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SAMMANFATTNING 
Detta examensarbete handlar om utvecklingen av kylare med inriktning på nyutveckling. Det 
relevanta behovet av patent för kylare, att undersöka vad kunden behöver vid sida av hur 
integration ska ske samt kombinationen av market pull och technology push är de fyra 
huvudområden som behandlas i studien. 

Bortsett från inkrementella förbättringar, har mycket lite utveckling gjorts inom kylare på senare 
tid, vilket återspeglas i några nämnvärda förändringar. Dessutom har lite tidigare arbete utförts 
på utvecklingen av kylare, vilket förklarar varför en utforskande metod har använts. Kvalitativa 
data har samlats in från åtta olika kunder med målet att fastställa behoven och de huvudsakliga 
tendenserna på marknaden, en studie användes som ett exempel för att stödja de olika 
resonemangen. En grundlig litteraturstudie och analys av marknaden har genomförts för att 
bättre förstå syftet för utveckling av kylare. 

Patent har visat sig vara relevanta för kylare, eftersom patenterade inkrementella innovationer 
ger produktdifferentiering i en starkt konkurrensutsatt marknad. Däremot kan kostnaderna bli ett 
problem för genomförandet. Faktumet att kunderna vill kylare med ett lägre pris och en 
förbättrad kylkapacitet är den viktigaste slutsatsen av de utförda intervjuerna. Komplexiteten i 
strukturen som förbinder företaget och dess kunder, och det faktum att marknaden inte är helt 
medveten om sina behov resulterar i en obetydlig marknadshänsyn inom utvecklingsprocessen. 
Bristen på marknadsintegration tillsammans med insikten att avsaknaden av grundlig 
nyutveckling kan försämra utvecklingen av kylare vilket har lett till en ny ram av utveckling. 
Baserat på integrationen av marknadens pull and technology push, är målet att utveckla mer 
nyutveklade kylare. 

Nyckelord: Kylare, innovation, utveckling, market pull, technology push 
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ABSTRACT 
Air-oil coolers are hydraulic products whose purpose is to cool down the temperature of oil in a 
hydraulic system. This thesis project deals with their development with an emphasis on 
innovation. Apart from incremental improvements, very little innovation has been developed for 
coolers in recent times, which is reflected in few notable changes. Additionally, very little 
previous work has been conducted on the development of coolers, which explains why an 
explorative method was implemented. Qualitative data was collected from eight different 
customers with the purpose of determining the needs and the main tendencies, and a case study 
was used as an example to support the various reasonings. A thorough literature review and the 
market analysis have been carried out to better understand the context in which coolers are 
developed. The relevance of patents for coolers, the uncovering of the customer needs along with 
their integration as well as the combination of market pull and technology push concepts have 
been addressed. 

Thus, patents are proven to be relevant for coolers, because the patented innovations provide 
product differentiation in the highly competitive environment. However, their low added value 
can be an impediment to their exploitation. The fact that customers want coolers with a lower 
price and an improved cooling capacity is the major finding of the performed interviews. The 
complexity of the structure connecting the company and its customers, and the fact that the 
market is not completely aware of its needs, result in market considerations insubstantially 
integrated in the development process. Finally, the deficiency of market integration, in addition 
to the lack of radical innovation led to a suggested framework. Based on the integration of 
market pull and technology push approaches, it pursues the objective of fostering innovation in 
the development of coolers. 

Keywords: Coolers, innovation, development, market pull, technology push  
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 1 – INTRODUCTION  
This section explains the origins of the project, the environment in which the research took place 
and sets the purpose of the thesis work, along with its scope. 

 

 

1.1 – Context  
Parker Hannifin provides the broadest range of products available from any single supplier. This 
is supported by expertise in nine major technologies: hydraulics, pneumatics, electromechanical, 
filtration, process control, fluid and gas handling, sealing and shielding, climate control and 
aerospace (Parker, 2016). 

With annual sales of approximately $13 billion in fiscal year 2015, Parker Hannifin is the world's 
leading diversified manufacturer of motion and control technologies and systems, providing 
precision-engineered solutions for a wide variety of mobile, industrial and aerospace markets. 

This thesis project has been conducted in Stockholm, in one Business Unit of the Accumulator 
and Cooler Division Europe. This unit in Sweden is in charge of all engineering, and the 
operations (production, supply chain, quality) are located in Poland. This Parker Business Unit 
counts around 30 employees and has the responsibility of coolers development and 
manufacturing for Parker customers in Europe, Middle East and Africa.  

1.2 – Coolers 
Any power transfer system, electric, hydraulic, or mechanic has energy losses. As stated by the 
first law of thermodynamics, no energy is created or lost, but is transformed. The most common 
transformation in energy transfer is heat generation due to friction. Thus many industrial and 
mobile applications require cooling systems for temperature management notably: gear boxes for 
cooling of lubricant, water cooling systems, hydraulic systems, and thermal engines. 

The overheating of the fluid triggers various issues, such as damaging components, early aging 
of fluids and materials, and can lead to system failure or leakages. On the other hand, the 
benefits of a controlled fluid temperature are a greater lifetime for the whole system, as well as a 
lower cost spent on maintenance and a significantly better performance. 

Coolers are hydraulic systems aiming at responding at this issue, by using two different fluids 
(Figure 1). Heat is transferred from the warm fluid, which therefore becomes cooler, to the cold 
fluid, whose temperature increases. The cold fluid has to come from an unlimited or stable 
source otherwise its temperature would rise, limiting the cooling of the system. Consequently, 
two main families of coolers prevail: air-oil coolers using ambient air to cool the fluid, and plate 
heat exchangers using surrounding sources of water such as the sea, lakes, or industrial waters. 
This thesis focuses exclusively on air-oil coolers. 
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Figure 1: Basic functioning of a cooler 

Applications for coolers are numerous. The market is traditionally divided into industrial and 
mobile applications, but coolers can be implemented in diverse segments, such as oil and gas 
installations, agricultural and material handling equipment, construction and mining, wind power 
industry, engines, or any other industrial equipment. 

1.2.1 – Structure  

The coolers are composed of five main parts, represented in Figure 2. 

 

Figure 2: The main components of a cooler 

The fan house, which guides the air flow is also used to hold the whole cooler together. One of 
its sides usually fits the fan’s dimensions to ensure the good air flow. The fan creates the air flow 
through the matrix. Outsourced by another company, it is most of the time a pulling fan, meaning 
that the air flows from the matrix to the fan. Occasionally, the cooler can be delivered without a 
fan, either for passive coolers, that use a natural air flow, or because the customers want to use 
their own fans. The fan guard prevents any object to go through the fan and matrix. Its net size is 
designed to fulfil the safety of machinery standard ISO 12100 (ISO, 2003). Options are available 
to protect the cooler against severe environment. For instance dust guard will protect the matrix 
from large size particle avoiding fouling of the matrix and providing an easy maintenance. The 
motor powers the fan, and can be either hydraulic or electric. For the same reasons as the fan, it 
is sometimes not delivered with the cooler. The fan is also outsourced by another company. 



3 

 

Finally, the matrix ensures the heat transfer between the fluids. Constituted of layers in which the 
respective fluids flow, its internal design and overall dimensions are essential to the performance 
of the cooler. Its integration with the rest of the hydraulic system is permitted by the presence of 
connectors on its sides, where the fluids enter and leave the matrix. One matrix is constituted of 
an assembly of successive layers in which the fluids flow, in two different directions (Figure 3).  

 

Figure 3: Structure of a matrix 

The geometry of the fins making up the layers differs, the choice being dictated by the kind of 
fluid, its flow, its pressure. For example, wavy fins are often used for air, and squared fins 
designed for oil (Figure 4). 

 

Figure 4: Geometry of the fins of the layers: wavy design (left), square design (right) 

This geometry leads to more or less turbulences, and consequently influences the cooling 
performances as well. 

The price of the various components of a cooler is described in Figure 5.  
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Figure 5: Approximate cost breakdown 

1.2.2 – Characteristics 

To describe a cooler, several different parameters can be used. Those parameters are technical 
details that altogether make a cooler valuable or not for a given application. 

On the one hand, a cooler’s performance is measured by two different indicators. The first one, 
and probably the most intuitive one when it comes to coolers is the cooling capacity. This 
measurement of performance is the difference of temperature of the fluid between the input and 
the output of the cooler, for a given size of matrix, and is a measurement of its efficiency. As its 
name suggests, the goal of a cooler is to cool down the fluid, and hence the higher the cooling 
capacity the better the cooler is. The second one, the pressure drop, is the difference of pressure 
of the fluid between the input and the output of the cooler. It represents the losses because of the 
friction that the fluid has been subjected to in the matrix. The smaller the pressure drop, the 
smaller the power required to run the fluid through the cooler. 

In addition to performance characteristics, secondary attributes describe a cooler. The noise level 
of the cooler is a rather important characteristic as hydraulic coolers produce a quite high noise 
level when functioning. This is mainly the result of the fan rotating at a high speed, but not only. 
The shape and size of the various parts are also influencing the sound that the cooler is creating. 
The reliability is a significant attribute for a cooler. Depending on the quality of the material, the 
assembly, and the technology used, the reliability is subjected to differ. The working conditions, 
and especially corrosion, vibrations, and dust can notably affect this attribute. The price is 
obviously an important parameter. Price is the consequence of the resources that the company 
has employed to develop it in addition to the raw material and the manufacturing, and is one of 
the first criteria used to assess a cooler. At last, the burst pressure is the maximum pressure one 
cooler is able to keep up. Because the fluid circulating in the cooler is most of the time under 
relatively high pressure, it has to be sure that the cooler will not explode while functioning. 

1.3 – Problem Definition 
Despite appearing to be a standard industrial product, several differentiating elements make 
coolers worth studying. It can be understood that their development rests mostly on technology. 
Besides, the coolers have changed very little in recent times. Supporting the previous claim, rare 
innovation has been affecting coolers, only in an incremental manner. 



5 

 

1.3.1 – Development Based on Technology 

The company has made innovation the linchpin of its strategy for the last few years. According 
to MarketsandMarkets (2015), the company’s main approach to gain a competitive advantage is 
through the development of new and innovative products. That strategy derives mainly from the 
intense competition. As explained later in the market analysis, the competition in this market is 
very tough, so the various firms need to differentiate from the others to gain new customers and 
ensure the current customers are satisfied with the already bought products. Innovation is 
evidently a relevant approach to fulfill the unmet customer needs. There is another reason 
accounting for the innovative plan of action. In the cooler industry, and in most industries 
generally speaking, developing new products is a proof that a given company is investing in the 
future. The customers value that commitment, since it indicates that not only the current range of 
products is functioning well, but also that the future products are already being developed. 

As Cantamessa and Montagna (2016) define it, “product development is the name given to the 
business process that a company performs to deliver an innovation to the market”. The 
development stage is especially important for a company as it shapes the new product and will 
thus influence its success once delivered. It can be described as a series of stages, which will 
bring the idea to a final product. 

The company’s innovation plan of action; as part of its global strategy called Win Strategy™, 
rests on four different methods: idea generation, product commercialization, product strategy, 
and project portfolio management. Initial step of the innovation process, the idea generation 
consists of first the submission of the idea that is later evaluated before going through a gate and 
being pushed forward to the actual development stage. The model is based on personal initiatives 
instead of organized sessions. 

The product commercialization, that is the actual development process, is divided into two 
different stage-gate methods, according to the projects being risky or not. The distinction is 
fundamentally whether the project is an incremental innovation or a radical one. While the first 
version of the stage gate model used is the standard one (Cooper, 2008), the second one is a 
simplified version to save time and resources as the projects consist of low uncertainty 
improvements or cost reduction. The two models used can be seen in Figure 6. 

 

Figure 6: Stage-Gate methods for the product commercialization (Gi: Gate i) 

The product strategy is the game plan to deliver differentiated value to the customers. According 
to the innovation approach, four elements have to be incorporated for a pertinent product 
strategy: technology intelligence, market analysis, competitive intelligence, and customer input. 
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The technology driven and the market driven innovation are hence supposed to play an active 
role in the product strategy.  

Finally, the product portfolio management method relies on review meetings held periodically, 
where decisions are made at different level in the organization, according to the product strategy. 
Strategic directions are formulated in order to maximize the value of the projects developed in 
the company.  

The outcome of the innovation strategy for the coolers is lukewarm, and mainly consists of small 
incremental improvements. Nevertheless, to illustrate this will to provide innovation to the 
market, the company is currently working on several projects concentrated on some key aspects.  

In practice, although the innovation plan of action recommends the use of the market, technology 
is the source of innovation that the company is really focusing on. To demonstrate this, the 
current main focus is to work on design and industrial processes to make product easier to 
manufacture, use less raw material for the same performance and improve the production 
capability. 

1.3.2 – Recent Changes 

Since the beginning of the 20th century, coolers have developed into more and more compact 
products (Vyas and Agrawal, 2013). More recently, the emphasis was given on the design of the 
fins. Likewise, a lot of efforts have been dedicated to understanding the physical functioning in 
the matrices, and more especially that of the fins (De Losier et al., 2007).  

Due to the intense competition, prices and cost efficiency has been the focus of many of the 
companies, in order to reach market prices (MarketsandMarkets, 2015). As a consequence, a lot 
of the recent changes touched on the prices of the coolers, trying to decrease it by material 
reduction, process improvements or geometry changes. Two parts have been the focus points of 
the efforts: the matrix and the fan. This choice is dictated by both the important price of those 
two parts (Figure 5), and their significant impact on the performances of the cooler. Besides, the 
prices are strongly affected by the cost of the raw material and the manufacturing process and 
fluctuate accordingly.  

Thus, apart from design changes and improvements of the components of the matrix and the fan, 
the cooler has not been radically changed. The parts used are still the same, and the working 
principle has not been changed. Although, the performances have improved, and the cost has 
decreased thanks to process and design enhancements.  

1.3.3 – Innovation  

A focus on innovation for coolers is then crucial to understand why so little changes have 
affected coolers in recent times. Hobday (2005) affirms that innovation is “a product, process or 
service new to the firm, not only new to the world or marketplace.” Innovation can also be 
understood as the key for companies to get a competitive advantage.  

Innovations can be categorized in two major types: radical and incremental ones. The difference 
between those two types of innovation is explained by Norman and Verganti (2014) in the 
following manner: radical innovations, also called breakthrough innovations are a totally 
different solution while incremental changes are improvements of an already existing product. 
Radical and incremental innovation are opposite concepts regarding mainly three aspects: 
novelty, price and risk (Souto, 2015). The level of novelty is much higher for radical innovations 
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that entirely change the product, process or service. The consequence is a higher risk of the 
innovation, and an increase of both the cost of development and the price on the market. 

Usually, incremental innovation elaborates on previous radical innovation (Dunlap‐Hinkler et al., 
2010). Because it is less risky, it uses less resources and is a lot easier to develop, incremental 
innovation is the most frequent type of innovation. Souto (2015) argues that in some cases 
several consecutive incremental innovations can lead to a radical one. 

When applying this duality to the cooler industry, the changes are incremental innovation. As a 
matter of fact, the alterations that have impacted the coolers are slight improvements of 
performance, along with cost reduction; all expressions of incremental change. Their 
appearances, their functioning, their structure have remained unchanged, and no breakthrough 
innovation has affected the market. 

1.4 – Purpose  
As it is unclear how innovation and the development of coolers fuse, the motive of this thesis is 
to understand the integration of the sources of innovation in the development process for coolers.  

The development process is the system of steps that results in the commercialization of coolers. 
The sources of innovation consist of the various incentives and origins that give their 
contribution to that development with ideas, needs, or solutions. Then, by studying how 
innovation affects the development of coolers, indications explaining the current situation of 
coolers will be uncovered.  

1.5 – Scope  
To keep a great level of detail, it has been necessary to define boundaries. This thesis project is 
dedicated to the study of air-oil coolers that are referred as ‘coolers’. This restriction is relevant 
since most of the coolers are air-oil ones. Besides, only the coolers are considered, and not the 
rest of the hydraulic system and their integration in that system. All applications have been 
examined, as diverse as possible in order to get the wide range of requirements for the air-oil 
coolers. The focus is given on product innovation, but not on process or service innovation; 
except when such a piece of information was crucial. 

A great importance was also given to the environment in which the cooler is implemented, in 
order to better apprehend its development. In particular, the accent has been given to customers, 
because they are the ones actually in business with the cooler manufacturers. The end users have 
been kept out of the scope of this thesis, because they are a very different entity that does not 
directly interact with the company. 
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2 - METHODOLOGY 
This section describes the methods and tools used all along the thesis, to get relevant results on 
which the analysis and discussions are based.  

 

 

2.1 – Explorative Research 
This study is based on explorative research. Aiming at understanding better something that little 
or no research has dealt with, explorative research is “the initial research, which forms the basis 
of more conclusive research” (Singh, 2007).  

