating efficiencies and cost savings are some of the benefits 

mentioned [28]. 

Despite these benefits PSS are still at an early stage of research [9] and there are few 

successful examples of these kinds of systems with a sustainable focus developed by small 

firms. Van Halen et al. [29] mention cases such as Xerox Document Services (Documents 

Processing), NorLux - LED Light Services (Lighting), Call a bike (Urban Mobility), 

Liftshare (Urban Mobility), Odin (Fruits and Vegetables Subscription Service), and EcoLab 

(Cleaning Sanitation). Despite the importance of these examples they do not suggest a 

massive adoption of the concept of PSS; there are more projects from innovative firms or 

communal services. Another case presented by Ness [9] is HP solutions, a technology based 

business oriented to lease ICT hardware and software to other businesses on a monthly basis 
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contract. This example is mainly supported by end-of-life strategies to collect, remanufacture 

and reuse their products [9]. Despite that this example shows some changes in the product 

design mainly focused on IT capabilities to provide services, it is developed by a large 

company and the model presented to develop PSS lacks enough detail to enable future 

replications. Finally, Van Halen et al. [29] present a complete methodology to develop PSS 

that claims to be applicable to different kinds of firms however the methodology requires 

well structured organizations able to build, for example, a dedicated team to develop the PSS 

or to have the resources to work with an external expert team. These requirements and the 

way the methodology is organized by phases, steps and processes is far too complex for 

SMEs with the characteristics and limitations identified in the SMEs considered during this 

study. Additionally, this methodology is not focused on the development of PSS based on the 

use of ICTs and the implications of these technologies for the design process and the resulting 

products.                    

Consequently, there is not widespread use or adoption of the PSS concept, and even less for 

sustainable PSS. There is also a lack of direction on how to develop these systems in SMEs 

and in developing economies specifically. It implies a lack of methodologies to decide if a 

sustainable PSS as a business model is suitable for a particular SME in a particular industry 

and later lack of guidance on to develop the systems taking into account the strengths and 

weaknesses of these kinds of firms. Despite the implications of a PSS for the design process, 

there is also a lack of formal methods to orient product design towards the development of 

sustainable PSS in SMEs. In the following sections some characteristics of product design 

that makes this process of particular importance for the development of sustainable PSS will 

be presented and later the potential contribution from ICTs to this development. 

2.3. Product design: a key factor for PSS  

Different authors have described the importance of the design process and its influence on the 
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product life cycle and on the firm’s performance.  March-Chorda et al. [30] and Mascle and 

Zhao [31] present evidence that shows how a successful product design and development 

process in terms of time and innovation has a positive effect on the firm’s competitiveness.  

Walsh et al. [32] present good product design as one of three ways to increase industrial 

competitiveness at the same level of product and process innovation. More arguments that 

support the positive relationship between design orientation and competitiveness, innovation 

and industrial performance especially in SMEs are presented by Moultrie et al. [33]. Finally, 

according to Mascle and Zhao [31] up to 80% of development, manufacturing and use costs 

associated with the product are originated in the design process. Esslinger [1] mentions in 

that sense the great opportunity that designers have to affect positively the resulting product 

in terms of sustainable performance. 

However design practices are usually undervalued or even not considered on their own in 

SMEs [33]. This marginalization of design practices in SMEs can affect the development of 

PSS. First, because the idea to develop a PSS relies on innovative design and redesign of 

products and services demanding that companies are highly design oriented, and second 

because the lack of understanding of the design process makes it difficult to identify the 

possible contributions of product design to the development of sustainable PSS. The 

approach explored in this research looks to analyze the design process in SMEs considering 

ICTs as a transforming agent to produce changes into the design process and the resulting 

products that can contribute to develop sustainable PSS. Buyukozkan et al. [34] mention how 

ICTs transform the design process making it more oriented to information management than 

products. This idea is fundamental to connecting the use of ICTs with the development of 

sustainable PSS through the design process. Moreover Davenport and James [17] in an early 

work about the impacts of ICTs in organizational redesign processes highlighted how ICTs 

are a transforming force that directly impact on how a firm designs and develops their 
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products. However, little has been done to understand the specific changes that ICTs can 

produce in the design process and in the resulting products of SMEs in the context of 

sustainable PSS development. 

