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Abstract

Sales opportunities for solar collectors in industries

Peter Kjellgren

The intensifying environmental problems demand nations to take immediate action. 
The industry sector alone accounts for 54 % of the global energy demand (year 
2012) and the most common way for industries to get heat for its production, is still 
today by fossil-fuel boilers.

One promising renewable energy source, which has great potential in replacing 
fossil-fuel boilers, is solar thermal energy. In order to meet all climate goals, the 
Paris agreement for example, renewable energy resources like solar thermal energy 
will become crucial. 

Absolicon Solar AB is a Swedish manufacturing company, whose main product is 
the solar collector T160. The T160 is a heat water producing collector, which is 
suitable for integrating in industrial heat water processes for temperatures up to 160 
°C. One of the challenges the company faces, is to find suitable markets and 
customers to sell its product to. 

Two promising markets that Absolicon want to explore and eventually enter are the 
Food and Beverage market in Spain, and the District Heating market in Denmark. 
This study aims to give Absolicon a better understanding of these two markets of 
interest, in order for Absolicon to enter and direct the right value proposition of its 
product to the right customers. Thus two qualitative market researches were 
conducted, one for each market. Based on the results of the market researches, two 
business strategies were proposed respectively. Finally, a comparative study is 
carried out and relative conclusions are drawn.
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Populärvetenskaplig sammanfattning 
Ökad medvetenhet om de globala klimatproblemen har fått länder världen över att anta sina ansvar och 
skriva under Parisavtalet, 2015. Insatserna som krävs för att minska klimatpåverkan är många. Vissa av 
dem härrör den globala industrisektorn som idag är relativt energiintensiv. Stor del av industrins 
energikonsumtion används som värme i olika tillverkningsprocesser. En fråga som blir adekvat är – Hur 
industrins värmebehov som idag är fossilbränsle-beroende kan förändras? 
 
Absolicon solar collector AB är ett svenskt aktiebolag med säte i Härnösand som har sedan 2007 tillverkat 
solfångare som omvandlar solljus till både värme och elektricitet. Företagets mission är att förändra 
världens energiförsörjning med hjälp av sina unika solfångare. Till skillnad från traditionella plana 
solfångare bygger Absolicons solfångare på en teknik där solljuset koncentreras med hjälp av en 
paraboliskt formad reflektoryta till ett längsmedgående mottagarrör, i vilket man leder vatten.  
 
Deras senaste produkt, och den enda i nuvarande produktion, är solfångarmodellen T160. 
Solfångarmodellen är en enbart en värmeproducerande solfångare som lämpar sig bra att integrera i 
industriella hetvattenprocesser inom temperaturområdet 70 °C till 120 °C.  
 
Men det räcker inte med att ha en bra produkt. Absolicon måste hitta kunder att sälja till. Syftet med 
denna studie är initial att analysera två marknader som Absolicon vill sälja sina solfångare på. Dessa är: 
den spanska livsmedelsindustrin och den danska fjärrvärmeindustrin. Studien försöker bland annat svara 
på hur marknaderna ser ut, vilka aktörer som finns där och hur dessa interagerar med varandra. Vidare 
försöker studien svara på vilka kundsegment i dessa två marknader som är mest lämpliga för Absolicon 
att rikta in sig på med ett affärserbjudande.  
 
För att kunna analysera marknaderna har en kvalitativ forskningsmetod tillämpats där författarna har 
samlat in större delen av data genom semi-strukturerade intervjuer med marknadsaktörer på marknaderna. 
Utöver intervjuerna har material såsom rapporter, en enkät samt information på företags hemsidor använts 
som faktamaterial. Insamlad data tolkades mot kända teoretiska modeller för att på så sätt öka förståelsen 
om marknaderna. Baserat på marknadsanalyserna skapades affärsstrategier som kunde hjälpa Absolicon 
att bättre fatta beslut om vad de bör göra härnäst för att ta sig in på marknaderna.  
 