A thorough literature review has been conducted regarding coolers. Although some articles 
dealing with coolers were found, they all were related to the technologies involved in new 
generations of coolers, new processes to manufacture them, or theoretical research about fluid 
mechanics and heat transfer. On the other side, there is a lack of literature about how innovation 
can be integrated to the development of coolers. To that extent, no research having actually been 
conducted, the exploratory approach is relevant. 

Exploratory research is accompanied by a somewhat high uncertainty about the actual 
conclusions drawn. By its defining nature, this type of research explores various alternative 
options to a specific problem instead of selecting one single option. Because exploration could 
lead to very broad fields, this research has been limited to the four research questions previously 
stated. Being quite open, the questions will not lead to a yes or no answer, or to a validated 
framework, but to a better understanding of the topic and suggestions for future work. 

2.2 – Literature Analysis 
First, to highlight the main theories relevant to the thesis, thorough literature research has been 
conducted. To find relevant articles, the tools employed all along the education at KTH have 
been applied another time. With an iterative approach, consisting of refining the keywords 
depending on the results obtained with the previous iteration, the searches led to more and more 
pertinent articles and books focused on the topic of this thesis. In addition to the use of 
databases, other documents were selected because of their presence in the references of 
interesting literature.  

Two main databases have been used: Scopus and Web of Science. This choice was induced by 
the existing understanding of those tools, used previously in several courses. Additionally, their 
broad range of results, along with the relevance of several articles at the first iterations were 
compelling advantages.  

To get results in conjunction with the sought topic, and to limit the outcome to a reasonable 
number of articles, the word ‘AND’ was utilized. When synonyms were found, they were added 
to the search, with the connecting word ‘OR’. For example, ‘intellectual property’ was used as a 
synonym to ‘patent’ to find other relevant sources to base this research on. 
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The results of the bibliographic work have led that research into fields that were not at first the 
main goals of this research. For example, when researching about patents and innovation, the 
large number of articles dealing with the unexpected positive effect on competition triggered 
more investigation towards that direction. Another example is the high quantity of literature 
articles concerning patents and innovation, compared to the relative few ones dealing with 
patents and their influence on the development process. 

The choice to read a given article was mainly based on three different characteristics: its title, the 
content of the abstract as well as the date of publication. This last attribute was fairly decisive, as 
the topic of this research has significantly evolved with time. However, some documents were 
still read despite their rather old age, because they represent a milestone of the literature or 
because they were referenced several times in other documents. 

Some of the gathered articles and books were somehow in contradiction. It was then important to 
understand the reasoning leading to two different conclusions; this confrontation was necessary 
to have a pertinent state of the art on which this thesis is based.  

The literature analysis was structured to reflect upon three different areas of interest. Patents and 
their connection with innovation, competition and development were investigated. The 
technology push and market pull paradigms have been examined, in order to understand the 
element at stake when a company applies those kinds of strategies. Finally, the customer needs 
and their integration were scrutinized. 

2.3 – Environment Analysis 
For the purpose of understanding better the environment in which the company is competing, the 
market has been analyzed. It is divided into two main areas of work: the investigation of the 
current environment regarding the various applications, the geographical markets and the 
competition; and on the other hand the market trends for the future. 

This analysis relies on several market studies that have been delivered to the company in 2015. 
One-year-old, those documents were recent enough to be considered relevant information. The 
forecasts were in most cases until the year 2019. Examining several different applications, such 
as but not limited to agricultural, construction or industrial equipment, the different papers were 
confronted. Besides, the fact that they come from different market investigation companies 
makes the entire research more reliable, different sources being compared. 

However, the market analysis’ validity can be questioned mainly because of two reasons. On 
account of the inherent uncertainty associated with forecasts, the information provided by the 
market studies about the various trends has to be taken with a grain of salt. Based on global 
phenomena, such as the oil prices, or the economics of entire markets, conclusions are drawn 
regarding the impact it should have on the different segments. On the other hand, it has to be 
specified that most of the documents on which the analysis is resting on are concerning the 
hydraulic power unit market, but not specifically the hydraulic coolers. Coolers are used in the 
vast majority of the power units, and although it does not cover the full scope of the cooler 
market, the analysis provides relevant insights. 



11 

 

2.4 – Data Collection 
2.4.1 – Method 

In order to ascertain the needs, customer interviews were conducted. As Gobo (2011) states it, 
we are in a society where observing and interviewing have become essential task. Element of the 
exploratory approach discussed, the qualitative data collection is a pertinent method to gather 
information about the research topic. Often translated as a new theory, this approach is looking 
for answers to the basic questions ‘how, where, when, who and why’ (Leung, 2015). 

Unlike conclusive research, where quantitative data is collected to validate a theory or 
framework, adopting a qualitative data collection results in nonnumeric information, more 
relevant when the research is exploratory. Indeed, qualitative interviews often take the form of 
in-depth, semi-structured or unstructured, conversational interviews (Edwards and Holland, 
2013).  

Qualitative interviews can additionally lead to unexpected or out of the box answers; grasping 
the needs cannot be achieved by quantitative interviews where the respondents usually have little 
liberty when answering the questions. In this way, the interviews adopted the exploratory 
approach of the entire thesis work, where all the possible answers and possibilities wanted to be 
considered. The outcome of qualitative data collection was very broad data that needed to be 
meticulously analyzed to understand the main components of the responses.   

2.4.2 – Interviewees 

The interviews could have been conducted on different levels. Their main purpose being 
highlighting insights about the customer needs, they had to be carried out outside the company.  
If the company’s employees would have been interviewed, their vision of the company, along 
with their biased view of the customer needs would have limited their thinking and hence the 
results of the interviews would have been erroneous.  

An important aspect to define who it is best to interview is to determine who the customers are. 
The cooler market is interesting since the users and the customers are two separate entities. The 
coolers are bought by companies, the customers that integrate them in their machines, which are 
later sold to companies or individual who actually use them, the end users. There are as a matter 
of fact two different kinds of needs, coming from the fact that the customers are different from 
the users. The respective needs are therefore rather different: the customer needs are mainly 
related to the manufacturing, while the user needs mainly focus on maintenance. The boundary 
between the two types is fairly blurry; for instance, the user needs are sometimes joining the 
customer needs, as the customers will successfully sell their products to the users if they satisfy 
their needs. 

The connection between the various entities is shown in Figure 7. There are two different ways 
to sell coolers to the customers: either directly, which is the case for most of the important 
customers, or through the sales companies, gathering several small customers. In the end, the 
customers sell their products to the end users. 
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Figure 7: The entities and the needs 

The choice of whom to interview was essential, as it would highly influence the outcomes of the 
interviews. The company’s real customers, the Original Equipment Manufacturers (OEMs) have 
been selected to be the interviewees for three main reasons. 

First and foremost, interviewing the OEMs is the best choice to bring to light relevant needs. As 
explained previously, the needs are divided into customer and user needs. Obviously, talking to 
the OEMs will lead to a great understanding of the customer needs. Moreover, despite the 
distinction between users and customers, the communication between those two bodies is 
commonly quite frequent, which makes the OEMs aware of the users’ needs and issues. They 
also have an exhaustive knowledge about the entire system in which the coolers are built in, and 
are familiar with what is expected in the future for the systems that will be provided to the end 
users. Interviewing the OEMs is consequently supposed to highlight both needs. The outcome of 
interviewing the users would also be incomplete information, as they sometimes do not have all 
the elements to come up with the most important needs. For instance, the users do not really see 
the integration of the coolers as an issue, but instead focus on the fuel consumption and the cost 
of the coolers. 

Second, the company’s goal is to sell coolers to the OEMs. Hence, developing coolers that meet 
the users’ needs is not a significant concern, but developing coolers that meet the customers’ 
needs is. It does not mean that the user needs do not matter, simply that if a newly developed 
cooler is innovative from the users’ perspective, and not from the OEMs’ perspective, it might 
not be as successful as expected. 

Third, thanks to a high quality customer-supplier relationship, the OEMs were quite easily 
contacted, and convinced to take part in this interview process. Quite the reverse, the end users 
are not easy to be found, and it would be harder to get them to contribute. 
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In order to have a representative sample of the various customer needs, companies operating in 
different fields have been interviewed. Indeed, the requirements for the different applications are 
notably different; for example, the demand for coolers in the mining industry is very different 
than the one for the wind power industry. 

2.4.3 – Interviews 

In total, eight companies have successfully been interviewed, of which seven were in Sweden; 
and between one and three individuals were part of each interview. None of the respondents have 
actually declined to take part in the interviews; and the choice of which companies to interview 
was simple: most of the main customers were contacted. Only one out of the eight interviews has 
been conducted on the phone, the other ones being performed at the respective companies’ 
offices. The decision to perform the interviews face-to-face was impelled by the need of getting 
as much information as possible for each one of the interviews, and facing the interviewees made 
the interaction and the data collection easier.  

As part of a qualitative approach, the interviews were semi-structured. It enabled spontaneous 
discussions with the customers, having different points of dialogue depending on the application 
and thus the needs. The basic structure of the interview was: an introduction of the thesis project, 
then an introduction about the company, followed by the use of the coolers. Later, the needs 
were addressed, and the future trends were estimated before concluding the interviews.  

The objective of the interviews was to discover the customer needs, both the current and the 
future ones, in the next couple of years. As explained by Kärkkäinen et al. (2001), the success of 
a product relies on the fulfillment of one or several needs that will exist in a time range of a 
couple of years, when the product will be launched on the market. Clearly, ascertaining the 
future needs is an impossible mission, but by asking the future trends to the customers some 
interesting insights came up. 

As Edwards and Holland (2013) advise it, an interview guide has been used to be sure to address 
many topics, and to ensure that the interview was heading in the right direction. Due to the 
spontaneity of the interviews, it was simply used as an aid to direct the discussion towards a 
topic not yet talk about, and was not followed point by point. The interview guide is available in 
the appendices (A – Interview Guide). 

Very little information was delivered to the interviewees before the actual meeting, in the 
purpose of having unprompted answers. In fact, if they knew in advance all that would be 
addressed in the interview, they would have thought about it to a great extent and the answers 
would not have been spontaneous. The risk of this approach is to be facing interviewees not 
prepared to talk about the right subject. However, in practice, apart from one of the respondents 
who seemed sometimes uncertain about the topic and the goal of the interview, all the 
interviewees successfully cooperated. Every one of interviews lasted between 40 and 90 minutes 
in practice, most of them being around one-hour long. 

2.5 – Data Analysis  
To highlight the findings of this research, a rigorous analysis of the interviews was required. 
Aiming at recognizing patterns within the interviews, the analysis is part of the qualitative 
approach. 
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When analyzing qualitative data, three various consecutive stages are implemented: collection, 
organization and interpretation of the material from the interviews (Malterud, 2001). 

First, the data was collected during the actual interview, as notes have been taken throughout the 
conversations. Audio recording was not used for the reason that the interviewees would have 
been more careful about the information disclosed. The dangers of writing down the records 
during the interview is to miss some relevant information, and the difficulty to lead the 
conversation and take notes at the same time. Yet, this stage was achieved successfully, the 
discussions going at a pace slow enough to carry out the data collection.  

Second, after making a digital copy of the interviews, the data was sorted out into main 
categories to make a basic structure (Seers, 2012). Part of the content, irrelevant, has been 
disregarded. Since the interviews were semi-structured, this step was relatively easily achieved, 
the transcripts being splits in three main categories: use of coolers, needs and future trends.  

Third, the information was interpreted. Probably the most difficult stage of the data analysis 
process, and the one that has the greater impact on the actual outcome of the analysis, the data 
interpretation needs abstraction to examine as objectively as possible the various concepts 
(Malterud, 2001). Various ideas were gathered in paragraphs; and the needs were ranked in each 
interview, in order to be simply handled and compared. The nine different interview transcripts 
are available in the appendices (B – Interviews). 

2.6 – Reliability and Validity 
To evaluate the integrity of the final conclusions drawn in any research, assessing the reliability 
and the validity is crucial (Noble and Smith, 2015). Long and Johnson (2000) defines validity as 
the degree of accuracy between the findings of the research and the actual data, while they 
describe reliability as the consistency of the methods and processes that the researcher has 
applied to unveil the results. 

To improve both the validity and the reliability of the research, it has been chosen to use certain 
methods. The interviews were immediately transcribed to prevent any misinterpretations with 
time, and ensure the best validity feasible. The literature review and the market analysis 
consisted of the inspection of several different sources, resulting in a valid summary of the 
mixed theories. Resting on several different sources of information, such as market data, 
customer interview, the case study or bibliographic work, the thesis is more likely to depict 
accurately the reality (David, 2005). To increase trustworthiness, the diverse methods were 
implemented from an objective perspective. The literature review can be considered highly 
reliable, however the qualitative approach for the data collection cannot lead to an extraordinary 
high reliability, as the researcher’s impact cannot be avoided (Leung, 2015). Yet, the data 
analysis has been conducted with as much abstraction as possible, by applying rigorous steps to 
go from rough data from the interviews to clear findings. The researcher not being in contact 
with the world of coolers prior to that research, and consequently having an outside perspective, 
very few bias have impacted the overall conclusions. 

Other point to estimate the quality of a research study, generalizability is usually not utilized in 
the case of qualitative research, since only a small sample of respondents is involved (Leung, 
2015). Despite the limited scope of focus of qualitative data, sometimes the findings can be 
generalized to other situations where the theoretical framework is similar. However, in the 
particular case of coolers, the conclusions will not be extended to other markets. Indeed, a large 



15 

 

number of variable results in a high uncertainty that affects the reasoning leading to the 
conclusions.  
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3 - FRAME OF REFERENCE 
This section describes all the material that has been used as the foundation for the rest of this 
research. At first, a case-study is described to set the stage for the theoretical propositions. The 
literature analysis is articulated around patents, technology push and market pull and customer 
needs. 

 

 

3.1 – Case Study 
This thesis uses an explorative method; and to explore the world of coolers, a case-study has 
been used as a first step to understand better the coolers. The case-study is a project started in 
2010, focused on the matrix and aiming at improving the performances of the cooler. 

A first task was to assess this case-study, from the company’s perspective. This assessment has 
been mainly relying on the advantages and disadvantages of this new design in terms of 
performance, quality, cost, and manufacturability. The longer term goal was to understand 
whether this project was worth being pushed forward to production or not. This thorough 
analysis work has been conducted using many files originating from the project: tests reports, 
CAD files, CFD simulation files, patent files, planning tables, presentations, pictures and 
prototypes amongst others. 

3.1.1 – Focus on Technology 

The project has first been based on the desire to understand the technology used in the coolers. 
Prior to that, no studies had been conducted to comprehend how the heat transfer between the 
fluids was carried out, or how the fluid dynamics affected the heat transfer. The purpose was to 
understand the physical phenomena occurring in the coolers so a computational modelling 
(CFD) for the design used in the matrices was created and validated, with an iterative approach. 
Later, a brainstorming exercise led to the redesign of the cooler. Many parts of the matrix were 
redesigned from scratch, with the purpose of improving the performances of the entire cooler. 
After being ranked with the weighted matrix method, the most promising concepts have been 
selected to be studied further. Simulations were run with the new computational modelling and 
some redesigns were disregarded if they proved not to be improving the heat transfer. If they 
passed this gate, basic tests were conducted with prototypes. Comparisons were made with the 
simulations, and if both the simulation and the tests were promising, the considered design 
change was taken to the next stage. This project led to several parts being changed successfully, 
but only one has really been pushed forward: the redesign of the oil turbulator. Because the 
resources were relatively limited, choices had to be made, and it was decided to carry on with 
this new design. An extensive manufacturing feasibility has been executed, but suddenly the 
project was put on hold. The proceedings of the project can be visualized in Figure 8. 
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Figure 8: Stages of the case-study 

This case-study project is undoubtedly part of a technology push approach. The development of 
this project has simply been based on the R&D capabilities; the source of innovation was only 
the R&D department. Its purpose, aiming at discovering new technologies to improve the 
performance of the cooler is evidently pushing new coolers through technology. Besides, the 
customer needs were never incorporated in the development process.  

On top of that, one can wonder what kind of innovation the case study consists of. Innovation 
has been previously categorized into incremental and radical innovation, and the definitions 
surely classify this project into the incremental section at the scale of the cooler. Because the 
technology change affects only the design of one part of the cooler and the way the cooler is 
used, manufactured or apprehended remains unchanged: the innovation is incremental. 

3.1.2 – Added Values 

The added values of the innovative design of the matrix are divided in two categories: first what 
will make the company benefit from this design, and second what will make the customers and 
users benefit from it. This distinction is important, because if only the company profited from the 
innovation, it is unlikely that the new customers will be reached, and inversely if only the 
customers or users benefit from it, the company would not have strong incentives to develop it.  