2.4. Information and Communication Technologies  

The adoption and use of ICTs in industry presents opportunities to contribute to sustainable 

development. These opportunities include development of smart green products, servicing, 

and development of more efficient communication processes between stakeholders, 

virtualization, and dematerialization of offers, green purchasing and general industrial 

efficiencies [12], [13]. Regarding the contribution from ICTs to the development of PSS, 

previous work [3], [4], [6], [8], [11], [35] mention ICTs as mean to achieving practical 

examples and to establishing concrete measures and performance indicators but without 

clarifying the route to achieving these contributions. Also, Ness [9] presents a particular 

relationship between the use of ICTs and the development of sustainable PSS but focused 

only on virtualization and e-commerce platforms. Finally, dematerialization of offers through 

virtualization using ICTs in sustainable PSS is also mentioned by UNEP [36] presenting as 

examples online payment platforms, online services such as banking and digital music 

exchange, but even this does not explain how the connection between ICTs and the 

development of sustainable PSS could be developed and exploited. 

It is now widely recognized that the use of technologies and development of e-business is im

portant [37], and these technologies are changing current business models and consumption b

ehaviours [38]. Also it mentioned is the necessity for almost every organization, despite their 

size and market, to consider the development of e-business units responding to the challenges 

and opportunities posed by new technologies [37]. 

Despite these facts, literature confirms the lack of evidence about the possible contribution of 

ICTs to the development of sustainable PSS. The examples found in the literature suggest a 
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similar point of view mainly focused on virtualization and online services including e-

commerce, but as discrete elements in the business models and not as a transforming agent in 

the organizations. ICT could have a much greater influence in the development of sustainable 

PSS for example through the changes that new technologies can produce in the design 

process [5]. This potential contribution is behind the objectives proposed in this research. For 

these reasons in the next section the gap in knowledge is presented that justifies the 

exploration of PSS, sustainability, ICT and design in relation to the development of 

sustainable PSS in SMEs. 

2.5. Gap in knowledge 

When considering developing sustainable PSS that take advantage of the changes that ICT 

can bring about in the design process and in the resulting products it is necessary to first 

understand how SMEs view the idea of developing PSS and what the relationships are 

between these elements in this context.     

Previous studies have dealt with the relationships between some of the elements considered 

in this research or with one of the elements in the context of SMEs but there are no previous 

studies that considerer the integration of the three elements: ICTs, sustainable business 

development and the design process in SMEs in the context of sustainable PSS development. 

For example Moultrie et al. [33] present a detailed review of the importance of the design 

process in SMEs including an audit tool to assess design practices in these firms.  Borja de 

Mozota [39] developed a design management model for European SMEs analyzing data 

collected from 33 SMEs during the European Design Prize 1997 using personal surveys. 

Related also to design in SMEs there is previous work on innovation and design thinking in 

SMEs [40], [41]. In terms of ICTs in SMEs Chapman et al. [42] dealt with building Internet 

capabilities in SMEs through a programme of assistance covering business analysis, IT and 

funding. The programme was assessed after the business analysis using a telephone survey.  
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Taylor and Murphy [43] analyze the adoption of e-business practices in European SME and 

Monge-Gonzalez et al. [44] present a study of the impact of ICT on Central American SMEs’ 

performance. Considering sustainable strategies in SMEs Moore and Manring [24] present an 

analysis of the potential benefits for SMEs of becoming more sustainable particularly related 

to the relationships with other stakeholders. Finally Cook et al. [45] build a framework to 

transfer the concept of PSS into UK manufacturing companies using semi-structured 

interviews and focus groups to identify the influent factors in the adoption of the PSS 

concept.  

To fill this gap, the research presented in this paper is an exploratory study to make an initial 

diagnostic about the perception of SMEs of the concept of PSS. The results of this 

exploration are also the basis of a future reference model intended to lead the development of 

PSS in SMEs. A first version of this model is presented in the discussion as part of the future 

research in the field.  

3. METHODOLOGY AND COLLECTION OF DATA 

The methodology followed was exploratory qualitative research using a survey with 38 

Colombian SMEs coming from different industries and backgrounds. This section outlines 

the data collection methods and the main features of the SMEs involved in the survey. 