Resultatet av marknadsanalysen på den spanska livsmedelsindustrin visar på att marknaden är ännu 
ganska omogen. Inga tydliga mönster kunde identifieras för hur solfångarfält vanligtvis säljs på 
marknaden. Det bästa kundsegmentet för Absolicon att rikta in sin försäljning mot är slutanvändarna, det 
vill säga själva livsmedelsindustrierna. Eftersom marknaden fortfarande är omogen så bör Absolicon, ifall 
de vill ta sig in på marknaden, fokusera på att öka medvetenheten på marknaden om hur deras produkt 
fungerar. Utöver det bör Absolicon besöka marknaden, förslagsvis genom olika mässor för att träffa 
potentiella kunder och för att få en ännu bättre förståelse om hur marknaden fungerar.  
 
Resultatet av marknadsanalysen på den danska fjärrvärmeindustrin visar på att marknaden är mogen. 
Vissa experter hävdar även att den är den enda mogna fjärrvärmemarknaden för solvärmeintegration i 
Europa. Genom intervjuer med marknadsaktörer står det klart att det finns tydliga mönster för hur 
solfångarfält köps upp och levereras till fjärrvärmeföretag. De allra flest fälten installerade idag har 
levererat som nyckelfärdiga lösningar, vanligtvis levererade av ett huvudentreprenad. Om Absolicon vill 
sälja direkt till slutanvändarna måste de därför vara beredda på att kunna leverera mer än bara själva 
solfångarfältet, de måste dessutom ansvara för själva installationsarbetet. Detta är något som Absolicon 
inte har resurser till att göra i dagsläget. Därför är rekommendationen att Absolicon riktar in sig på att 
sälja solfångarna till dessa huvudentreprenader.   
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1 Introduction 
The CO2 emissions produced by anthropogenic activity have been intensified over the last centuries due 
to increasing industrialization of the developing and developed societies. According to Cox et al. (2000) 
this situation: has accelerated the effects of global warming, has a deteriorating effect on the climate and 
threatens to cause irreversible damage if humanity keeps its “business as usual” attitude. Fortunately the 
fact that the world faces a global climate change is more accepted now than ever by governments and 
nations around the globe. An important recognition of this is the 136 nations, out of 197 participating, 
who have signed the Paris Agreement from the United Nations climate change conference in Paris 2015 ( 
United Nations 2017). The central aim with the agreement is to prevent a global temperature rise of two 
degrees Celsius, seen from a pre-industrial level and this can only be done by lowering the global 
greenhouse gas (GHG) emissions. The Paris agreement, together with a forecast of a 48 % increase of the 
global energy demand from the 2012 level to 2040 (EIA, 2016), make it evident that the global energy 
mix, with its supply of 80 % fossil fuels, is untenable. Hence, the energy from renewable sources must 
increase its share in the energy mix.  
 
According to EIA (2016) the industry sector alone accounted for 54 % of the global energy demand in 
2012. In this sector a large number of different manufacturing industries are included, for example the 
pharmaceutical-, food and beverage-, and wood industries. These industries have many heat intensive 
processes (HIP) in their manufacturing, such as drying, cooking, and bleaching for example. The most 
common way to deliver heat to these processes is by fossil-fuel boilers. One promising renewable energy 
source, which could replace fossil-fuel boilers, is solar thermal energy (STE). STE uses the energy from 
incident solar irradiation to heat up a transfer fluid. The heated transfer-fluid is then transported by pipes 
and pumps out to different HIP, where the heat can be used.  
 
Absolicon Solar Collectors AB (Absolicon) is a Swedish research and development company, which is 
specialized in manufacturing solar energy techniques and applications. Absolicon’s vision is to 
outcompete fossil fuels with its solar collectors. Its product portfolio consists of several different 
parabolic trough collectors (PTC), which can be used to produce both heat and electricity.  Several 
collector fields have already been installed in different industries and regions but in order to fulfil the 
company’s business idea: 
  
“Absolicon will be the world’s leading supplier of solar concentrators. By developing, manufacturing and selling solar energy 
systems that generate renewable energy in various forms, we are helping to solve the world’s energy problem.” 

(Absolicon, 2017) 
  
Absolicon must get a wider geographical spread of its products and thereby enter new markets. Two of 
the markets which are of interest is the district heating (DH) industry in Denmark and the Food and 
Beverage (F&B) industry in Spain.  
  