The new developed product will be beneficial to the company. First, part of its performance is 
improved. The cooling capacity is rather the same as the one of the classical design, however the 
pressure drop is importantly improved, up to 40% depending on flow rate of the fluid. The burst 
pressure is moderately smaller. Second, the raw material used to manufacture the new matrix is 
reduced. Furthermore, the manufacturing is made easier. Some stages, that represented quite 
many man hours and operations done several times, were removed thanks to the new design.  
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From a customer perspective, the patented design would be interesting because of the lower 
pressure drop. Moreover, because of the better controlled manufacturing process, very little 
maintenance is needed. Maintenance is a stage that requires both time and money. 

3.1.3 – Patent Pending 

It has been decided from the beginning of the project that the design would be patented. 
Currently patent pending, the new cooler is however not manufactured yet. There are three 
arguments explaining the use of a patent. The added values, listed in the previous section, are 
worth being patented; and the stringent requirements to patent are fulfilled. Moreover, there is a 
strong need to differentiate from the competition. As disclosed by the market analysis, the 
technologies used by the various competitors is very similar, and that case study is a significant 
change at the scale of the coolers. In case of this new cooler being produced, it is likely to reach 
new markets and customers. Finally, the company wants to value the research and development 
by filing patents. This is due to two main reasons. The first one, is the increased knowledge 
within the company thanks to the patent. The second one is the improved brand image from the 
customers’ perspective.  

3.2 – Patents 
When a given technology developed in a company shows signs of a likely high value, it is 
common for companies to call on patents. Used to generate profits, patents benefit to innovation 
and competition but their overuse can be detrimental, a balance being needed. 

3.2.1 – The Cornerstone of the Revenue Model 

Patents have become a consequential part of a company’s strategy, and many large firms have 
entire departments dedicated to intellectual property. Patents can even be seen as “transactional 
goods” (Agrawal and Bhattacharya, 2015), which means that knowledge can be sold, or limited 
to a certain use. Even companies, called ‘patent intermediaries’ are basing their entire business 
on patents, acquiring and selling licenses to companies (Geradin et al., 2011). The manipulation 
of patents can be economically relevant for four different reasons: the resulting monopoly, the 
protection of the R&D activities, the competition’s increased expenses and the likeliness to 
receive investments. 

Patents limit the use of a technology to only one firm. Therefore, the inventor, and only the 
inventor can exploit this exclusive technology for a fixed duration. This ensures the firm 
competitive advantages over the rest of its competitors. Provided that the technology patented 
has an actual added value, this would result in a higher amount of money earned (Im et al., 
2015). Besides, in a very competitive environment, patents enable the inventor to safeguard 
R&D, and the investments made to develop new technologies. For example, in the 
pharmaceutical field, patents are a very common tool (Higgins and Graham, 2009). In fact, the 
R&D investments being very high in that industry, and given that there is no guarantee that those 
investments will lead to a final product on the market, they use patents to protect their revenues 
and inventions. Not only having patents is an asset for companies to increase their revenue, but 
also a lack of patents translates into large investments that have to be made by the followers to 
stay in the game (Kang and Bekkers, 2015). Indeed, fighting a company securing its earning with 
patents means that the competitors must find another way to have a product at least as good 
without copying the patents, leading to increased R&D spending. Finally, patents are a way to 
ensure that the technology is valuable, and a cogent reason for investors to back up a project. The 
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penicillin is a counterexample of that principle. Because he did not patent his invention, 
Alexander Flemming did not receive investments from companies, necessary to spread the 
invention on the market (Kennedy and Watkins, 2012). Without patent, investors are averse to 
taking risks in spending money in a technology that might not be profitable. 

However, different sources shade that the effectiveness of patents to gain a competitive 
advantage and secure the revenues, and claim it depends on the development level of the 
considered market (Sweet and Maggio, 2015; Kim et al., 2012). For companies established in 
developed countries, strong intellectual property systems, where many incentives are given to 
utilize patents, have a positive impact on the incomes, thanks to an increased competitive 
advantage over the competitors. The conclusion of Kim et al. (2012), who investigated in over 
70 countries in the world about the effect of patents, was that they trigger growth of companies 
in developed nations, while they slow down growth in developing countries. Yet, connecting the 
use of patents to the revenue model is probably somehow limiting, as only very few patents lead 
to high profit, most of them inducing only low average returns (Greenhalgh and Rogers, 2010). 

3.2.2 – The Benefits 

The existing literature insists on the positive impact that patents have, and that can be 
categorized into two notions: innovation, competition. While the previous section was focused 
on the main benefit brought to companies, this one has an emphasis on what the customer will 
gain from the use of patents. 

The main effect of patents is the increase of innovation (Arnold and Bauer, 2009; Norman et al., 
2015). Strong intellectual property incentives lead to monopolies, increasing the profits on 
products, as explained in the previous section. Those profits are later invested in R&D, 
stimulating innovation (Arnold and Bauer, 2009). By encouraging early entry on the market, 
which is less risky since followers cannot try to use the technology to compete, patents are 
stimulating companies to innovate and quickly launch products on the market (Norman et al., 
2015). 

Additionally, several sources express that patents stimulate competition. Beneito et al. (2014) 
explain that in some cases, as the patent is available publicly to all competitors, the internal 
knowledge is shared to the market, endorsing competition. Besides, because the initial product is 
protected by the patent, the competitors cannot copy it and have to work on their own to come up 
with a product that is at least as good (Kennedy and Watkins, 2012). Increased competition leads 
to better products and better prices, thus patents can be advantageous from the customer’s 
perspective. 

3.2.3 – The Drawbacks 

The previous section listed reasons leading to an increased competition and innovation. Yet, 
other publications tend to refute the beneficial impact of patents, negative to both companies and 
customers. 

Some works articulate that patents, and more generally intellectual property rights inhibit 
innovation (Heller and Eisenberg, 1998; Gangopadhyay and Mondal, 2012). The decrease of 
innovation would occur when the intellectual property (IP) incentives are too strong. Indeed, 
company investing a lot in patents needs plenty of resources, resources that could have been 
spent instead in innovative projects. Besides, the knowledge accumulation process is also 
affected, making it more difficult and slower to innovate (Furukawa, 2010). Additionally, some 
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companies are also patenting, but not making any use of the patents, which is harmful for the 
spreading of innovation. The semiconductor industry illustrates that negative outcome. Many 
incentives to develop intellectual property rights have been provided in the United States to 
stimulate innovation, yet in practice the R&D expenditures have not increased in that industry 
(Dey, 2015). Moreover, patents can prevent products to reach the market (Kennedy and Watkins, 
2012). Often large systems include several innovations, and a patent on one of them can 
significantly delay the entire project and endanger the investments. As more and more 
companies focus their business on intellectual property, this issue is becoming more frequent. 
For example, because of a very high number of intellectual property activities, the biosensor 
technology has been significantly delayed and slowed down, negatively impacting not only the 
companies but also the customers (Luong et al., 2008). 

On the other hand, some reasons could account for a weakening of competition. Beneito et al. 
(2014) have been analyzing the influence of industrial property rights on the rivalry between the 
firms. They found out that patents tend to isolate the companies from their competitors, by 
having a high priority given on their developments and not so much about the competition’s, in 
addition to the monopoly situation that discourages companies to compete. 

In addition to the weakening of competition, and the reduced innovation, Higgins and Graham 
(2009) express that companies lose a great amount of money by using patents. They need to fight 
the competitors’ patents, which requires a lot of resources. As a consequence, the products 
launched on the market are influenced by this issue, delayed and not always significantly 
improved. Lately, the number of lawsuits regarding patents has significantly increased (Kang 
and Bekkers, 2015) focusing too much attention and resources. Moreover, the amount of money 
spent on filing the patent, along with the one spent to maintain the patent is not to be overlooked. 
The cost of innovation is hence higher when using patents, and has to be counterbalanced by the 
increase of the revenue described before (3.2.1 – The Cornerstone of the Revenue Model). 

3.2.4 – The Right Balance 

So far, the literature demonstrated both positive and negative effects of patents. To compare both 
views, and to try to understand how those different visions can still coexist, it is required to have 
a closer look at the intensity of the incentives to patent given by the IP system. 

Such a system, according to Kennedy and Watkins (2012) aims at supporting both the inventor, 
through the protection of the invention against the competitors, and the society through the 
publication of the technology to improve common knowledge. Similarly, Boldrin and Levine 
(2008) believe that on the one hand property rights should be protected, to stimulate innovation, 
but also that diffusion should be promoted by allowing companies who obtained legally the 
innovation to use it.  

An interesting model uses a threshold to limit the different effects of IP rights (Gangopadhyay 
and Mondal, 2012). If the incentives are below the threshold, then they foster innovation because 
companies tend to patent the most important technologies, but competition still exists thanks to 
the weak rights. However, if IP rights are higher than the limit, companies are inclined to patent 
every single technology as a defense, the fight for patents intensifies, and thus the innovation is 
negatively impacted. 
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3.3 – Technology Push and Market Pull 
As asserted by Boeddrich (2004), the innovation in a company can either come from the outside; 
market driven or the inside; technology driven. The terms ‘Technology push’ and ‘Market pull’ 
are resulting from this distinction; this duality being omnipresent in the literature. 

The locution ‘technology push’ is fairly old, used as early as the late 1940s to explain technical 
change (Peters et al., 2012). Bush (1945) described the technology push as a linear development 
process, getting from the research to a final product through technological development, not 
directed towards any potential application. When such a technology push innovation is 
developed, the firm should look for an appropriate market where to use this technology (Ulrich, 
2003). Later, to contradict the technology push concept, Schmookler (1966) stated that an early 
market study resulted in valuable insights about the future development opportunities, leading 
the research in the right direction, engendering the term ‘market pull’. It consists of 
concentrating the attention on the latent, unsatisfied needs of the market and the customers which 
triggers new demands and thus new products (Brem and Voigt, 2009, Herstatt and Lettl, 2004). 

The fundamental difference between those two approaches is how they get information about the 
market and the customers (Herstatt and Lettl, 2004). Situations in which the technology push is 
used obtain indications about the market thanks to exploratory methods, which try to anticipate 
how the market would react to the innovation. The market pull strategy uses more standard 
market analyses or interviews that would highlight the needs and demands. The two processes 
are summarized in Figure 9 (Martin, 1994). 

 

Figure 9: Technology push and market pull (Martin, 1994) 

The choice of some companies to commit to either one of those two approaches is affected by 
three factors: the company’s business, the company’s environment, and the historical context. 
Indeed, the orientation towards either a market pull strategy of a technology push depends on the 
companies (Brem and Voigt, 2009). The ones based on business-to-business activities and that 
are technology based are obviously more likely to use a technology push method to develop 
products while the ones that are business-to-customer tend to rely on the customer and thus have 
a market-pull strategy (Brem and Voigt, 2009). Additionally, it should also be mentioned that the 
choice of technology push and market pull is influenced by the environment in which the firm 
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competes (Brem and Voigt, 2009). Depending on the field, the size of the company, or the 
history one of the innovation impulses might be more appropriate than the other one. Most of the 
time the strategy has to be adapted to those factors to successfully develop products. Third, 
depending of the time considered, a strategy of technology push or market pull can be more or 
less appropriate. For instance, according to Van den Ende and Dolfsma (2005), the computing 
market has seen periods in which the influence of the market pull and the technology push have 
been unequally important.  

This dual vision was relevant in the beginning of the second half of the last century (Taylor, 
2008), when the product development process relied on science which led to the product then 
released on the market. However, it can be argued that this dichotomy is nowadays somehow 
outdated (Taylor, 2008), since every firm in any industry is utilizing the two approaches, 
although at different levels of commitment. Most of the time, a combination of both concepts is 
used, incorporating several visions such as marketing, sales, and development into the final 
product (Herstatt and Lettl, 2004). 

3.3.1 – Two Necessary Approaches 

Some rare articles claim that only a technology push approach can sometimes be sufficient to 
succeed. Herstatt and Lettl (2004) assert that in some cases the technology in itself might be 
strong enough to create market opportunities, when the innovation is radical. Roughly speaking, 
some companies in the past have successfully used only technology push method, but those 
example are relatively rare and such a strategy is not recommendable (Brem and Voigt, 2009).  

Despite the improved innovation resulting from each one of those methods taken separately, 
relying on only one of those innovation impulses can lead to issues (Brem and Voigt, 2009). 
First and foremost, according to Ulrich (2003), two conditions are necessary for the product to be 
successful if it is pushed by technology. First, the developed technology has to give the company 
an obvious competitive advantage over its competitors. Second, the competitors should not be 
able to use an alternative technology, either because it is difficult to implement it or because it is 
not yet available. Focusing only on the R&D capabilities triggers problems: inefficient and risky 
development. Although it will certainly increase the technological innovation, a dedicated 
attention to the technology will isolate the R&D from the rest of the company. The development 
will hence not consider other important aspects of the development, and will be inefficient (Brem 
and Voigt, 2009). The market constraints will not be taken into consideration as R&D will not 
communicate enough with the other departments and especially the marketing one (Herstatt and 
lettl, 2004). Besides, the actual market is still unknown, as it is unsure who the customer will be 
in many instances. Yet, getting knowledge about the market is crucial (Deszca, 1999). As 
Burgelman and Sayles (2004) have also pointed out, the technology push method is risky in itself 
because it is restricted into one single technical element, instead of an entire product. Indeed, 
there is no guarantee that the developed innovation will satisfy the needs of most customers, 
which is inconsistent with Ulrich’s first requirement. Often, the technology pushed products are 
creating a demand that did not exist or that the customers were not aware of (Nam and Tatum, 
1992). Lastly, the chosen technical solution might not be the one that would be the most 
successful, but instead the one that is easily developed. That leads to the competition copying 
easily the invention, i.e. in contradiction with Ulrich’s second requirement.  

On the other hand, focusing only on the market is risky for several reasons. First, there is a rather 
high likelihood of getting misinterpretations of the needs and demands that are expressed by the 
market. Often manifested in terms of solutions instead of need, the actual problem or wish might 
be misunderstood, inducing products that will not encounter success.  There is also the risk of 
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focusing on some customer needs that have no significant potential (Burgelman and Sayles, 
2004). Whatever the method used to evaluate the market needs, there is no evidence that the 
unveiled need is the one that would lead to a better product. The competition is moreover prone 
to the same techniques to evaluate the market, and then the same expressed needs. The 
consequence is no product differentiation, and consequently no competitive advantage.  Finally, 
it will modernize the developed product, but it will not examine the relevance of the technology 
used in this product (Herstatt and Lettl, 2004). Because the market manifests needs with respect 
to the current product, the innovation is limited to improving the product. 

Brem and Voigt (2009) insist on the importance of the combination of both market pull and 
technology push strategies as a proper method to deliver competitive products to the market. 
Several sources highlight the positive effect on innovation that the synergy push-pull has (Taylor 
et al., 2005; Munro and Noori, 1988; Di Stephano et al., 2012). For example, it is the case for the 
photovoltaic segment, in which the focus on the market and the technology are essential to 
achieve innovation (Peters et al., 2012).  

In fact, the technology push, through the development of technology, helps the company adapt to 
the changing environment. Moreover, the market pull strategy identifies and analyzes the end 
market as well as the entire economy and influences the success of the innovation. While the first 
one gives the direction for the innovation, the second one makes sure that the innovation will be 
implemented at the right place (Kline and Rosenberg, 1986). If the existing literature seems to 
agree on the positive impact that those two approaches have on innovation, one can wonder 
whether the same kind of innovation is induced by the respective concepts of market pull and 
technology push. 

3.3.2 – Connection with Innovation 

It can be understood from the literature (Gerpott, 2005; Herstatt and Lettl, 2004) that the two 
impulses for innovation, the market pull and the technology push, are related to the type of 
innovation, radical or incremental. On the one hand, a market-pull strategy would stimulate 
incremental innovations. The market pull innovations, relying on the already existing product, 
are in the majority of cases incremental innovations. It can be explained by the fact that the 
market and customer needs are based on the present product, and hence the needs are formulated 
in comparison to the current product as well. On the other hand, technology-push methods would 
instead lead to radical innovation. Because the emphasis is given on technology, the entire 
product is likely to change. Its structure, the way it is used might significantly evolve, and 
accordingly the innovation can be considered radical. 

The time range of the two concepts is often very different: while it can be up to several years for 
a technology push concept, a market pull one is much shorter (Herstatt and Lettl, 2004). That is 
also a differentiating element between radical and incremental innovation: in the first case the 
development usually lasts a long time as the entire product is redesigned, in the second case 
often a small change is applied, and the development cycle is therefore shorter in time. 

Several different sources agree upon the fact that both radical and incremental innovation are 
imperative (Norman and Verganti, 2014; Dunlap-Hinkler et al., 2010). It is in accordance with 
the need for both technology push and market pull approaches previously addressed. 
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3.4 – Customer Needs 
Despite the importance of assimilating the customer needs, there is evidence that often this task 
is not trivial. In order to successfully ascertain the customer needs, and to avoid the various risks 
as much as possible, often customers are integrated in the development process. 