3.1. Collection of Data 

Following the literature on qualitative methods in organizational research an exploratory 

qualitative approach was undertaken [46–48]. An online self-administered survey was used as 

the research method to develop the study [49]. This survey was developed from the literature 

and refined through a pilot study with a small group of SMEs before it was sent to the main 

group. The collection of data was carried out in cooperation with the Colombian Ministry of 

ICTs. This Ministry has been developing a programme of assistance to encourage the 
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adoption and use of ICTs in SMEs over the last three years. The programme called 

"MiPYME Digital" jointly finances, with ICT’s suppliers, projects to implement ICTs in 

SMEs from diverse industrial sectors. This cooperation with the Colombian Government was 

possible to a great extent because of the economic, social and political situation that 

Colombian is in. According to Economist Intelligent Unit [50] Colombian is one of the 

CIVETS countries. This classification means that during the next few years a great 

transformation of the Colombian economy is expected, attracting foreign investment and 

developing the conditions to become a developed economy mainly supported by a stable 

political situation, young population and a dynamic economy. In order to orient that 

productive transformation towards sustainability policies have been developed recently. 

Within these policies are, for example, Law 216/2003 that “assigns the Ministry of the 

Environment, Housing and Territorial Development the function to adopt sustainable criteria 

in the management of the productive and institutional sectors, incorporating environmental 

management systems, technological reconversion and change of consumption habits between 

others to improve environment quality, make a rational use of the natural resources, protect 

the environment and improve the quality of life of the Colombian Society” and “CONPES 

3484: The National Policy for the productive transformation and promotion of Micro, Small 

and Medium enterprises, an public-private effort” [51], [52]. In this sense it is in the 

Colombian Government interest to establish a mechanism of cooperation to achieve that 

productive transformation following sustainable principles. One of the objectives of the 

cooperation with the Colombian Ministry of ICTs to develop this research is to identify new 

paths to reorient “MiPYME Digital” project in the future.  

In this context the survey was sent with a presentation of the research describing objectives 

and scope by email to 1600 SMEs involved in the first version of “MiPYME Digital 2008”. 

From the 1600 emails 300 failed to be delivered leaving 1300 usable emails. From them and 
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after three months of follow-up 38 successfully completed questionnaires were returned. The 

initial response rate calculated directly from the 1300 emails is near 3%, a very low rate even 

for an Internet survey [46]. However it was not possible to determine how many of the 1300 

emails were in use. The majority of these email accounts were created during “MiPYME 

Digital” project in 2008 and there were no reviews to check that the SMEs were still using 

these accounts. For this reason the response rate does not give precise information about the 

attitude of the SMEs to this study but in general it leaves a question open about the means 

that should be used to involve this kind of firms in future stages of the research.   

In the survey the SMEs were questioned about business strategy, use of ICTs, their design 

process and their perception of sustainability. Figure 1 shows a summary of the type of firms 

included in the study according to the International Standard Industrial Classification of all 

Economic Activities (United Nations).  

 

Figure 1: Type of companies considered and main industry focus 

 

In terms of number of employees there were firms with just one employee to the largest with 



 15

ninety-two. The group of companies participating were located in different areas of the 

country with one large group in Bogotá, the capital city of the country. 

3.2. Main features of the SMEs involved in the study 

The term "MiPYME" in Colombia makes reference to Micro, Small and Medium Enterprises 

and covers the general definition of SMEs [53]. In this sense Colombia is considered a SME 

country. According to the census done by DANE [54] in Colombia 99.86% of the total 

number of companies are SMEs. These SMEs are responsible for 80.8% of the total 

employment of the country and contribute 37% to the national GDP (Gross Domestic 

Product), [54]. From the total number of SMEs 96.4% are micro enterprises with one to ten 

employees. 