The F&B industry in Spain is, by Absolicon, considered to be an interesting market due to two main 
reasons:  

• The geographical location with a high annual solar irradiation.  
• The F&B industry itself that has several HIPs, which could get their heat from STE instead of 

fossil fuels that is the most commonly used fuel types today (FROnT 2016). 
The reason why the Danish DH market is considered to be an interesting market is because a rapid, 
exponential growth of integrated solar collector fields in DH systems. There is clearly an ongoing market 
for collector manufacturers in Denmark and Absolicon does not want to miss this opportunity.  
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To find markets that obviously have potential for one's product, which is the case for Absolicon and the 
two markets described, is just a first step. To enter them however, requires more insight in how the 
markets are structured, what type of market actors that can be found and how they interact. Gezelius and 
Wildenstam (2011:23) explains that the way for a company to achieve its business idea, the company 
must be able to answer on four fundamental questions: 

1. Which needs/demands on the market are we going to satisfy?  
2. With what product should we satisfy it? 
3. To which group or customer segment? 
4. With what resources? 

  
The first three questions are explained as the outer business idea that should be communicated openly. 
The fourth question regards the company’s inner business idea (ibid, 2011:23). Based on this, the authors 
of this study define the situation Absolicon is in as a company which have a distinct product but a lack of 
knowledge of which needs its product can solve. Surely, Absolicon have ideas of technical concepts, but 
due to the fact that they do not know which customer segment to sell to, Absolicon can not propose a 
right value proposition to the right customer. It is also questionable if the company has enough and the 
right resources to realize its business idea.  

1.1 Purpose 
This particular study will investigate a company which has developed a new product that solves already 
existing needs in two chosen markets. The technical solution of the product differs a lot from the more 
common solutions seen in the market and the number of competitors operating with the same technique is 
low but powerful. The product has shown good results on qualification tests and can be argued to be a 
competitive solution to the markets’ need. Despite this the company does not know how to entre the 
potential markets.  
  
Thus, this study belongs in the scientific field of strategic marketing and customer understanding and the 
purpose of this study is to gain information and to analyse two different but potential markets, for this 
certain product. Possible business proposals and activities necessary for entering the markets should be a 
result from the analysis. Furthermore should the two markets be compared toward each other in order to 
draw conclusions about how the knowledge gained in this study could be used on other markets. 
  
The company that has been used as a study object in this study is the solar collector manufacturing 
company Absolicon, which wants to entre the Danish DH market and Spanish F&B market in order to 
sale their solar collectors. The information gathered and analysis in this study will therefore be focused to 
Absolicon’s current business situation and needs. The result will be used as decision basis for 
Absolicon’s future business development.  

1.1.1 Issues to address 
In order to fulfil the purpose of this study, questions that are considered necessary to be answered have 
been developed. The formation of these questions has both been inspired of requirements of Absolicon 
but also from a short literature review.  
  
The importance of information is crucial for strategic decision making (Citroen, 2009). Therefore it 
becomes clear that any company should have the best possible information before it takes a decision. A 
piece of information which is valuable for a company is how its potential customers take decisions to buy 
new products or services. Obviously, understanding this process is important for future sales, which also 
is stated by Neil Rackham (2011:15).  
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Holmvall (2011:123) explain that it is important to “feel” the market one wants to enter, preferably by 
visiting it. Other crucial knowledge information to gain by  a market analyse, are: 

• To know if the market is growing? 
• Who are the key clients? 
• How is business conducted?  
• Is there a market for your product? (ibid, 2011:128) 

 Questions for this study 
The following set of questions have been set up by the authors and should be answered in order to gain 
the information necessary to fulfil the purpose of this study:   

• Which market actors can be found in the markets and how do they interact? 
• Of the found market actors, which ones have needs that the product can satisfy? 
• How can Absolicon use the value of its product to attract customers? 
• How does the decision-making processes look like for the end users? 
• Which market actor would be the most suitable customer segment for Absolicon and what actions 

is needed to be taken in order to gain their interest? 
• Can any future trends or prognoses be found? 
• Can a comparison of the similarities and differences of the two studied markets lead to any 

general conclusions, applicable on other markets? 
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2 The background of this study 