3.4.1 – Significance 

Taking into consideration the customer needs is an operation that is unanimously indispensable 
when developing new products (Freng Svendsen et al., 2011; Lagrosen, 2005; Kahn et al., 2013). 
Indeed, Lagrosen (2005) declares that companies need to please customers to differentiate. 
Similarly, as explain Kahn et al. (2013), if a product launched on the market does not meet the 
need of the customers, it is doomed to fail. If a company decides to ignore the customers and 
their needs, there is a very high risk that the developed product will not find any customers 
(Kahn et al., 2013). 

Kahn et al. (2013) spell out the difference between the needs and the features. Features are a 
solution to a given need, yet several features can fulfil the same need. That is why companies 
aim at finding features that meet the needs. Besides, since the features have a propensity to 
evolve with time, it is vital for companies to unveil the customer needs. Still according to Kahn 
et al. (2013), it is relevant to be looking for the customer needs before the product is developed. 
On the contrary, if a company tries to identify its customers’ needs after designing a product, for 
the purpose of apprehending the possible market, it will only be a waste of resources.  

Moreover, some reasons that make the comprehension of the customer needs essential have been 
addressed previously in the literature review when it was explained why the lack of market pull 
approach was prejudicial. 

3.4.2 – Challenges 

Furthermore, grasping the customer needs is proven to be challenging for three of reasons. The 
customers can certainly not speak about something they have not experienced themselves. As a 
consequence, customers can communicate about the current generation of products but not about 
the future ones (Kahn et al., 2013). Uncovering the demand of the customers may hence limit the 
development of products towards an incremental innovation perspective, entailing small 
improvements instead of breakthrough changes (Enkel et al., 2005).  

Chong and Chen (2009) noticed that the customer needs change over and over with time. This 
might lead to a product meeting needs that were expressed when the development started, but not 
when it ended. Yet the product development process pursues the fulfillment of future needs, 
hence the dynamic customer needs can result in disappointing products. 

At last, the formulation of the needs is not as easy as expected. Needs are often conflicting, two 
of them not being possible at the same time (Kahn et al., 2013). Besides, the needs expressed 
vary according to the customer examined, some of them giving greater prominence than others 
(Enkel et al., 2005). Finally, since customers and suppliers have different perspectives on the 
actual product, it is not unusual to observe misunderstandings regarding the articulation of the 
needs (Kahn et al., 2013). 
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3.4.3 – Customer Integration 

It can be understood from the literature (Urban and Von Hippel, 1988) that one of the 
repercussion of integrating customers in the development process is an increased innovativeness. 
It is also translated by other positive effects. In fact, integrating the customers makes them feel 
committed, improving the relationship customer-supplier. Furthermore, the knowledge about the 
customers, about their use of the product and their actual needs becomes much more thorough, 
for the benefit of the company. At last, when the integration is effective early in the development 
process, it ensures a decreased risk of making mistakes. In practice, the customer integration has 
been proven to be effective when it comes to innovating and developing services faster 
(Carbonell et al., 2009). This finding was based on a study of more than 807 companies in new 
service development. 

Nonetheless, despite this theoretical benefits of integrating the customers in the development 
process, little empirical evidence can be found in the published writings about its actual effect on 
the performance of the companies (Brockhoff, 2003). As a matter of fact, Carbonell et al (2009) 
have showed that there was no notable correlation between the customer integration and the 
market performance.  

3.5 – Research Questions 
The literature has shown that patents are used in many industries, because they provide a 
monopoly on one technology, enabling one company to profitably use this technology to develop 
innovative products. More than just a protection of a technology, patents have become goods that 
can be sold, and are the center of the strategy of many companies. 

However, if patents are widespread in some market, some others seldom use them. Besides, there 
is a lack of evidence about the relevance of the use of patents in the cooler industry. Incentives 
have been provided to patent the new technology developed at the company; and the case-study 
is an illustration of the intention to use patents. Therefore, it can be wondered whether patents 
are beneficial for a cooler manufacturer to use: 

RQ 1: What is the relevance of patents for coolers? 

The aim of this question is to determine, based on the coolers environment, and on the 
comparison with existing literature about patents and other markets, if the use of patents will 
lead to more innovation regarding coolers and will benefit the company using them.  

Additionally, to be successful, every product needs to satisfy one or several customer needs. One 
specificity of the cooler market is that the manufacturers are severed from the actual users of 
coolers. If the interactions are still frequent between the coolers companies and their customers, 
they are limited to an emphasis on the modification of an existing cooler to fit in their new 
products, or limited to an after sale issue. Little investigation about the customer needs has been 
performed by the company or by its competitors, and no literature has been trying to highlights 
them by methodically exploring the various applications and users. To answer this unknown 
aspect, this thesis pursues to answer:  

RQ 2: What are the customer needs for coolers? 

By pinpointing at what the customers want, the company can target one or a couple of needs that 
a new product will meet, leading to a competitive advantage. 
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However, just knowing the needs that the customers express is not enough to guarantee success. 
The next stage is the integration of those needs in the development process. When developing a 
product, a company has to make sure that the product born from the development will be 
meeting the customer demands. Although it has been discussed that the development is relying 
mostly on technology, needs might somewhat be part of the development of the coolers:  

RQ 3: How are the user needs incorporated in the development of coolers? 

This question strives for highlighting the current processes and methods used to incorporate the 
needs into the coolers when developing them. 

As stated by many authors (Brem, 2009; Taylor et al., 2005; Munro and Noori, 1988; Di 
Stephano et al., 2012), a company has to deal with both internal and external perspectives to 
innovate. Internally, a company possesses and uses resources to deliver new products, processes 
or services. External factors, such as competitors, customers, suppliers, are also playing an 
important role on a company’s product development. When it comes to coolers, very little has 
been done to figure out how those two distinct parts are connected, and how a good use of them 
could lead to successful and innovative products. Hence: 

RQ 4: How to balance external and internal sources of innovation to develop 
coolers? 

By rigorously comparing on the one hand the market trends, the customer needs and the rest of 
the environment with on the other hand the internal capacities along with the technology, and the 
internal resources this question seeks the understanding of this balance of power on the 
innovation brought to the development process. 

By using a slightly modified version of the basic strategic framework developed by Grant 
(2015), the research questions are connecting different entities as described in Figure 10. 

 

Figure 10: Diagram of the research questions 
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Indeed, the first research question connects the technology, part of the internal capabilities of the 
company and the development of coolers. The second one focuses on highlighting the customer 
needs while the third studies how it is integrated in the development. The fourth research 
question studies the balance between internal and external sources of innovation 
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4 - RESULTS 
This section describes the results obtained during the thesis. The analysis of the environment 
aspires to understand what the operating forces are. Then, the customer needs, result of the data 
collection, are described. 

 

 

4.1 – Environment Analysis 
The environment analysis was mainly based on a market study performed by 
MarketsandMarkets (2015). Except when mentioned otherwise, this market report was the source 
of information for this section. The first two sections are about the hydraulic market, while the 
third one focuses on the cooler industry. 

4.1.1 – Market Analysis 

4.1.1.1 – By Application 

The hydraulic market can be divided into three distinct submarkets: the industrial market, that 
includes for instance heavy industries machine tools, conveyor belts, or presses; the mobile 
market, that includes amongst other agriculture, construction, mining, or forestry segments; and 
the other applications, including for example the aerospace, or marine applications. All three 
markets are growing at an annual rate of between 3% and 5% (Figure 11). This growth is due to 
the increasing population, the growing urbanization, and the unceasing industrialization, all 
phenomena impacting world economy.  

 

Figure 11: Annual growth forecast by application 

More than 70% of the studied market is dedicated to mobile applications (Figure 12), and is 
quickly growing. This is primarily due to the voluminous applications in the earth moving 
equipment industry. Mobile applications are very popular for hydraulic systems due to their 
ability to provide higher energy transmission, required in energy intensive jobs such as 
construction and mining. The industrial field is the second biggest market, also increasing.  
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Figure 12: Market forecast by application 

The high pressure market (more than 200 bars) is also presumed to grow by 6% annually and 
represents more than half of the foreseen market share in 2019.  It is supposed to be especially 
significant in China. 

4.1.1.2 – By Region 

The Asia-Pacific region is the one that represents the larger market (Figure 13), at around 35% in 
the world, because of the extensive spending on construction activities. It is also the one that has 
the biggest annual growth (9%, Figure 14). For all product categories, China is an attractive 
destination. Europe and North America are the second biggest markets, growing at 
approximately 4% to reach around half of China’s business in 2019 each. Latin America is the 
only part of the world where the growth is expected to be fairly small. According to IHS 
Technology (2015b), the growth in emerging markets depends on the structural reforms that 
raise productivity and allocate capital more efficiently. 

 

Figure 13: Market size by region 
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Figure 14: Annual growth forecast by region 

4.1.2 – Market Trends 

4.1.2.1 – Evolution of the Segments 

Because of national incentives, the global economic situation, and other external factors, some 
segments of the markets are expected to change in the near future. 

Despite the droughts and the global economic situation, the agriculture sector grew strongly 
between 2010 and 2014 (ESL Consultants, 2015a). Above average farm equipment were sold. 
However, lower crop prices, crop insurance, and a lack of tax incentives strongly affected the 
farming market in 2014. As a consequence, the strong agriculture equipment sales may be over 
for a while; and the situation is particularly difficult in Brazil. In addition to that, problems with 
the weather conditions every year threaten the crops. If in 2015 the farm equipment sales have 
been weak, in 2016 they might rise modestly. In the very long term, the food production is to rise 
by 77% by 2050 (MarketsandMarkets, 2015). 

The global forecast for the construction equipment industry consists of stable sales, around $94 
billion in 2019 (Off-Highway Research, 2015). A modest increase of the construction sector is to 
be expected in the 2020s (MarketsandMarkets, 2015), but less than originally expected (ESL 
Consultants, 2015b). The market is well balanced between the different regions in the world; in 
2019, China, North America, and Europe should be around 20% of market shares respectively. A 
strong growth of the construction in the US (10% growth in 2016) is occurring, for both 
residential and non-residential (IHS Technology, 2015b). China had a huge demand of 
construction equipment in 2011, but currently its growth is not so important because of a large 
machine population, too many suppliers, and excess capacity. 

Enhancement of the sales in the manufacturing segment are expected in 2016 and 2017, thanks 
to steady investments from 2014 to 2017 in industrial equipment (IHS Technology, 2015b). 
Machine tools, and component markets will rebound in 2016, impacted by oilfield decline (ESL 
Consultants, 2015b). On the other hand, the industrial machinery segment is declining.  

The industrial equipment is ageing, more and more since 2002 (MAPI Foundation, 2015). The 
industrial machinery production growth will accelerate, but the global manufacturing growth is 
slowing. The European industrial production is facing a slow acceleration, while China’s 
manufacturing growth is slowing.  
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The forecasts disagree on the future for mining. While some sources (ESL Consultants, 2015b; 
HIS Technology, 2015b) state that this sector is declining, another one (MarketsandMarkets, 
2015) announces that it will be a stimulating market for hydraulics manufacturer.  

Moreover, despite the decline of the drilling and energy extraction equipment production in the 
next couple of years, the investment in the energy industry will have a long-term positive impact 
on the industrial machinery (HIS Technology, 2015b). Finally, the defense sector expanding 
quickly and the increase of the use of automation are great opportunities to develop. 

4.1.2.2 – Environmental Considerations 

The market is and will to a high degree be influenced by environmental considerations and rules 
for the reduction of the carbon emissions from conventional sources (FTR transportation 
Intelligence, 2015). It will impact the focus of the competitors on developing efficient products, 
but it is also expected to increase the hydraulic market by 2020. 

The tier 4 engine implementation, which consists of reducing the emissions (such as Nitrogen 
Oxide, and Particulate Matter) is influencing the industry (ESL Consultants, 2015a). Some trends 
materialize: good tracking of the fuel usage, more accurate logistics, a closer control of 
maintenance needs, and machine health at lower costs could be achieved by using telematics. 
Europe, Canada and the US are part of tier 4. The consequence is a need for coolers when more 
stringent requirement apply to machines. However, China and Russia are only in stage 2, 
meaning that the regulations are less restrictive. Most of the other parts of the world, such as 
Africa, Middle East, Central and Latin America (except Brazil) have no regulations whatsoever.  

4.1.3 – Competitive Environment 

To have a relevant overview of the operating forces, a Porter’s five forces analysis has been 
performed (Figure 15). Developed in the 1980s, Porter’s prominent model aims at understanding 
the competing environment, and at determining strategies thanks to a simple structural analysis 
of the five main competing forces (Renko et al., 2011). Sometimes too limited by the simplicity 
of the analysis, this model enables the highlighting of strategies to procure a competitive 
advantage. 
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Figure 15: Porter's five forces analysis of the cooler industry 

The threat of new entrants is very high. Most of the technology used in coolers is not patented or 
regulated by restricted norms and standards, and is commonly spread amongst the competitors, 
explaining the very low technology differentiation of most of the manufacturers. The 
manufacturing cost are somewhat driven by both material cost and volume, and there are no 
specific assets required to manufacture a cooler, which means that the entry barrier is very low to 
access the market. Simply by buying a cooler, and studying its structure and parts, any company 
could acquire the knowledge to manufacture its own. 

The threat of substitutes is low to moderate. Currently, no severe alternative to the standard 
cooler is threatening the market. The alternatives to hydraulic power systems, such as pneumatic 
or electromechanical systems are serious threats. However, cooling systems would still be 
required for such power units, and there are no serious alternative to current coolers.  

The bargaining power of the suppliers is moderate. One the one hand, the raw material is 
available from a number of different supply sources, and the suppliers deliver mainly 
standardized parts, so it is easy to change supplier based on price or quality. On the other hand, 
the suppliers of cooler parts have low volume deliveries for coolers, supplying many other 
industries with components. Therefore, if a cooler company is asking for something too 
demanding, declining it will not seriously affect their revenue, hence the moderate bargaining 
power of the suppliers.  

The bargaining power of the buyers is moderate to high, in a broader sense, but it depends on the 
considered market, since the specifications can be more or less demanding, and the volume 
needs more or less significant. For mining and forestry, marine, and industrial applications, the 
buyers can easily switch to other cooler companies and their bargaining power is moderate. In 
fact, because there is not much product differentiation, and quite many companies competing 
(see next paragraph), the buyers have leverage to get what they want. Yet, switching to another 
cooler company requires resources to qualify the new supply and apply the changes in their 
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process, which explains why they are averse to do so. Mobile applications are slightly different. 
Because the volumes are relatively large, all companies wish to provide their own coolers. 
Hence, the customers can easily play with the important supply to get coolers. 

Finally, the intensity of the rivalry, is very high. More than a dozen companies are competing on 
the cooler market, with very little product differentiation. Unlike the rest of the hydraulic 
industry, there are not two or three companies dominating the market. One of the illustration of 
the high rivalry is the harsh fight for prices, each company trying to lower the price as much as 
possible to get new customers.  

4.2 – Customer Needs 
The detailed answers of each one of the interviews can be seen in the appendices. It is advised to 
refer to them to have the explanations of each one of the needs, along with their ranking. 

4.2.1 – Markets Interviewed 

In order to get results with an optimal quality, several different industries have been reached by 
the interviews. Because the various applications in which the coolers are used relate to different 
needs, it was needed to get a wide range of customers to understand better their demands. For 
example, the dusty environment of the forestry equipment is very different from one of the 
marine equipment where the salty air may affect the cooler. 

In concrete terms, this search for different customers has been rather successful, and the 
companies interviewed and their respective market segments have been summarized in Table 1. 
The company indicated in the first row of the table decided to remain anonymous, hence its 
name is not communicated. 

Company Name Application Date of Interview Type of Interview 
Wind Power Company  Wind Power 29 March 2016 Phone Interview 

Scania Engines Diesel Engines 7 April 2016 Face to Face 
Sund Birsta Mills 11 April 2016 Face to Face 

Valmet Paper Industry 11 April 2016 Face to Face 
Hägglunds Hydraulic Motors 12 April 2016 Face to Face 
MacGregor Boat Cranes 12 April 2016 Face to Face 
Atlas Copco Mining Equipment 14 April 2016 Face to Face 

EcoLog Forestry Equipment 27 April 2016 Face to Face 

Table 1: List of companies interviewed 

Despite the wide business range of the companies interviewed, it was not possible to confer with 
all market segments. For example; aerospace, oil and gas, and automotive applications have been 
excluded from these interviews. 