Because of the importance of these kinds of firms for the Colombian Economy different 

studies have tried to identify the characteristics in them that create difficulties and barriers to 

their development [51]. The characteristics that have been identified are: high levels of 

informality, low levels of networking, in general they don't diversify, they have low 

technological levels and low human capital training, limited access to the financial sector, 

management of SMEs are too cautious to invest, SMEs don't have the competences to 

innovate and they have a very low use of ICTs. Between these features the low rate of ICT 

adoption has been a topic of discussion in the country, and one area chosen to develop 

programmes of assistance such as “MiPYME Digital”. The figures about adoption and use of 

ICTs in SMEs say that less that 20% of Micro enterprises in Colombia use computers, the 

Internet and have a website [55]. For small firms the use of computers and the Internet 

increases but the presence on the web is still under 30% [55]. For this reason and taking into 

account the hypothesis proposed, working with firms previously involved in “MiPYME 

Digital” project was of great value for the research. This kind of cooperation is aligned to the 

idea exposed by De Bruijn and Tukker [18] with governments and industry working together 
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beyond legislation.  

4. MAIN FINDINGS 

4.1.  Perception of sustainable PSS in the SMEs 

A general definition of PSS similar to the one presented in section 2.1 with a short example, 

both taken from Manzini and Vezzoli [6], were given to the SMEs. With this preamble the 

firms were asked if they believe they had a PSS and the results showed that just few firms 

believed they offered a PSS, (Figure 2). However, they had a positive perception about the 

possibility of offering one. More than 60% of the SME involved thought that they could offer 

a PSS in their current conditions. It is interesting that any firm that affirmed to be able to 

develop a PSS recognizes the barriers identified in the literature to design and implement a 

PSS. When the firms were asked if they thought offering a PSS could bring advantages to 

their firms, 33 SMEs agreed, just one disagreed and four were unsure, (Figure 3). 

 

Figure 2: Current offer of PSS in the SMEs 
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Figure 3: SME perceptions of PSS 

The main advantage identified was the possibility to enrich their offers with associated 

services. They believed new services could help them to gain competitiveness, loyalty from 

customers and increased sales, aspects that are all part of PSS drivers and benefits identified 

in the literature. However companies did not mention other benefits such as enhanced 

innovation capacity, more flexibility and better environmental performance, just one SME 

showed an understanding of the advantages of a PSS as a means to achieving organizational 

change. Additionally, the firms apparently did not see the possible advantages of a PSS 

related to the relationships with other stakeholders except from the relationship with their 

customers. However, there was no mention of changing how they satisfy their customers. The 

comments on this subject were more oriented towards identifying their needs. Important 

advantages identified in the literature to achieve sustainable results through PSS are related to 

dematerialization, with intensification of product use in innovative schemes and efficiencies 

in the supply chain, but these were not mentioned by the SMEs. Some of the firms that 

agreed PSS could bring advantages to their companies but they also recognized that despite 

the advantages they do not have the knowledge to develop and implement a PSS: 

"My product is food, but I do not know if making and creating sub-products belongs to this 

kind of question that you are asking me, but I would like to know, if it does belong, how to 
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do it", Owner-Manager Food SME 

"Because this system is characterized by the satisfaction of the client in specific aspects, if 

my company was offering them it would increase the demand for a new service, but it is not 

clear to me how to implement this system in my textile company", Manager Textile SME 

Finally, the SMEs were asked about the potential environmental benefits of implementing 

PSS as a business model. In this sense the SMEs were more likely to associate the PSS 

environmental benefits with actions such as recovering and recycling products and materials. 

Other companies mentioned the idea that a PSS produces less emissions and pollution, but 

did not explained why or how they perceive this opportunity. It is notable that other 

environmental benefits of a PSS identified in the literature such as dematerialization, 

encouraging sustainable consumption and intensification of product use were not mentioned 

by the firms. It confirms a limited understanding of the PSS concept and areas suitable to be 

filled with a more complete presentation of the implications, benefits, main features and 

opportunities of a sustainable PSS. In this sense just one company exposed a systemic 

perspective of the relationship between industrial operations and environmental performance 

but oriented mainly to better control of process than to innovative ways to satisfy their 

customers: 

"Having a view over the whole productive process we can control and implement systems 

that benefit the environment. Example: GAP (Good Agricultural Practices)", Legal 

Representative Agriculture Association 

4.2. Awareness and understanding of sustainability in the SMEs 

Having a defined business strategy was identified in the literature as a very important driver 

for developing sustainable businesses, adopting and using ICTs and developing sustainable 