2.1 The Spanish Food and Beverage industry 
An industry which uses heat in its production gets it either from buying it from a supplier or from 
producing it itself through boilers. Either way the industry has a heat cost related to the bought heat or the 
bought fuel. From a survey conducted in the Spanish F&B industry it was concluded that 44.4 % of the 
participating companies used fossil fuels to supply heat in their production processes (FROnT 2016), 
which implies that those companies must buy oil fuel to their boilers. By investigating which HIPs and in 
what temperature ranges these operate in we found that a great share of the most common processes 
operated at temperature levels under 120 °C. As an example of what these processes can be and within 
what temperature range they are operated in, Table 1 has been put together for two different sub-
industries within the F&B industry. The table is adopted from Mekhilef et al. (2011: table 6).    
 

Table 1. Common heat intensive processes in meat manufacturing and beverage manufacturing 

Sub-industry Heat intensive process (temperature 
range of operation) 

Meat 
manufacturing 

Sterilization (60-90 °C) 
cooking (90-100 °C) 

Beverage 
manufacturing 

Washing (60-80°C)  
Sterilization (60-80 °C) 
Cooking (60-70 °C) 

 
The temperature ranges presented Table 1 are all within the range of what most of the commonly found 
solar collector techniques in the market can deliver, including Absolicon’s collectors. Howev-er, the flat 
plate collector (FPC) technology, which represents 83.8 % of the European market shares in collector 
field installations (Mauthner et al. 2016), has poor efficiency for temperatures over 80 °C (Kalogirou 
2003). In contrast, Absolicon’s collectors still have a high efficiency for temperatures up to 120°C1. This 
knowledge together with the fact that Spain has an average annual irradiation above 1500 kWh/m2 for the 
whole country (SolarGiS 2017), explains why the Spanish F&B market is an interesting market. The sun 
irradiation is a free energy source so by using STE instead of other fuel, an industry can reduce its fuel 
cost and thereby save capital. In Figure 1 the average annual irradiation is presented for Europe, in which 
it can be seen that Spain has about the highest irradiation in Europe.  

                                                
1 Jonatan Mossegård, R&D employee Absolicon, Supervision, January 2017 
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2.2 The Danish District Heating industry 
Denmark has a rather cold climate and a long tradition of DH as a way to heat up households, nearly 63 
% of the heating in private Danish houses is provided by DH systems (DEA 2015). The temperature 
ranges in DH systems are 90-110 °C (depending on the season) for the supply water out to the district and 
around 40 °C for the return water, returning from the district. This implies that even the DH industry 
operates in temperature ranges suitable for STE but the traditional fuel type used in the incinerators has 
been oil, coal and natural gas (ibid 2015).  By looking at statistics presented by Mekhilef et al. (2016) for 
STE integration in Danish DH systems over the last 10 years, it is evident that the Danish DH industry 
already has started converting the fuel mix to a fuel mix with more integrated STE. This can be seen in  
Figure 2 where the accumulated installation of collector fields in the Danish DH market is presented. No 
other DH market in Europe has the same trend and according to Mekhilef et al. (2016), Denmark is today 
the only mature DH market for solar heat integration in Europe.  

Figure 2. Number of operating solar heating plants in the Danish DH industry 
(narrow bar) and corresponding installed collector aperture area (broad bar). 
Blue color indicates planned plants. (Source: Jan Erik Nielsen, Planenergi, 2017) 

Figure 1. Average annual solar irradiation for Europe (Source SolarGIS 
2017) 
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According to Sœrensen & Trier (2012) the reason behind the exponential growth is attributed to several 
governmental initiatives, which has supported the development. A number of these initiatives are listed 
below:  

• A change in legislation, which made it more profitable for some DH plants to produce heat 
instead of electrical power. 

• Economic feasibility and environmental studies on already efficient plants, showing that they 
could be more efficient with STE.  

• Two full-scale demonstration solar heating plants, which were financially supported by the 
government. 

• Good network and communication channel for spreading the knowledge and experience between 
DH companies. 

 
Sœrensen & Trier (2012) also gave another four reasons for which STE has become a good investment 
for DH companies in Denmark: 

1. High taxes on natural gas. 
2. Low return temperature in distributed water (30-40 °C), which increase the solar heat production 

potential. 
3. Cheap financing system with municipal guarantee loans. 
4. Required fuel-saving actions for all Danish utilities, since 2009 and STE counts as such action. 