4.2.2 – Summary of the Needs  

Because of the qualitative approach chosen to collect the data, it was needed to organize the 
needs into something that could be analyzed. The needs expressed were somewhat different from 
one company to another; and to make the analysis less complicated, they have been gathered in 
elementary needs. The elementary needs are defined in Table 2. 
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Elemental Need Definition 
Cooling capacity Need to improve the cooling efficiency of the cooler. 
Corrosion Need to protect the cooler against the corrosive environment. 
Flexibility Need to increase the mechanical flexibility of the cooler.  
Lifetime Need for a cooler that will last for a longer time. 
Maintenance Need to improve the maintenance in both the time necessary to operate it and 

the easiness of the intervention. 
Noise Need to decrease the noise level of the cooler. 
Pressure drop Need to decrease the pressure difference between the input and the output of 

the cooler. 
Price Need to decrease the price of the cooler. 
Quality Need to increase the quality of the parts and the assembly of the cooler. 
Range of coolers Need for a wide range of different coolers to meet the various needs for 

different systems. 
Relationship Need for an optimal relationship with the cooler company, thanks to good 

communication and technical knowledge. 
Room Need to decrease the size of the cooler while keeping the same cooling 

capacity. 
Supply Need for a good supply of coolers, and a short delivery time in particular. 

Table 2: Definition of the elementary needs in alphabetical order 

All but two of the needs affect the cooler and its characteristics. Both the ‘relationship’ and the 
‘supply’ needs are related to the service provided by the company delivering coolers. Most of the 
needs listed were part of the expected answers, yet some such as the ‘flexibility’ need were 
unanticipated and the qualitative approach proved itself useful. Other topics, such as Internet of 
Things (IoT) were addressed but did not rouse the interests of the interviewees. However, the 
priority given to some needs compared to others was rather surprising. The needs, categorized by 
interview, are summarized in Table 3.  
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 Wind Power 
Company 

Scania 
Engines 

Sund 
Birsta 

Valmet Hägglunds MacGregor Atlas Copco EcoLog 

1 Cooling 
capacity Quality Quality Lifetime Price Cooling 

capacity Price Cooling 
capacity 

2 Noise Price Price Room Cooling 
capacity Corrosion Relationship Room 

3 Corrosion Supply Supply Price Lifetime Price Quality Flexibility 

4 Maintenance Cooling 
capacity Room Supply Quality Room Room Price 

5 Room 
Range 

of 
coolers 

Noise * Noise * Corrosion Noise 

6 Price * * * Supply * Cooling 
capacity 

Pressure 
drop 

Table 3: The needs in descending order 

Another consequence of the qualitative method is the uneven number of answers delivered. As 
manifested in Table 3, the number of needs uncovered by each interview varies between four and 
six. The main explanation of this is the unequal level of demand of the markets. Some, such as 
the paper industry are relatively simple applications, whereas the mining industry has stringent 
requirements because of the extreme working conditions. 

4.2.3 – Summary of the Trends 

In order to estimate the future needs, part of each interview was dedicated to getting insights 
about the trends that are affecting the various markets. The interviewees were openly asked what 
they thought the future would be like.  

The information provided by the different interviews being significantly different, the trends 
were divided into three distinct categories. First, the market trends convey the health of the 
market; whether the forecast are positive or negative for the coming years. Second, the technical 
trends are technical changes that might apply to the industry, and change the way the products 
are manufactured, functioning or used. Third, the cooler trend is the interviewees’ opinion on the 
future need for coolers.  

The various trends are summarized in Table 4. For two interviewed companies, Scania Engines 
and Valmet, the market trend has not been estimated by the interviewees. 
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 Market Trends Technical Trends Cooler Trends 

Wind Power 
Company 

Increasing market Increase of the lifetime of the 
coolers 

Increase of the offshore segment 

Increase of the passive coolers 

Slight increase of the 
need for coolers 

Scania Engines * Increase of the pressure of the oil 

More and more electrical and 
hybrid systems 

Slight increase of the 
need for coolers 

Sund Birsta Difficulties of the 
steel industry 

Electric systems instead of 
hydraulic 

Strong decrease of the 
need for coolers in 
case of electric 
systems 

Valmet * Hydraulic to electric or 
pneumatic motors 

Stable need for 
coolers 

Hägglunds Hydraulic motors 
should remain in 
a stable position 

Electric or pneumatic motors not 
a threat 

Stable need for cooler 

MacGregor Low market at the 
moment 

Cranes are going bigger 

Probably more electric cranes 

Slightly decreasing 
need for coolers 

Atlas Copco Stable market at 
the moment 

Increase of the size of the coolers 

No switching to electric 

Stable need for 
coolers 

EcoLog Market going up 
and down very 
fast (at the 
moment quite 
well) 

Higher efficiency of the engines, 
with hybrid technologies 

Electric motors are not a threat at 
the moment 

Slight increasing need 
of cooler 

Table 4: List of the various expressed trends 

4.2.4 – Ranking of the Needs 

The result of the needs per interview is valuable since it lists all the main needs that the 
customers have expressed. However, the information collected so far does not provide clear 
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indications about which needs have the most significance for the company. To know this, the 
following calculation has been made, to measure the importance of each one of the needs n:  

𝐼𝐼𝑛𝑛 =  � 𝑟𝑟𝑖𝑖ℎ𝑖𝑖𝑚𝑚𝑖𝑖
𝑖𝑖

 

Where: 

- 𝐼𝐼𝑛𝑛 is the importance of the need; 

- 𝑟𝑟𝑖𝑖 is the weight associated with the position in the customer’s ranking; 

- ℎ𝑖𝑖 is the weight associated with the health of the considered market segment; 

- 𝑚𝑚𝑖𝑖 is the weight associated with the importance of the market in terms of sales of coolers. 

The weights have been arbitrarily assigned by the researcher, and the data is qualitative only; 
consequently, the low precision result cannot be considered as accurate information, but is 
instead for guidance purposes only. 

Yet, the ranking is based on the health of the segment, on the ranking of the needs by the 
customers, and on the importance of the market, and hence should give relevant indications 
about which needs require to be met as a priority. 

The various weights, along with the calculations, are available in the appendices (C – Ranking of 
the Needs). The result of the ranking of the needs is displayed in Table 5. 

Rank Percentage Elemental Need 
1 21.9 Cooling capacity 
2 17.8 Price 
3 11.1 Room 
4 10.4 Corrosion 
5 10.0 Noise 
6 8.7 Quality 
7 4.3 Lifetime 
7 4.3 Maintenance 
7 4.3 Relationship 
10 4.0 Supply 
11 2.1 Flexibility 
12 0.7 Range of coolers 
13 0.4 Pressure drop 

Table 5: Ranking of the needs 

Two needs stand out of this ranking: the cooling capacity, and the price. The cooling capacity is 
the main attribute to the performance, so roughly speaking the customers desire better and 
cheaper coolers. The visualization of the Table 3 highlights the significance of those two needs, 
whatever the market considered. Those are essential needs, meaning that developing more 
efficient and cheaper coolers would be a relevant approach to meet the customer needs. 
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Secondary needs are the room, corrosion, noise and quality needs. More variable of the market 
considered, those are as secondary needs that still require some focus from the company. 
Conversely, the pressure drop, and the flexibility are low priority needs. Although meeting those 
needs would satisfy better some customers, they are not transformative needs.  

4.2.5 – Limitations 

In addition to what has been said previously regarding the validity and reliability of the data 
collection, other limitations related to the actual proceedings of the interviews apply to the 
findings of this research. 

The first limitation of those interviews has to do with the interviewees. The persons interviewed 
might not have been the most relevant ones to provide accurate and detailed information about 
the use of coolers, even though when contacting the companies, it was clearly mentioned that 
this interview was about the coolers. It is absolutely impossible that one, two or three people 
have the knowledge of the entire company, and therefore their vision can be either biased or 
incomplete. Sometimes, the interviewees felt unsure about some aspects of the interviews, so 
some of the information delivered should be analyzed in hindsight. 

The interviewees might also have retained information, voluntarily or not. It can be understood 
that a company, even in such an interview, feels pressured to show that it is performing well, and 
consequently hides some of its problems or areas of concern, especially when not signing a non-
disclosure agreement. Despite the fact that the employees all seemed honest and open in the 
actual interviews, it is necessary to be aware of the incomplete set of information provided. 

Besides, only one company per market has been interviewed, since the goal was to get 
understanding of as many market segments as possible. That one company interviewed might not 
be representative of the whole market segment, with needs that are not amongst the mainstream 
ideas and trends. It is well known that companies in the same field behave differently and their 
needs can be affected by a different strategy. For instance, while some companies rely on 
quality, others base their strategy on low prices. Additionally, not all markets segments have 
been interviewed. 

One of the risks of performing a spontaneous interview was that when the interviewee did not 
have much to say, the discussion was oriented more by the interviewer than the interviewee. 
Thus the outcome is impacted and may differ from what would have come out without the 
intervention of the interviewer. 

Furthermore, the interviewer might have misunderstood or misanalysed information, which is a 
high risk with that kind of qualitative interview. The angle of vision; the way the data is dealt 
with is impacted by the researcher’s background, opinions or preconceptions (Malterud, 2001). It 
can be understood that the effect of the subjectivity of the research cannot be avoided. Since all 
the interviews have been performed in English, a language that is neither the native language of 
the interviewees nor the one of the interviewer, misinterpretations are likely to have occurred.  
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5 – DISCUSSION AND CONCLUSIONS 
This section discusses the various issues: the relevance of patents for coolers, the integration of 
the customer needs in their development and the balance between technology and market 
perspectives in the development process.  At last, conclusions are drawn.   

 

 

5.1 – Patents for Coolers 
The first research question, investigating the relevance of patents for coolers is examined from 
two perspectives: market-wise and cost-wise. The connection with incremental innovation is also 
scrutinized. 

5.1.1 – Relevance Market-Wise 

The published writings manifested that the use of patents is more or less widespread depending 
on the industry considered. Indeed, the environment plays a very important role in the choice 
whether to patent or not the technologies developed within a company. In the case of coolers, the 
environment, and more specifically the competing forces are stimulating the use of patents. 

The first reason that makes the use of patents relevant is the easiness for the competitors to copy 
the technology. Indeed, unlike Coca Cola drinks whose formula is a trade secret, a cooler is a 
relatively simple product. By acquiring one, disassembling it and implementing reverse 
engineering, one company could in a rather short amount of time understand the technology 
involved, and could release it on the market as its own cooler. Whether the time spent to do that 
is short enough to be a competitive follower is debatable, but it is a risk that needs to be avoided. 
Over and above that, the secrecy of manufacturing is very low, and it happens very frequently 
that manufacturing companies get inspired from each other with corporate espionage to improve 
their processes and products. Thus, pushing a new technology to the manufacturing stage will 
immediately make the competitors aware of the technology; the efforts spent in the research and 
development of this technology wasted. 

The second reason supporting patents for coolers is the competition itself. The intensity of the 
competitive rivalry is very high, with around ten companies fighting for the same market 
segments. The product they provide have basically the same characteristics, and a very similar 
price. In this way, to use the terminology brought by Kim and Mauborgne (2004), the company 
is in the Red part of the Ocean. Most of those companies have been existing for decades, and 
relatively few new products are released on the market lately. They are characterized by 
optimized products and production lines. Hence, the product differentiation is key to becoming a 
leader of the market. Without a patent to protect the technology that could differentiate a 
company, the competitors would copy the technology, and no competitive advantage would be 
gained. Contrariwise, the monopoly enabled by a patent would make the company using the 
patent gain market shares and customers, and generate more revenue. 

For those two reasons, the lack of patent would be detrimental to the company. The third motive 
to use patents is connected with the customers. Some interviews disclosed the value certain 
customers give to the technical knowledge of the cooler company. Using a patent is evidence of 
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a commitment in the future generation of products, and evidence of an emphasis on developing 
innovation for coolers. For instance, survey results compliment the suppliers focused on research 
on the market for industrial and mobile hydraulic components (IHS Technology, 2015a). 

One of the drawbacks commonly admitted of patents is the disclosure of the invention to the 
entire world. However, in the particular case of cooler this does not seem excessively 
detrimental. Although it would accelerate the copying of the competitors, one day or another this 
phenomenon would happen, a patent being used or not.  

5.1.2 – Relevance Cost-Wise 

Whether patents are relevant or not largely consists of assessing the financial impact on the 
company’s revenue, as is often the case in the business world. 

To put in simple terms, the economic effect of a patent on a company is the balance between two 
quantities: 

- The money spent in the patent. This amount can be divided into three constituents: the 
money spent human-wise to develop the patent, the cost to file the patent, and the annual 
fee paid to make it applicable. 

- The additional money earned thanks to the patent. It is the increase of the profit the patent 
causes that matters, not simply the profit resulting from the patent. 

A basic model has been created to realize whether a patent is relevant depending on the value of 
the technology supported by a patent. Based on the rough assumption that the revenue is linear 
with the added value, this model can be seen in Figure 16.  

Besides, the hypothesis that the cost of the patent is constant has been made. Truly the cost of the 
patent filing, and the cost to maintain the patent can be considered constant. However, the cost to 
develop the patent in itself can vary, depending on the resources spent on the development of the 
patent. This simple models divides the relevance of patents into two parts, according to the value 
added by the patent. 
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Figure 16: Relevance of patents depending on added value 

In the first part of the graph, the value added brought by the patent is fairly small, which is 
reflected by a rather low revenue, because the customer is not willing to pay more for the little 
value added to the cooler, or at least not paying significantly more; and the new product is not 
likely to reach new customers as the product differentiation is low. The cost of the patent is 
higher than the increased profit from the new cooler, and as a consequence, it is not relevant for 
a company to use a patent for that technology. 

In the second part of the graph, the added value is higher. It means that the revenue increases, 
because: the customers are willing to pay more for the new cooler, since its value is much 
increased; and new markets and new customers can be reached by this new technology, 
generating additional income. Since the cost of the patent is assumed to be the same, this time 
the profit is higher, and therefore using a patent is relevant for the company. 

Although this model looks applicable to many industries, the low volume of coolers make the 
need of a high value added by the technology significant. For instance, high volumes application 
can benefit from a patent, even if the added value is very low. If the margin is improved by a 
very small amount per product, the large number of sales make the patent relevant.  

5.1.3 – Patents for Incremental Innovation 

There is little evidence in the literature about the relevance of patents for radical or incremental 
innovations. The relevance to use a patent for an incremental innovation can be questioned.  

At first sight, one might think that the more radical the innovation is, the more pertinent it is to 
use a patent to protect it. Indeed, radical innovations are likely to revolutionize the market, and 
having a monopoly on such an innovation is clearly an advantage over the competitors. 
However, other indications tend to contradict that vision. Indeed, the previous basic model 
showed that patents are more adapted when the innovation engenders added value to the product. 
Yet, there is no clear correlation between the added value and the type of innovation. Actually, 
an incremental innovation can bring more value to a product than an inefficient radical one. The 
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high risk associated with the radical innovations makes the patent an additional cost that could be 
wasted in case of a failure. Conversely, incremental innovation, consisting of improvements of 
an already existing product, is reasonably certain to meet customers’ needs, and justify the use of 
patents. 

5.2 – Incorporation of the Needs 
The needs have been uncovered by the customer interviews. Yet, knowing them is pointless if no 
use is made of them. Answering the third research question, this section pursues to understand 
how the customer needs are integrated in the development process. 

5.2.1 – Interacting with the Customers  

The communication with the customers is rather frequent at the company, of two different types. 
First, the sales department is permanently meeting the customers or the sales companies in order 
to discuss existing and potential new businesses. On the other hand, the design and application 
engineering department of the company is in contact with the respective engineering departments 
of the customers to design customized solutions. This communication is mainly limited to the 
fulfillment of the specifications, and other technical problems with the current range of coolers. 
For example, it is common for the room available for the cooler to change, because the 
customers decided to modify the organization of the components in their systems. This stage is 
where the current incorporation of the need occurs, since the customers express their needs for 
the given order. However, the articulation of the needs is not related to their demand for the 
future coolers, but instead related to their requirements for the present ones on the short term 
perspective.  

Thus, despite a frequent communication between the two parties, the integration of the needs is 
quite insignificant. Two aspects can explain it: the complex structure and the fact that the 
customers may not be aware of their needs. 

5.2.2 – The Complex Structure 

One of the possible explanation of the inconsequential integration of the customers’ needs is the 
very complex structure that is described in Figure 17. 
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Figure 17: Interaction between the different entities  

As formerly mentioned, unlike many other industries, users and customers are separate entities. 
Developing products that integrate both the users’ needs and the customers’ needs is then much 
more difficult to achieve as the collection of the needs is to be performed at different levels.  

Besides, two ways to sell coolers exist: either directly to the customers, or indirectly, through the 
sales companies. Obviously, the interaction with the customers buying the coolers through the 
sales companies is infrequent, and the incorporation of their needs is more laborious.   

Additionally, at the scale of the company, the sales department and the engineering department 
are two distinct entities. Partly because they are located close to the customers in the various 
countries in which the company sells coolers, the divisions are not properly integrated; resulting 
in a more difficult assimilation of the needs in the engineering process. 

The engineering department is focused on the engineering of the current coolers to meet the 
customers’ specifications, but not so much on the future development of coolers. The innovation 
methods promoted by the company are not widely used, due to emphasis being given on short 
term issues. Consequently, it can be considered that there is no proper R&D department, no 
resources allocated to pure development. 
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5.2.3 – Unawareness of the Market 

Another potential reason of the difficult integration of the needs of the customer is external to the 
company and relates to the customers. Indeed, the customers do not seem absolutely aware of 
their needs and what the market will require in the future. 