PSS. However, less than half of the firms surveyed stated that they had a business strategy 

and only three mentioned having a product, service or process certification (Figure 4). In 
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terms of awareness of sustainability the firms were asked if they believed their operation was 

sustainable. It is interesting that half of the firms perceived their actual operation as 

sustainable despite previous studies where the lack of awareness and knowledge of 

environmental legislation and social responsibility have been mentioned as an important 

barrier to developing sustainable strategies in SMEs [21], [22]. According to the firms that 

did not consider that they had a sustainable operation the main reasons were lack of 

resources, tools and technical knowledge to participate in sustainable markets. This shows an 

understanding of sustainability as the opportunity to produce and sell sustainable products, 

which is a simplification of the implications of having a sustainable operation.  

 

Figure 4: Business strategy and certifications 

 

This kind of partial understanding of sustainability is also evident in the comments from the 

firms that affirm to have a sustainable operation and only explain it in terms of good 

environmental practices, (Figure 5).  
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Figure 5: SME perceptions of sustainability 

Initial positive feedback about the work of the firms on sustainability was the inclusion of fair 

trade, impacts on the community, cleaner production and responsibility over the whole 

product life cycle as part of their objectives and organizational policies for at least 20 firms. 

However these aspects are overshadowed by economic profitability, market share and costs 

as the three more frequently mentioned aspects,  

4.3. Use of ICTs in the SMEs 

In terms of ICTs, firms were interrogated on what were the most used technologies in their 

firms and what the main motivations were for adopting and using those technologies. In the 

first question the top five most used technologies were: e-mail, Internet, fixed line phone, 

computer and printer, (Figure 6). In this question very basic ICTs such as fixed line phones or 

printers were included, in order to establish the stage of adoption of technologies the firms 

were at. A complete list of ICTs presented by Kotelnikov [56] was included in this question 

as a frame of reference. According to his model of adoption and use of ICTs in SMEs, almost 
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all the firms interrogated are in early stages of adoption with basic technologies for 

communication and for information management. Just a few firms use specialised software 

such as ERP, CRM or inventory management programs. Additionally only eight SMEs stated 

that they used e-commerce despite 24 claiming to have a website (Figure 6). 

Finally, in order to assess the perception of the firms of the relationship between the use of 

ICTs and the development of PSS, the firms were asked about the potential contribution of 

these technologies to develop a PSS in their firms. In this case 35 SMEs said ICTs can 

contribute and just three firms were unsure about it. This initial perception is a key reason 

that the research is exploring the possible contribution of ICTs to the development of 

sustainable PSS. If the firms believe in the potential of ICTs to build these kinds of systems it 

may be possible to introduce the idea of integration and move the firms towards 

sustainability. 

 

Figure 6: Technologies used in the SMEs and top reasons to use them 

 

The positive perception of the firms to use ICTs and that this use can contribute to develop 

PSS was mainly related to three potential aspects. First, ICTs can facilitate and improve 
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communication with clients. Second, ICTs can be the means to offer additional services 

associated with the products that they already provide and third ICTs can bring the 

opportunity to be more efficient and assertive in their operating and administrative processes. 

The first two contributions mentioned above are the most common connections between ICTs 

and PSS proposed in the literature with the inclusion also of improved communication with 

other stakeholders, but this point is continually missed in the comments from the SMEs, they 

showed a clear focus on their relationship with customers ignoring other stakeholders. 

The last potential contribution mentioned for some firms, despite it not being fully explained, 

is a surprising result. The connection being explored to develop sustainable PSS supported by 

the potential changes in the design process, and in the resulting products from the use of 

ICTs, fits with the opportunity to be more efficient and assertive as a company. However this 

opportunity and the development of sustainable PSS demand a radical change that goes 

further than process efficiency. Finally, we can conclude that there is an interesting 

opportunity to keep exploring the path proposed. However, and despite the positive 

perception of the topics, it is possible to see that the firms do not fully understand the concept 

of PSS, its barriers, benefits and requirements. The possibility to develop a sustainable PSS 

has to be supported by more than a positive perception. 