First and foremost, the outcome of the interviews failed to meet the expectations. Although they 
have been helpful to understand which needs are associated to which markets, only a couple of 
the needs listed by the employees can be of interest for the company, and were somehow 
unexpected. The basic ranking carried out highlighted that the main two needs are the price of 
the cooler along with its performance. Those are highly anticipated needs; since in every industry 
do the customers want better and cheaper products.  

As a general rule, most of the interviewees stated that they were satisfied with the coolers, which 
was unexpected as often customers complain about the products to a great extent. Obviously, 
they always said that they would prefer a cooler that is quieter, that resists better to corrosion or 
high pressure, or that was more reliable amongst others; but no company interviewed signaled its 
displeasure regarding the coolers provided by the company.  

Besides, the interviewed companies showed very little interest and enthusiasm for the coolers. 
They did not express any particular requirement, as if the cooler was just a necessary part of their 
system that could not bring any value. When asked if they had any special need that would 
change the way they use the product, generally speaking they did not answer positively. Yet, it 
was the perfect opportunity for them to ask for something very complicated, but no suggestions 
were compelling. 

Under those circumstances, the rough assumption can be made that the customers are not entirely 
aware of what the needs for the coolers are.  

5.3 – Innovation via Market Pull and Technology Push 
In order to stimulate innovation, the combination of market pull and technology push is 
explored, as well as the type of innovation, answering the fourth research question.  

5.3.1 – Improving the Combination 

Despite a will to combine both the market and the technology view in the innovation plan of 
action, the use of both strategies is in practice quite uneven. As mentioned previously, the use of 
the market to innovate is almost nonexistent. The previous section showed that the customer 
needs are very seldom integrated in the new coolers, and that the interaction with the customers 
basically consisted of discussing the specifications for the current coolers. The case study 
showed that the market was never considered in the development process. The consequence is 
coolers whose new characteristics do not necessarily meet the market needs. For instance, the 
case study improves the pressure drop of the cooler, while the most asked improvement is the 
one of the cooling capacity, remaining unchanged. Despite the existence of market studies, they 
have not been treated as a support to target new markets or customers. On top of that, technology 
has been utilized in order to stimulate innovation. The case study is a prime example of the will 
to base the development of coolers on a strong technical knowledge. Additionally, the methods 
suggested by the innovation plan of action foster technology as a support of innovation. The idea 
generation system applied where the employees suggest projects makes the use of technology the 
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base of new projects, as well as the product commercialization promoted by the company’s 
innovation strategy. 

Several factors might explain the difficult association of market and technology as sources for 
innovation. First, the size of the company is an impediment to the use of market related 
information. Large established companies tend to confine themselves into their R&D. Because 
such companies believe that they know the market well and its demands, they tend not to make 
the efforts to uncover the trends that are making the market change. The unawareness of the 
market to what it actually needs may be a reason why the integration of the market was not 
successful. Because the customers never expressed the urge to change the cooler, the integration 
of the market was never estimated necessary. The synergy of two approaches is accordingly 
made much more complex. The structure of the company is also an obstacle to innovation: the 
complex hierarchy makes the decisions complicated and slow, as opposed to an entrepreneurial 
environment. The numerous sales companies spread all around Europe make it difficult to gather 
information about the local customers, especially because those entities have very little technical 
knowledge about the products. The focus is also only to sustain products and customers, and the 
lack of a proper R&D department inside the company makes it difficult to integrate both market 
pull and technology push paradigms. 

Yet, the literature stated that the combination of both market pull and technology push strategies 
is necessary to successfully develop an innovative product. It is then needed to improve the 
integration of the market and customers into the development of coolers. 

The benefits of involving the customers in the development of coolers is threefold. First, the 
uncertainty related to the technology driven products will be reduced. In fact, since some 
customers would be involved early in the development process, they would direct it towards the 
fulfillment of their needs; instead of a product whose applications are undetermined after its 
development. Second, by successfully combining technology and market, the customer 
involvement will increase the innovativeness of the products, as shown by the published 
writings. The development will unite the ambition of the market with the creativity of the 
technology, resulting in many more innovative possibilities. Third, the customers will feel 
included in the development process, and their satisfaction will increase.  

5.3.2 – Incremental Innovation and Coolers 

The technology analysis has revealed that no radical changes have been made to the coolers in 
recent times. The only modifications have affected optimization of the processes and slight 
improvements of the performance. Additionally, the interviews have revealed needs that remain 
confined to incremental changes. The risk for large firms when it comes to innovation is to get 
stuck and blinded by their area of expertise, and therefore only leading to incremental innovation 
for an already existing market (Dunlap‐Hinkler, 2010; Koberg et al., 2002; Chandy and Tellis, 
2000).  

Incremental innovation might be enough to provide innovation to the customers. Indeed, the 
outcome of the interviews is their overall satisfaction about the current range of coolers. The fact 
that they do not manifest the need for radical changes means that they only want improvements 
of the current coolers; and delivering a radically changed cooler is likely to be a failure since the 
market is not ready. Radical innovation has two main flaws. In practice, most of those projects 
fail, because of the high risk of addressing a wrong market, since there is no way of knowing in 
advance who is actually interesting in the breakthrough innovation. Products resulting for radical 
innovation also take longer to become the norm and to generate income (Norman and Verganti, 
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2014). Restricting the development of coolers to incremental innovation is then a choice that is 
reasoned by the inherent safety.  

Yet, the necessity of resorting to both types of innovation has been highlighted as significant to 
perform well (Norman and Verganti, 2014; Dunlap-Hinkler et al., 2010). A limit in innovation is 
reached if a company remains confined to incremental innovation (Norman and Verganti, 2014). 
According to Dunlap‐Hinkler (2010) to have more chances of having a sustainable competitive 
advantage and therefore generating income, firms have to engage simultaneously in both radical 
and incremental innovation at the same time. Norman and Verganti (2014) use the analogy of 
hills to understand the difference and relevance of radical and incremental innovation. The 
higher someone is on the hill, the better. Incremental innovation consists of climbing up the hill, 
getting a bit higher up every time, aiming at the top part of the hill. Quite the opposite, radical 
innovation is a change of hill, that is so far unknown, for the purpose of finding the highest one. 
As each hill has a maximum, at some point incremental innovation is not enough to improve the 
product, process or service. Consequently, by constantly and incrementally improving the 
coolers, the company might find itself stuck in a situation where slightly changing the cooler will 
not lead to improvements, in both performance and cost.  

Hence, stimulating radical innovation is a policy that could lead to improved coolers. 
Nevertheless, according to Salomo et al. (2007), it is unclear how to achieve concurrently radical 
and incremental innovation. 

5.3.3 – Suggested Framework 

This thesis project has provided a thorough analysis uncovering to two major issues: the lack of 
integration of the market perspective and the lack of radical innovation. In order to improve 
those two aspects, a framework has been suggested. Based on the product commercialization of 
the company’s plan for innovation of Figure 6, this framework is described in Figure 18. 

 

Figure 18: Suggested framework 

The new product commercialization framework retains the stage-gate system, which enables an 
optimal control over the projects carried out. However, the first part that leads to concepts is 
profoundly reshaped. 

The main change is the use of three different sources of concepts: customer only, company only 
and a combination of both.  
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The evolution is the fact that customers would be deeply integrated in the early stages of the 
development process (Figure 19). This source of concepts is concentrated on focus groups. 
Aiming to get detailed insights about the customer perspective, the focus groups consist of a 
gathering of customers discussing openly about the coolers. The emphasis given on the opinions 
and beliefs pursues the goal of uncovering the needs. Ideally, the focus groups occur with several 
customers, from different industries that can confront their ideas. Sessions would be organized a 
couple of times a year, and would address both the current coolers and their wishes for the 
future. They would consist of two stages: the participants would discuss their needs and highlight 
the main ones, as well as the one that are expected to be important in the future; followed by 
another step aiming at generating concepts based on those needs. Thanks to the group effect, the 
focus groups are effective in coming up with valuable information for the company (Lindlof and 
Taylor, 2010), and would lead to more relevant information than the one provided by the 
interviews. The expected outcome is a list of concepts satisfying the demand for present coolers 
and future coolers that should be ranked through a concept selection session. It is advised to use 
a simple method such as the weighted matrix method since they give very relevant rankings 
(Sauli et al., 2007). This leads to market driven concepts, which are then amongst the list of 
concepts reviewed at the first gate.  

 

Figure 19: Origin of market-driven concepts 

The technology push innovation is kept as an origin of concepts, but is changed to result in better 
outcomes (Figure 20). Instead of the idea generation method suggested by the Company’s 
innovation plan, sessions would be regularly organized where the employees are free to generate 
ideas. Happening also several times a year, or even several times a month, creative methods such 
as brainstorming, 6-3-5 or attribute list method are shown to be of relevance to stimulate 
creativity (Berglund, 2009). The current system is too complex, and does not incite the 
employees to spend time to suggest ideas for future projects. As Un (2010) explains, for large 
established firms, it is necessary to create an environment where safety is central, for the purpose 
of fostering radical innovation. It is believed that the sessions would generate a significant higher 
number of ideas. The outcome of those sessions would be creative technological ideas that are 
later ranked in a concept selection session similar to the one resulting in market-driven concepts. 
The most promising concepts would be reviewed in gate one. 
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Figure 20: Origin of the technology-driven concepts 

A third source of concepts is set up; deriving from both the market and the technology 
approaches (Figure 21). Made up of a frequent workshop gathering both the employees of the 
cooler company and the customers, this stage incorporates three inputs: the market needs, the 
market-driven concepts and the technology-driven concepts. In practice, the workshops could 
consist of small groups that would compare these information. Market needs and technological 
ideas would be compared, and by confronting those new solutions for coolers would be 
generated. The benefit from this is the very high relevance of the produced ideas since they 
would fit the company’s capabilities and would also meet the market demands. Once again, a 
concept selection session would follow. By the association of both market pull and technology 
push principles, innovative concepts will be generated, and the need of combining market pull 
and technology push met.  

 

Figure 21: Origin of the hybrid concepts 

The purpose of the first gate is to select the promising concepts amongst the three different 
sources of innovation previously described. It is followed by the standard stages of feasibility, 
development, qualification and pre-production, and launch. 

The suggested framework is likely to improve the current development process. Indeed, the use 
of three sources for innovation is precious to keep a large scope and not be limited and blinded 
by either the market or the technology. The customers are henceforth integrated in the 
development of coolers, and the mentioned issue of the lack of incorporation of the market 
perspectives into the coolers is eliminated along with its flaws. Second, the concepts are more 
likely to be radical changes, thanks to the new idea generation method as well as the early 
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integration of the external customer requirements (Lettl et al., 2008; Zhou and Li, 2012). 
Furthermore, such customer integration will make the company quicker to understand and react 
to the market changes, tending to delivering more creative coolers (Zhou et al., 2005). 

However, the advantages of this framework have to be qualified in light of the efforts necessary 
to set it up. First, the development process is much more complex than the previous one. A lot of 
resources need to be deployed to set it up, since instead of working exclusively on the 
technology, the company’s employees will also spend time on integrating the market needs. The 
employees need time before the flow becomes optimal, and the change means that people need 
to change their behavior as well to embrace the framework. Second, the success of the 
framework depends on the commitment of the customers to the focus groups and the workshops. 
Making the customers take part in those activities is not simple as it is translated for them by a 
lot of time spent, despite the fact that they would benefits from it. 

Thus, the suggested framework would achieve both the integration of customers and the 
possibility to innovate more radically to foster innovation in the development of coolers.  

5.4 – Conclusions 
This thesis project has been centered on several areas of investigation matching the four research 
questions. 

First, the study of patents has manifested the relevance of patenting an incremental innovation. If 
the value added by the technology to the cooler is high enough to offset the additional spending 
it requires, a patent is relevant. Besides, the cooler environment is supporting the use of patents 
because of the intense rivalry of the competitors and the need to differentiate. The first research 
question is therefore answered positively, unless the value added by the patent is so low that it 
brings no competitive advantage. 

Then, the interviews performed with eight companies have uncovered the customer needs along 
with market trends. A simple ranking based on the trends, the health of the market and the 
significance given by the interviewees to the needs has shown that the customers are asking for 
better performances and better prices. Very few unexpected needs came out of the interviews. 

The analysis of the integration of the customer needs led to the conclusion that some 
improvements can be made to solve the shortfall of incorporation of the market aspect. Indeed, 
the customer needs are not perfectly taken into consideration for mainly two reasons: one 
internal, and one external. Internally, the structure linking the various entities is very complex, 
which leads to difficult communication and wasted resources. Externally, the interviews have 
revealed that the customers do not have any special wish to improve the coolers, and seem 
unaware of what could be done to innovate. 

Finally, the need to balance better the market pull and technology push approaches has been 
highlighted, as well as the fact that incremental innovation for coolers is likely to become 
inadequate. Those gave grounds for a suggested framework based on the product 
commercialization method of the innovation strategy employed by the company, which revamps 
the early stages of the development process and aims at answering the fourth research question. 
It relies on three sources for innovation: market-driven concepts, technology-driven concepts and 
hybrid concepts, which incorporate the two perspectives.  
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On the whole, this thesis project has successfully applied an explorative method to answer the 
research questions. The stakes of the integration of innovation in the development of coolers 
were uncovered, and a method was suggested to make the development more innovative. 
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6 – RECOMMENDATIONS AND FUTURE WORK 
This section states the recommendations to the company and ascertains what could be achieved 
in the future to go further into details, and validate the thesis.  

 

 

6.1 – Recommendations 
This thesis project has been focusing on the development of coolers, topic previously 
unaddressed. Consequently, it led to findings that trigger recommendations directed to the 
company. 

The first recommendation intended for the company is to improve the integration of the market 
perspective in the development of its coolers. Although it aims at combining the ‘customer input’ 
with the ‘technological intelligence’, to use the terms of the innovation strategy, the empirical 
observations showed a lack of involvement of the customers. To prevent this, an improved 
communication channel would enable an easier transfer of information between the engineering 
entities of the company and its customers.  

Additionally, the current environment is not stimulating radical innovation to a great extent. 
Because all the competitors remain restricted to incremental improvements, a massive 
competitive advantage would be won if radical innovation affected the cooler. However, no 
magical formula exists to develop more radical innovation; the concept of a cooler could be 
entirely rethought.  

Quite obviously since it was its purpose, the main suggestion to satisfy those two 
recommendations is the implementation of the suggested framework in Figure 18. Maybe a bit 
complex at first, and requiring some time before efficiently used, it is believed that it would lead 
to more innovation in the development of coolers. 

It is also believed that the creativity level of the company could be improved. Because the 
engineering department is currently dedicating all its resources to the development of the current 
coolers and the fulfillment of the specification, very little time is spent on the design of the 
coolers of tomorrow. Of course some projects aim at improving the coolers in general, but there 
are no activities trying to come up with innovative solutions. Organizing idea generation sessions 
and having time to quickly develop concepts are avenues worth exploring. 

Finally, the market analysis should be used to target market segments and customers located in 
areas whose growth is expected to be the highest.  

6.2 – Future Work 
The explorative approach of this thesis project has exposed the stakes of the development of 
coolers and innovation. Generally speaking, more conclusive research should be performed to 
draw actual conclusions on this work, and to study in depth the findings of this thesis.  
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The suggested framework needs some testing and refining to confirm its effectiveness in 
improving the development process by fostering the market pull perspective and radical 
innovation.  

The interviews have not come up to the expectations. Different methods of the hidden need 
analysis, such as focus groups, observation or contextual interview, could be implemented as 
data collection method. Indeed, better identified needs would enable a more targeted 
development.  

Besides, although it was brought up in the interviews by the researcher, the ‘connected cooler’ 
was not something that was studied in details. With the increase of sensors and other 
technologies to monitor and control products, it can be expected that in the future such trends 
could affect the cooler industry. The treatment of the data with real-time control could improve 
power consumption, lifetime notably and requires additional work. 

This thesis has shown that little innovation has been affected coolers, and that customers don’t 
have special needs, making coolers a commodity product. The current situation makes 
breakthrough innovation rather unlikely, regarding the cooler in itself. Although product 
innovation is limited, service innovation could lead to a competitive advantage, and its thorough 
study would be necessary.  

Ultimately, it has been suggested that the early stages of the development should be approached 
differently. A thorough inspection of the integration of market pull and technology push theories 
in the front end innovation, stage that precedes the actual development process, is recommended 
to understand how it affects the rest of the development and the innovation.  
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APPENDICES 

A – Interview Guide 
NB: this questionnaire was not provided to the interviewees, but was used to have a basic 
structure of the interview, and to ensure that every aspect was addressed. Some questions do not 
apply to all interviews depending on the context. 