4.4. Analysis of the SMEs with a Design Process 

Taking into account the integration proposed between ICTs and sustainable PSS exploring the 

design process as a path in this integration, the research was particularly interested in the 

group of SMEs that stated they had a design process in-house. Instead of giving the firms a 

definition of an in-house design process, the firms were asked a multiple choice question 

enabling firms to say if they had a design process or not. From the 38 SMEs considered 

initially, 20 stated that they had a design process in-house, (Figure 7).  
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Figure 7: Firms with design process 

In this subgroup 15 SMEs were manufacturing firms and five service firms. With this 

proportion the first result was that from the 20 firms five SMEs stated, according to the 

definition of PSS, that they already had one, these were all manufacturing companies. None 

of the five firms classified as being in the service industry believe they have a PSS even when 

they could be considered closer to the principles of a PSS. However four of these five service 

firms believe that in their current conditions they could offer a PSS, while from the 15 

manufacturing firms not already offering a PSS just four think they can offer a PSS in their 

current conditions. 

This last result taking into account the proportion of firms in each industry (manufacture and 

service) shows a higher potential opportunity to develop a PSS in service firms. Despite that, 

13 of the manufacturing firms who have a design process in-house believed a PSS could 

bring advantages to their firms. It is also interesting that from this group of 20 SMEs that 

have a design process, eight firms have a declared business strategy and from them seven 
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were manufacturing firms and only one a service SME. Traditionally, Colombian 

manufacturing industry has been more structured than the service industry. This could have 

influenced how well defined the SMEs are. The top five areas related to sustainable business 

development in which these 20 SMEs have been developing projects were: production 

techniques optimization, optimization of the product end of life system, selection of low 

environmental impact materials, fair trade and reduction of impacts during the product use 

stage. It is very promising that in these areas particular applications of ICTs to contribute to 

sustainable business development have been identified. For example, optimization of 

production techniques relates to industrial efficiencies and dematerialization, optimization of 

end of life systems to design of smart green products and customer empowerment and fair 

trade to social inclusiveness. These connections have strong relationships and implications to 

almost every process in a SME but with special emphasis on the design process. 

5. DISCUSSION 

The SMEs considered in the study show a positive perception about adopting new and more 

innovative business ideas such as PSS to satisfy their customers. It is interesting to note that 

less than a third of the firms mentioned e-commerce, even if it is a common ICT application, 

and one that has major potential in aiding the development of PSS, as recognized in the 

literature. This finding has strong resonance with a UK-based study into SMEs understanding 

and adoption of new business concepts that found that they were more likely to concentrate 

on short term gains rather than consciously developing new business competencies [57].  

Considering the low proportion of firms that already offer a PSS it is an important result that 

more than 60% of them believe they can offer one and moreover that 33 SMEs consider a 

sustainable PSS could bring advantages to their firms. It shows a positive perception and 

attitude facing the idea to make radical organizational changes. This disposition to change 

was identified in the literature as one relevant requirement to design and develop sustainable 
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PSS [8], [58]. However it was also possible to see in the results that there is only a partial 

understanding of what a sustainable PSS is and what their requirements are. Not only were 

some benefits not mentioned but also the possible barriers to deploy these kinds of business 

schemes were ignored. The only possible barrier mentioned was the lack of knowledge but 

others such as public acceptance, financial uncertainty or difficult relationships between 

stakeholders, all identified in the literature [8], [58], were not mentioned. 

In terms of the contribution of ICTs to sustainable PSS, the connection proposed through the 

design process and the resulting products was not clearly identified in the results as one of the 

potential contributions according to the SMEs. However, some of the firms considered that 

using ICTs makes their processes more efficient and they believe these advantages contribute 

to designing and developing PSS. This reasoning can facilitate the development of PSS but it 

is necessary to clarify the nature of the changes caused by the use of ICTs in the design 

process and in the resulting products in SMEs and work with the changes that can be 

permanent practices towards sustainable PSS. Despite only half of the firms having a 

declared business strategy there is awareness of the importance to behave in sustainable ways 

as represented in aspects such as fair trade, impacts on the community and product life cycle 

awareness included in their organizational planning. However, economic interests such as 

economic profitability, market share and costs exceed these aspects. Furthermore according 

to the results there is no knowledge of the whole set of benefits a sustainable PSS can bring 

especially in environmental terms. These benefits were reduced mainly to recycling systems.  