Introduction: 

‐ Description of my work at Parker, that it will result in a paper that will be provided to 
Parker to help develop better coolers. 

‐ Do you want to keep that information confidential, or are you okay with the name of the 
company being written down on the final paper? 

‐ Can you introduce the company? Business, applications, markets, competition, clients… 

 

The coolers: 

‐ What kind of cooler is used? What fluid is cooled? 
‐ Volume of the coolers? 
‐ How are the coolers integrated in the system in which they are used? 
‐ How are they used? On/off?  
‐ How is the environment? Dust, vibrations, temperature, corrosion…? 

 

The needs: 

‐ What is important for you in a cooler? 
‐ If the interviewee does not approach those topics, discussions about:  

o noise (requirements, how it is measured, maximum) 
o cooling performances (by how much do you want to improve them?) 
o pressure drop 
o burst pressure (is the pressure fluctuating?) 
o corrosion 
o maintenance (how often is the maintenance carried out?, how often is there a 

malfunction? What is the cause?) 
o lifetime (for how long are those systems used) 
o price (how much reduction do you want?) 
o space (how stringent is this requirement?) 

‐ Could you rank the five most important criteria? 
‐ What do you want from a cooler manufacturer (flexibility, supply…)? 
‐ What could significantly change coolers? Do you have ideas to improve the coolers? 
‐ Would you be interested in an entire system from Parker? 
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The users: 

‐ Do they have any feedback? 
‐ What are they complaining about? 
‐ What do they want to change? 

 

Trends: 

‐ How will the market evolve? 
‐ What will change in the use of coolers? 
‐ Will there be any alternatives? 

 

Conclusion: 

‐ Anything to add? 
‐ Thanks for your time! 
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B – Interviews 
Wind Power 

Interviewee 

The company interviewed is not directly a manufacturer of wind turbines, but is providing 
advanced integrated systems to those manufacturers. The company interviewed wished to keep 
its privacy, and its name is therefore not mentioned. The manager of the cooler division was the 
person interviewed. 

The interview was by phone call. 

Use of Coolers 

Coolers are used in three distinct parts of the wind turbine. 

One, or most of the time two coolers are integrated in the gearbox cooling. The gearbox, located 
in the nacelle of the wind turbine, whose purpose is to change the rotational speed of the rotor to 
the generator, is subject to high mechanical stress. Therefore, the gearbox cooling system 
reaches 75 kW to 100 kW. The fluid circulating in the coolers is oil, with high viscosity, and the 
flow is of between 170 and 250 L. Thus, to prevent any malfunction, two bypasses are 
integrated; one based on the temperature, the other one based on the pressure of the oil. The 
cooler(s) is (are) located on top of the gearbox, next to the pumps. 

The converter aims at converting the electrical power into different voltages and currents. 
Depending on the manufacturers, the converter cooling system can be located either in the 
nacelle, or in the tower. Water glycol is the fluid cooled down in this cooler, and the power of 
the entire cooling system is around 20 kW to 25 kW. The fluid flow is around 60 to 100 L. Some 
of the manufacturers have corrosion requirements, some other have not. 

The generator takes care of the change of mechanical power into electrical power. A cooling 
system is added for the generator only for big wind turbines, whose power is above 2.5 kW. This 
cooler is a passive cooler, which means that it only consists of a matrix situated outside the 
nacelle, and the fluid is water glycol. The air flow is generated by the wind instead of the fan. 
The corrosion level is very high for this application, because it isn’t inside the nacelle.  

 

The coolers in the wind turbine start when the temperature of the fluid reaches a threshold. 
Because the blades do not rotate with a wind too low or too high, the moving parts do not need 
cooling, and consequently the use of coolers indirectly depends on the wind conditions. Many 
start and stop can happen, which have a negative effect on the lifetime of the coolers. When the 
rotor is not turning, a heater is used to maintain the oil at 40 degrees not to damage too much the 
various components. To limit the power consumption, they sometimes use variable speed motors 
for the coolers. The exact cycle conditions, including the number of cycles their length and their 
frequency, are unknown, because the information is retained by the manufacturers. That is a 
critical information that could help increase the lifetime of the products. 
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The Needs 

Several distinct needs have been underlined in this interview. 

The most important one is the improvement of the cooling capacity, while maintaining the same 
area of the cooler and the same pressure drop. The efficiency is what most of wind power 
customers ask when buying coolers, however the need is not quantified. The customers are 
asking for new internal elements of the matrix. 

The second most important need is the reduction of the noise of the cooler. The noise is mostly 
caused by the fan and the motor. However, reducing the speed of the fan leads to a reduced 
airflow and therefore to worse cooling capacities, which is not worth considering. Nowadays, a 
wind turbine should not exceed a sound power of 105 dB, primarily for locations where 
inhabitants or cities are close by. Yet, currently in some cases the wind turbines are above that 
limit. One of the main issues nowadays is the conditions in which the tests are performed. When 
tested in house, the coolers are relatively quiet, but when the sound power is measured in 
practice is it much higher (around 10 dB) because the entire structure of the wind turbine is 
affected by the coolers (vibration, air flow...). The noise is harder to reduce for the fan of the 
gearbox than for the rest of the coolers. 

The customers have the need to have coolers that resist better to corrosion. The corrosion affects 
both the inshore and the offshore sectors. Passive coolers, outside the nacelle are obviously more 
subject to corrosive environment. 

As the interventions are often done by helicopter, the maintenance for the offshore is a big issue 
as it is very expensive. The goal is not only to reduce the number of times maintenance is 
required, but also the time spent to actually do the maintenance. This is a significant problem for 
the manufacturers. Lifetime is therefore essential, but having an easy maintenance is actually 
more important, as the manufacturers prefer changing a bit more often the parts if the 
intervention time is shorter. The maintenance is usually planned in advanced, but sometimes 
when there is an unexpected malfunction an intervention has to be organized which is very 
costly. Currently, 10% of the time when the wind conditions are good, the turbines are not 
turning because a part has to be changed or fixed.  

Obviously, the room available in the nacelle is very limited and therefore the size of the matrix 
needs to be as small as possible. Special coolers are sometimes needed to fulfil the space 
requirements. 

The price constraints for the coolers are forceful. The customers want a 20% reduction of the 
price of the entire system, and such a decrease is also expected for the coolers. The strategy used 
to achieve this goal is to reduce the size and performances of the different parts. 

Because the fluid used is water glycol for the converter and the generator, the low viscosity 
implies that the pressure drop is not a great concern. Nevertheless, the gearbox uses oil and for 
this application the pressure drop is not negligible, and the customers want is reduce by around 
20%. 

Dust is another small issue that needs to be solved. At the moment, some of the manufacturers 
are using filters, but that requires additional airflow in the nacelle, and hence extra fans, 
increasing the complexity and the cost. 
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While one can believe that the severe conditions in the nacelle might negatively affect the 
components, there is no evidence that the vibrations are actually damaging the coolers. 

The working pressure for the water glycol coolers is limited to 5 bars, way below the burst 
pressure of the used coolers (14 bars). However, for the oil coolers used in the gearbox cooling 
system, two bypasses are implemented to prevent their burst, one internal (6 or 8 bars), and one 
external (10 bars). Because the fluids are heated in the wind turbine, there are no problems when 
starting the coolers. So increasing the maximal pressure is not a significant need in this market. 

 

Future Trends 

The lifetime of the products is a very crucial aspect for the future of coolers. Twenty years is 
expected for the lifetime of the components in a wind turbine. Currently, the warranty is only of 
two years, while the will of the customers is to extend it to five to seven years or even ten in 
some cases, depending on the manufacturer. A lifetime of 1 000 hours is possible for passive 
coolers, located outside. However, a big issue is preventing the warranty to be extended: the 
manufacturers refuse to give data about the lifetime of the various components inside the wind 
turbine. 

Passive coolers, that use the wind as an air flow, are expected to become more and more 
important in the future. Gearbox cooling systems will sometimes use such coolers. It will 
simplify some of the problem, because there is no fan and motor anymore. The need of matrix 
for passive coolers will therefore be significantly higher. 

The offshore market is expected to grow from 10% to 20% of the entire wind power market. 
This increase is to be shaded, because inshore will have by far the most numerous wind turbines, 
yet the wind turbines of the offshore sector are notably more powerful. 
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Scania Engines 

Interviewee 

This interview has been conducted at the engine division at Scania. The interviewee was a lead 
engineer that knew coolers very well.  

At this division of Scania, they sell only engines to customers for many different applications, 
such as industrial, marine, agriculture, boats... The competition is very strong, Scania is in the 
top 4 manufacturers. 

The interview took place in Södertälje.  

Use of Coolers 

Depending on the customer, they can deliver the motor alone, or the motor along with one 
cooler. The first case is relatively rare (around 30%), because the customers generally prefer 
purchasing the motor with the cooler, but in some parts of the world they never do. When it is 
not the case, the customers have to choose the coolers themselves. Scania’s goal is obviously to 
reduce those 30% to 0% and deliver a cooler all the time, but sometimes their customer’s needs 
are very special, and it is difficult to satisfy these needs so they let the customers choose the 
cooler that fulfills best their needs.  

All of the engines they sell are adapted to the customers’ demand, which can be very different. 
Scania recommends the use of certain coolers depending on the engine, but it’s up to the 
customers to actually decide. 

The vast majority of the coolers are side by side coolers: water glycol on one side, air for the 
charger on the other side. They mainly have 6 different coolers (different size, roughness…) with 
around 500 units a year by category. 

Most of the fans are attached to the engine shaft, so they always are spinning when the engine is 
working. As a consequence coolers in these cases always switched on when the engines starts.  

Some other ones, more rarely though, adapt to the temperature of the fluid. The optimal working 
temperature is between 85°C and 95°C; at 90°C the fan starts rotating, and at 92°C the fluids 
start circulating in the matrix. 

 

The Needs 

The most important characteristic of coolers for Scania Engines is the quality. Scania uses to 
review its suppliers, which need to be approved to be part of the Scania products. They rely a lot 
on quality, so they make sure that the quality of each one of the components respects the norms 
of quality. Lifetime is also important, part of the quality concern. Coolers are of course covered 
by these stringent requirements, which explains why often the decision not to include a cooler 
whose performance in the application is unknown is made. 
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Price is very important, the second most important criteria. Coolers are sometimes imported from 
Brazil, and the cost of transportation is high. 

Third, Scania has an important need of a good supply ability of the cooler supplier. It has to be 
able to be flexible to provide different volumes of coolers, and also different models of coolers. 

Scania insists on the importance of the performance, that coolers have to work. 

Given the diversity of applications of diesel engines, not only one type of cooler is needed. 
Scania therefore needs a cooler supplier that could be able to deliver a very large range of 
coolers with diverse features. 

Those five aspects have been identified as key points. Nevertheless, others are also to be 
considered. 

The space requirements are quite strict, because the cooler shouldn’t be bigger than the engine 
itself. The constrains are the height and width, but the depth actually doesn’t really matter. 

In some applications in the industrial sector dust can be a significant issue. To solve it, some 
customers use two ways fan to blow the dust away. Given that often the fans are connected to the 
motor shaft, it is rarely a possible solution though. The coolers of stone crushers are damaged by 
stones hitting them. Another example where the environment is impacting severely the coolers is 
sugar harvesters. Sugar cane being very sticky, every two weeks maintenance is required for the 
entire machine, decreasing the productivity. Besides, clogging is an issue in some of the extreme 
condition applications. Those customers often are surprised by this phenomenon, they expect the 
coolers to work perfectly all the time. 

 

The noise is not a great issue, the interviewee said that maybe it could be on certain market but 
the customers haven’t complained about that. 

As long as the coolers work, their actual performances are not a point of concern for Scania. To 
make it simple, Scania tries to use as few coolers as possible for the entire range of engines, 
which includes a lot a different engines. It means that in some cases the coolers are not the 
optimal ones for the considered application, but to control the quality and limit the number of 
coolers used, they still prefer this approach. Usually, the difference of temperature between the 
output and the input is 7°C, which is one they are satisfied with. However, it happens that come 
customers are unhappy with the cooling performances because they place the coolers in special 
environment that affect their actual performances, such as a warm environment that limits the 
cooling effect. 

The pressure drop of the coolers is as well not a great concern for Scania Engine. For the 
turbochargers, the pressure drop is defined by the charger itself, so the cooler has simply to 
respect this requirement which is not that difficult. To work in optimal conditions, the pump 
needs some resistance, so it is not necessary to work on that. 

The pressure of the fluids is around 2.5 bars, and does not exceed 5 bars, so the burst pressure is 
not reached. 
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Because the coolers are in aluminum, corrosion is not a problem. Yet, in some applications, the 
coolers used are marine coolers. It also happens that in boats the customers use sea water 
circulating in pipes to cool down the oil.  

Future Trends 

To have a better flow in the engine, the pressure of the oil is expected to rise to 3 bars. That trend 
is however not a threat, the burst pressure of the current coolers being quite higher than this 
value. 

Because the customers are complaining about not having all the time a cooler with the engine, it 
is likely that in the future all of them will be equipped with one. 

Electrical and hybrid systems are replacing diesel engines, this change is occurring quite quickly. 

Besides, the volume of coolers is expected to increase a little, delivered all the time with the 
engines. 

 

  



69 

 

Sund Birsta 

Interviewee 

Sund Birsta is a Swedish company selling different machines such as rolling mills, and machines 
to transport the coils, to customers all around the world. Those customers are mainly in the steel 
industry, and they manufacture around 100 machines a year. 

Sund Birsta has two or three important competitors. 

Three different employees were simultaneously interviewed at Sund Birsta. They were not expert 
in coolers, but still had good understanding about their use. They had been working for quite a 
long time at the company, and were respectively working with the binding machines, the 
strapping machines, and the strap sealing machines. 

The interview was conducted in Sundsvall. 

Use of Coolers 

There is one cooler per machine produced, which leads to approximately 100 coolers a year. 
They are buying around one fourth of their coolers from the company at which this thesis has 
been written. 

They use two different types of coolers. For 90% of the compactors, they use water coolers. For 
binding and strapping machines, air is chosen to cool down the oil, even though it is sometimes 
around 60°C.  

The environment in which the coolers are used is often dirty, and there is a lot of steel dust. 
When it is dry, that dust is usually not a problem as it doesn’t stick to the coolers. 

Coolers are switched on when the temperature exceeds a certain threshold. They estimate at 50 
the average number of start and stop cycles. 

 

The Needs 

By very far, their first criterion when they buy the coolers is their quality. They want a very long 
lifetime, along with a first-class durability, because the maintenance is very expensive. Indeed, 
when it is needed to conduct maintenance, they have to send someone from Sweden to a factory 
that can be at the other side of the planet. They deliver products with warranties, that are one or 
two years long, but the machines are used for up to 20 years. Even when the warranty is finished, 
the customers are often asking Sund Birsta to help them repair the damaged parts. This factor is 
so important that they are willing to pay more for an improvement of the quality. 

Their second most important need is the price of the cooler. They didn’t give any actual figure 
about their expectations about that price, nonetheless. 

Third, they consider the delivery time of the coolers a key aspect. They expect the coolers to be 
delivered shortly, not when manufacturing the machine, but when maintenance is needed. Their 
customers are asking for fast repairing, and might switch to a competitor if Sund Birsta doesn’t 
fulfill this requirement. Issues requiring the intervention of the maintenance are not that frequent 
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for coolers, but when happening they make the entire production stop which is very problematic. 
The best of their customers are cleaning manually their machines twice a year, but this is not the 
standard procedure. 

The need coolers that are smaller, to integrate them better in their systems. They didn’t mention 
by how much they want the coolers to be smaller. 

Finally, the fifth most important need is the noise of the cooler. It usually is not such a major 
issue, because the environment is already quite noisy, but they still are interested in 
improvements. Their customers usually demand 82dB for the entire system.  

In addition to those product needs, they are wishing for a better technical support. They would 
like to be able to download 3D files to integrate them in their development as early as possible. 
Second, they would like some sort of configurators to help set up the coolers. Third they would 
like to have technical forms that would suggest a cooler when they give the numerical values. 

 

Future Trends 

According to the interviewees, entirely electric systems might become the standard instead of 
hydraulic systems. That would make the use of coolers irrelevant.  

Generally speaking, the steel industry is not going very well, and they expect difficulties in the 
next five years, despite relatively stable sales at the moment. 
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Valmet 

Interviewee 

Valmet is a company manufacturing equipment for the pulp and paper industry; those two 
markets being roughly half of their customers. 

Valmet has only one main competitor. 

The interviewee was a product design engineer, not especially working with the coolers that’s 
why not many figures have been provided. 

The interview was conducted in Sundsvall. 

Use of Coolers 

They use only two different types of coolers, associated to two different hydraulic units. They 
have been using the same ones for quite many years. The vast majority of them are air-oil 
coolers, apart from rare customers asking for water-oil coolers, more complicated to implement. 
The pressure of the oil flowing in the matrices is between 10 and 20 bars, but remaining very 
stable. 

In the same way as the other interviewees, the coolers are starting when the temperature of the 
oil is over a certain temperature (44°C), while a heater maintains the temperature at at least 
36°C; the optimal working temperature being 40°C. 

Depending on the coolers and their environment (warm countries have a different need for 
cooling), some are on most of the time, others not. 

The Needs 

Lifetime is a very important aspect of the coolers. The machines can be used for up to 50 years, 
and the warrant is usually of two years. Therefore they want coolers that are able to work for as 
long as possible. 

Moreover, they want smaller coolers. Because they are too big for them at the moment, the 
coolers are situated on top of the hydraulics, which generates a lot of vibrations. 

Third, they want, quite obviously, cheaper coolers. It was not specified by how much though. 

Delivery time is something they would like to be reduced. 

Future Trends 

Some of Valmet’s customers start to mention the possible change from hydraulic to electric 
motors. Pneumatic machines are likely to replace hydraulic ones, at least for the small ones. The 
big machines, where a lot of power is required, should remain hydraulic. 
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Hägglunds 

Interviewee 

Hägglunds’ main activity is the manufacturing of hydraulic motors along with power units. 
Those motors have a very low rotational speed (5 to 58 rpm), associated with an outstanding 
torque (up to 2.1 million Nm). 

Two people were simultaneously interviewed: one employee from the purchasing department, 
and one design engineer. 

The interview was conducted in Örnsköldsvik. 

Use of Coolers 

Usually only one cooler is associated with one motor, but sometimes two of them can be 
implemented for the same motor, for instance when the conditions are harsh (the temperature of 
the room can reach 40°C or 50°C). Around 150 motors are manufactured a years, but the market 
is quite low at the moment. All of the coolers are located outside the power units. 

The coolers are either air-oil or water-oil depending on the application, and the possible 
availability of water; and 22 different coolers are utilized in the entire product range, all the fans 
being powered by an electrical motor. As most of the coolers, they are switched on when the 
temperature of the oil goes over a certain limit; and the number of start and stop cycles is rather 
high. The pressure in the coolers, optimally at 8 bars, is not stable and can vary a lot, sometimes 
up to 25 bars. 

The entire systems can be indoors or in open air, and in the latter case the dust problem is real. It 
can also be dusty. Sometimes corrosion is an issue for marine environment. Because the coolers 
are occasionally on top for the small power units, they might undergo vibrations. 

They offer a 2 year warranty with their products, but often take care of the repairing once the 
warranty has expired. Their machines can live up to 20 years depending on the pressure at which 
the motors are working. 

The Needs 

Their dominant need is to reduce the price of the cooler, the most important one. They are 
working really hard to reduce the price of their products. 

Their second most important need is the improvement of the cooling performances. Although 
they are satisfied with the current cooling performances, they are hoping for better ones. Yet, 
price is much more important; they are not very interested in an improved cooler with a higher 
price.  

Because of the quite high pressure, there have been some leakages mainly in the matrix, and 
sometimes the coolers have to be changed. Consequently, the lifetime of the coolers is of 
concern for Hägglunds. 

Hägglunds is strongly relying on the quality of its products. They have the best quality possible, 
but at a slightly higher price, and thus need high quality coolers. 
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Additionally, they could be interested in a low noise solution for some of their customers, even 
though the price increased. The requirement is most of the time 85dB, and the pumps are the 
noisiest components. Ideally, they would like to have two options when buying the coolers: a 
cheap cooler for ’standard’ noise, and a low noise solution, a bit more expensive. The rare 
complains they get from their customers are regarding the noise level of their motors. 

Finally, the delivery time of the coolers could be improved. 

Future Trends 

Some of Hägglunds’ sales markets are going well, other not, but on the overall, given the number 
of different possible applications, the hydraulic motors should remain in a quite stable position. 

They expect the coolers’ specification to remain the same in the coming years. 

Unlike other interviewees, electrical or pneumatic motors are not a threat to them, because 
hydraulic motors have a better lifetime, and the space needed to implement them is much smaller 
(no need of a gearbox). Consequently, there still should be a need for coolers. 
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MacGregor 

Interviewee 

MacGregor, subsidiary of Cargotec, manufactures cranes for marine application. Their customers 
are boat manufacturers, and only hydraulics are used for the entire cranes. The cranes are quite 
impressive, and can lift up to 200 tons. 

The interviewee was a designer, who knew coolers well. 

The interview was conducted in Örnsköldsvik. 

Use of Coolers 

The same cooler is used for all the cranes, regardless of their size and power. The difference is 
however the number of coolers used per crane: only one cooler for the small cranes, and up to 
four coolers (in parallel) for the big cranes. Around 600 coolers a year are used. Those coolers 
are directly located on the roof of the cranes 

That cooler is an air-oil cooler. Because of the proximity of the sea water, one might think that 
water could be used, nevertheless this is not possible to implement because the pipes containing 
the water could not go along with the rotation of the cranes. 

The cranes, and hence the coolers are basically used only in the harbors. The coolers are turned 
on when the temperature goes over 40°C. Often, the coolers are always on, but it of course 
depends on the temperature outside. The pressure inside the coolers is quite low and stable 
except when starting them when it can reach 10 bars. 

Because of the sea, the environment is very corrosive; but there are not so much vibrations. Even 
if the coolers are very high on the crane, there can be a lot of dust. For example, some cranes 
happen to lift coal, and additionally the exhaust smoke of the boat can affect the cooler. 
Moreover, the temperatures vary a lot, for instance boats go from Alaska to Panama, which 
makes it hard to have constant working conditions. 

The Needs 

The first need they have expressed is the increase of the cooling capacity. Despite their admitting 
that those cooling performances are correct, they wish to have better ones. 

Because the coolers are in a marine environments, corrosion is a serious problem. They don’t 
have so many problem with it though, their customers don’t report any significant issue with the 
cooler being corroded. 

Price is the next of their needs. They are satisfied with the current one, but wish to have better 
prices in the future of course. 

Despite the fact that the coolers are located outside the crane, and thus the space available is big, 
they want the coolers to be smaller. The height is not a problem, but it would be beneficial for 
them to have the width and the depth reduced. 
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Future Trends 

The cranes are growing bigger and bigger. That means that more and more coolers will be 
needed per crane if their performance is the same as currently. 

The oil prices affect a lot the marine market, and at the moment the market is very low. In 
addition to that, the competition gets tougher, and MacGregor has difficulties to compete 
because of the high price of their products. 

In the future, there will probably be more electric cranes. Cooling will still be needed, but the 
number of coolers is expected to slightly decrease. 
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Atlas Copco 

Interviewee 

Atlas Copco is a Swedish company manufacturing construction and mining equipment. The 
interview took place at the mining department. They divide their activity into three sub 
segments: drilling, material handling, and utility.  

Their main competitor is Sandvik on a global scale, but there are competitors on the local 
markets as well. 

Two employees were interviewed, design engineers from the drilling department. They were not 
especially working with the hydraulics, but knew a lot of things of the entire machines. 

The interview was conducted in Örebro. 

Use of Coolers 

Most of the coolers they use are side-by-side coolers, where two or three fluids are cooled down, 
depending on the considered machine. Because the machines are very modifiable, with add-ons 
options, etc.… the customers adapt the machines to their needs and basically each machine is 
different. So the needs for coolers vary a lot and each order is different, resulting in very 
different coolers. The pressure of the fluids vary little, and in general there are not so many 
dynamic phenomena.  

The coolers are always on when the engine of the various machines is on. They chose not to 
implement variable speed motor because of the cost of such a motor, which would be three times 
more expensive than the current motor. It varies a lot depending on the actual user, but on 
average, coolers are switched on and off around 25 times a day. 

The working conditions being very harsh in the mines, the customers have a high acceptance of 
breakage. The warranty given by Alas Copco to their customers is two years. There are a lot of 
vibrations, that can damage the coolers. That’s why dumpers are used to absorb those vibrations; 
whose position and umber vary a lot depending on the customers’ requirements. 

The motors are all hydraulic. They do not use two ways fans because they would require more 
components, and prefer cleaning them manually. 

The Needs 

According to them, highlighting needs is quite hard as every machine is different and has 
different requirements. 

The price is the main need they have expressed, as Atlas Copco really want to lower down the 
prices of the whole machines, internally. No exact value was provided. Usually, when choosing a 
cooler supplier, they select the best three suppliers regarding the quality and then chose the one 
that is cheaper. 

Their second need is a good communication with the cooler supplier, along with advanced 
technical knowledge to integrate fast the coolers in the development process. They value a lot 
suppliers with which they can easily interact and that are competent. 
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Quality is the third most important characteristic when choosing a supplier for their coolers. That 
quality is not only the quality of the cooler, but also the quality of the service provided by that 
supplier. For example, the insisted on the delivery time. Moreover, they want to understand the 
products they are buying. The Atlas Copco is based on the quality of their products, which 
explains the importance of that need. 

The fourth requirement is the space taken by the cooler. Because the machines are very complex, 
there is a high number of various components that take a lot of room inside the hood. A smaller 
cooler would be something very valuable to them. All the dimensions of the coolers are 
important to them, not only the main area, but also the thickness. Depending on where they have 
to set up the cooler, they have different space requirements; they can’t change the dimensions of 
the machines to adapt to the coolers size. For instance a lot of tunnels are very small, and there 
are regulations about the size of the machines. One of the consequence of the space requirement 
is the change of the location of the cooler’s connectors. 

To have coolers resistant to corrosion is quite important, and the smaller parts are more affected 
by this, such as the air fins of the coolers. 

Having better cooling performances could be interesting to them. Yet they are satisfied with the 
current cooling capacities of the coolers. 

Future Trends 

The market is very stable at the moment, according to Atlas Copco. 

One the main trends is the increase of the size of the coolers, which is contradictory with their 
needs. That means an improvement of the cooling capacities. 

Electrical power has been tried out for their machines, but the bad reliability prevented them to 
seriously consider it for the future.  
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EcoLog 

Interviewee 

EcoLog is building forestry equipment, namely harvesters and forwarders, respectively cutting 
down the trees and transporting the logs to the closest road. Around 120 machines are produced a 
year, compared to between 3000 and 4000 machines on the entire market, and sold in Europe, 
Russia, Australia mainly. They have a lot of different customers, the can buy from 1 to 20 
machines. 

Recent company, they have many competitors. The two biggest manufacturers of such 
equipment are John Deere and Komatsu, which gathered represent half of the market. 

The interviewee was the head of design at EcoLog, and knew very well all the requirements 
related to the coolers. 

The interview was conducted in Söderhamn. 

Use of Coolers 

Only two coolers are used, one for the harvesters, one for the forwarders. This choice of having a 
limited number of coolers is to simplify the development of the machines, and the after-market 
activities.  

The coolers are side by side coolers, with three different fluids: air, water and oil. There is also 
an AC condenser for air conditioning located in front of the matrix. 

The coolers are always on when the engine is on. The fan, a pulling one, is mounted on the 
engine, and with a smart use of magnets the speed of the fan can be slightly adjusted. There are 
very rare stops, and usually the coolers are on for close to ten hours nonstop. Compared to many 
of the other interviewees, the coolers are not activated by the temperature of the oil. 

Moreover, the temperature of the oil is fluctuating a lot, very warm when a tree is cut, quite low 
otherwise. The consequence is very irregular needs for cooling, between 50 and 170 trees being 
cut by the harvesters. When the oil is too cold and therefore has a high viscosity, they use a 
bypass to prevent the burst of the cooler. The pressure is also oscillating a lot in the coolers. 

There is often a lot of dust, and sawdust obviously. However, the severity of the dust on the 
coolers depends on several factors: the type of tree, and also the time of the year: with humidity, 
pollen and other natural dust can affect the dust and make is close to some kind of glue. The 
users don’t use any special treatment, but often use degreaser. Using a two ways fan doesn’t 
work because the dust is too sticky to be removed with air. And it would need a more complex 
fan. The cleaning should be done by the customers as often as possible, with hot and high 
pressure water, but it is often not the case. The dust is affecting negatively the cooling capacity. 
Besides, it is often needed to change the cooler because of the dirt damaging the matrix. 
Depending on how often do the customers clean their machines.  

There are not so many vibrations, because of the flexibility of the frame of the machine.  

Around the machines, there is a 10 meters radius where the temperature gets very high because 
of all the heat generated by the machines. This affects the cooling capacity as well, less heat 
being exchanged between the air and the fluids. 
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Usually, the machines are used by one single user for 12 000 to 17 000 hours, which correspond 
to 3 to 4 years. A warranty is provided with the machines. 

 

The Needs 

Their first need is the performances of the cooler. They think however that the performances are 
decent.  

Their second need is the space taken by the cooler. They want bigger cell size, for reducing the 
dust problem, which increases the size of the cooler. Currently the main area of the cooler is the 
biggest they can go with, and they would like the coolers to be thinner. 

Those two needs are connected, the better cooling performances enabling the designer to reduce 
the size of the cooler for the same performances.  

The third need is mechanical flexibility. The hoses are complex to connect, and to fit together 
with the frame, mainly because there are three different kinds of fluids. Having the possibility to 
optimize this would be very interesting for EcoLog. 

Price is the next of want EcoLog want from the coolers. However, when comparing price and 
performance they have a strong preference for performances. 

They are interested in a lower noise cooler, even though the noise of the machines is quite good 
right now, the fan not being used at its maximum power most of the time. It sometimes gets 
worse for the forwarder because the fan is closer to the cabin, up to 90dB inside the cabins. 
There are no regulations to limit that noise, but a good level of noise would be 65 dB in the 
cabin, and EcoLog is at the moment working on developing insulation to get closer to that level.  

The pressure drop is also an area of concern, and it would be advantageous for EcoLog to have a 
lower pressure drop in the coolers. If that change was significant enough, they could get rid of a 
bypass and the extra pump. 

What is important for them when considering a cooler supplier is the good communication that 
has to be quick, along with a good technical knowledge. On top of that, they obviously want to 
reduce the lead time. When developing they are few engineers, that can be behind, so a short 
lead time is a huge plus for them. On the overall, this is not usually a big issue, because EcoLog 
has a good forecast of the production, something like one year. They have a couple of spare 
parts, but their use is expensive, and they are sometimes hard to trace.  

Future Trends 

The growth of the forestry industry is varying a lot, going up and down with the rest of the 
industries; and at the moment, it is going quite well.  

They also expect a higher efficiency of the engines in the machines, because only 50% of the 
power of the engine is used at the moment, by a smart use of hybrid technologies. Besides, 
engines are believed to grow smaller. The pressure level in the pipes is likely to increase, along 
with the performances that have also been increasing for a long time. 
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Electrical systems could be the future for the forestry industry, but that technology is too 
expensive at the moment.  
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C – Ranking of the Needs 
Weights of the Health of the Markets 

 Wind Power 
Company 

Scania 
Engines 

Sund 
Birsta 

Valmet Hägglunds MacGregor Atlas Copco EcoLog 

ℎ𝑖𝑖  4 4 1 3 3 2 3 4 

Table 6: Weights of the health of the markets 

Where: 

‐ 1 is strong increase of the need for coolers; 
‐ 2 is low decrease of the need for coolers; 
‐ 3 is stable need for coolers; 
‐ 4 is low increase of the need for coolers; 
‐ 5 is strong increase of the need for coolers. 

 

Weights of the Significance of the Markets 

 Wind Power 
Company 

Scania 
Engines 

Sund 
Birsta 

Valmet Hägglunds MacGregor Atlas Copco EcoLog 

𝑚𝑚𝑖𝑖 3 1 1 1 1 2 2 1 

Table 7: Weights of the significance of the markets 

Where: 

‐ 1 is low significance market; 
‐ 2 is medium significance market; 
‐ 3 is high significance market. 

This data has been provided by the company.   

Weights of the Ranks of the Needs 

Rank 1 2 3 4 5 6 

𝑟𝑟𝑖𝑖 10 8 6 4 2 1 

Table 8: Weights of the ranks of the needs 

The choice of the weights is arbitrary, but intends to depict accurately the rank of the needs. 
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Calculation of the Significance of the Needs 

Elemental Need Calculation Total Percentage Rank 
Cooling capacity 120+16+24+40+6+40 246 21.9 1 
Corrosion 72+32+12 116 10.4 4 
Flexibility 24 24 2.1 11 
Lifetime 30+18 48 4.3 7 
Maintenance 48 48 4.3 7 
Noise 96+2+6+8 112 10.0 5 
Pressure drop 4 4 0.4 13 
Price 12+32+8+18+30+24+60+16 200 17.8 2 
Quality 40+10+12+36 98 8.7 6 
Range of coolers 8 8 0.7 12 
Relationship 48 48 4.3 7 
Room 24+4+24+16+24+32 124 11.1 3 
Supply 24+6+12+3 45 4.0 10 

Table 9: Calculation of the significance of the needs 
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