With regards to the 20 firms that said they had a design process, it was observed that 

manufacturing firms are less confident of the possibility of offering a PSS than service firms. 

This result confirms that the integration proposed through the design process could be a very 

useful way to introduce these manufacturing companies to sustainable business practices 

particularly sustainable PSS. In these 20 firms a lack of a declared business strategy was also 
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evident. It is an aspect that can make the deployment of sustainable PSS difficult. Taking into 

account the top five areas related to sustainable business where these 20 firms have been 

developing projects, there was no evidence of connections between these areas and particular 

ICT applications that could favour the development of sustainable PSS. In the end there is a 

great opportunity and range of action to work with the positive perception of these firms, 

however there is a necessity to understand better their design process and how the use of ICTs 

affect that process and the resulting product. This understanding is the base to identify the 

changes that could contribute to develop sustainable PSS.  

Connecting the results of the literature review and the findings of the survey and its analysis, 

a preliminary version of a reference model was developed (Figure 8). This reference model is 

the basis of a possible future route to orient the development of PSS in SMEs.  
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Figure 8: Preliminary version of a reference model to orient the development of sustainable 

PSS 

 

Included in this preliminary version of a reference model are the aspects that may have an 

influence on the development of sustainable PSS in the three areas explored in the research: 

ICT, sustainability and design. In each area drivers, barriers, opportunities and benefits of 
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these areas were identified in relation to sustainable PSS development. Additionally a set of 

preliminary relationships between these elements is presented in the model. The purpose of 

this model is to be the basis of future deeper exploration of these areas that helps to exploit 

the opportunities and overcome the potential barriers and difficulties in the development of 

sustainable PSS.  

6. CONCLUSION 

In terms of the objectives proposed for this research the main conclusions are: 

- For the SMEs involved in the study aspects related to sustainable business practices are 

not the main focus in their objectives and organizational planning confirming previous 

literature, however they have been developing projects related to these aspects. These 

applications should be used as a starting point for a transformation towards sustainable 

PSS. 

- There is a general lack of understanding in the SMEs about what sustainability means and 

what the implications are for them to transform their operations towards sustainability. 

This lack of understanding could be a serious obstacle to execute an organizational 

intervention toward sustainable PSS development.  

- The main reasons in the SMEs to adopt and use ICTs are related to economic indicators 

and there is no evidence of connection between that use of technology and the 

development of sustainable PSS, even when the majority perceive that connection as 

positive. 

- The lack of formal business strategies in manufacturing firms with a design process 

suggests that further work is needed on this area before thinking about developing 

sustainable PSS involving these firms. 

On the basis of the presented study and relevant literature it is clear that the positive 

perception of these SMEs to face organizational changes and to use ICTs has to be better 
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oriented towards sustainable business practices, and further research with these firms could 

make that reorientation. However it is also very important to find mechanisms to determine 

on an individual basis when sustainable PSS and the integration of ICTs and the design 

process are suitable concepts for SMEs. It is also interesting to analyze further the low rate of 

response from the SMEs to the study that reached just 3% respect to the whole set of firms 

approached. Despite that this rate could be higher taking into account only the emails in use 

at the moment of the study, it is possible that the SMEs whose responded the survey are the 

ones more motivated to keep contact to the project “MiPYME Digital” and in that sense the 

rest of the firms involved in “MiPYME Digital” project could not share completely their 

vision and perception on PSS and use of technologies. 
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APPENDIX 

Law 905/2004 of Colombian Government defines enterprises according to the number of 

employees and actives. Micro 1 to 10 employees and between 0 and 500 minimum salaries, 

Small 11 to 50 employees and between 500 and 5.000 minimum salaries, Medium 51 to 200 

employees and between 5.000 and 30.000 minimum salaries and Large 201 or more 

employees and more than 30.000 minimum salaries. Minimum salary in Colombia 2011: 

$535.600 Colombian Pesos equivalent approximately to £184. 
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