2.3 Technical complications with solar thermal energy technology 
A problem with STE is that it can only produce heat during daytime when the sun is shining. So if one 
should sell collector fields to an end user like a heat demanding industry, it becomes crucial to take into 
account the industry’s production cycle or in other terms, its energy demand cycle. If the heat demand is 
low during the night and high during the day, it would be ideal to use STE. However, if the heat demand 
is equally high throughout both day and night or if it is big during night time and low during daytime, 
using STE as an energy supply becomes more complicated and just selling a collector field might not be 
enough. Hence, an integrated heat storage can be a good solution to the time shift of when the energy is 
accumulated and used (Rutz et al. 2017). Another aspect, which is crucial to take in consideration when 
integrating STE technology, is that the annual amount of sun irradiation deeply depends on the 
geographical location of the collector field. In Scandinavia for example, the northern geographical 
location implies that the number of hours with sun irradiation will be high during the summer but low 
during the winter.  
 
Nevertheless, the fact that irradiation is quite the same from year to year for a given location, together 
with the fact that the fuel source (sun irradiation) is free, makes investment plans and cost forecasts for 
STE technology investments, easy to determine. 

2.4 The company - Absolicon 
Absolicon is a public company located in Härnösand, Sweden, which is specialized in STE techniques 
and applications. Their product portfolio consists of several different parabolic trough collectors (PTC), 
which can be used to produce both heat and electrical power. These collectors are suitable to install in 
configurations of middle range field sizes (approx. 500 square metre open area) and larger2. Therefore 
they are not suitable to use to households, which is why Absolicon just focuses on the business-to-
business market (B2B), like selling to industries, and not the business-to-consumer market (B2C). At the 
moment Absolicon is in a phase where on the one hand it tries to enter industry markets, which would be 
interested to integrate solar collectors in their energy supply. On the other hand it tries to attract 

                                                
2 Jonatan Mossegård, R&D employee Absolicon, Supervision, January 2017 
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manufacturers, which would be interested in buying the license to build their own solar collector-
producing factory.  
 
Absolicon faces various challenges ahead of it as every small expanding company. Although the 
company has a leading technology in PTC, the small production scale leaves limited space for selling the 
collectors at competitive price while maintaining a good margin of profit. Despite the productive 
capacity, which is expected to rise significantly in 2018 after the installation of a new production line, the 
absence of a sales division puts in risk the promotion of the product and the economic viability of the 
company. Moreover the absence of a marketing strategy makes it difficult to sell Absolicon’s solar 
collectors as they are unknown to the big audience and thus the industrial customers could be reluctant to 
buy them. Last, the lack of distribution channels makes it harder for Absolicon to deliver large amounts 
of products and establish itself in new markets. Nonetheless, Absolicon is before big opportunities as the 
potential for the development of the STE technologies is enormous and leaves space for great 
expansion.    
 
A summary of the situation Absolicon finds itself today together with the challenges it faces, is carried 
out with the SWOT-diagram presented in Figure 3. This summary represents the authors’ opinion about 
Absolicons current state. The SWOT diagram is a smart way to summarize and describe the strengths, 
weaknesses, opportunities, and threats a company faces in order to decide next steps. 
 

Strengths 
• Quality products 
• An expanding patent portfolio 
• Good technical research and development team 
• Collaboration with university for the development of 

the products  

Weaknesses 
• Lack of capital due to the small size of the 

company 
• A fragile organizational structure with few 

vital key employees 
• Lack of sales division 
• Lack of distribution channels 

Opportunities  
• High potential for the introduction of solar collectors 

into new markets due to: 
• Unsaturation in most of the markets of interest 
• Growing interest for renewable energy resources  

Threats 
• Unwillingness of customers to adopt solar 

collectors 
• Lack of capital for further expansion 
• Few and well-established competitors   

Figure 3. SWOT-diagram for the company Absolicon 

From Figure 3 it becomes evident that Absolicon is in a paradoxical dilemma that many expanding 
companies face. On the one hand, it is crucial to gain more capital, which could come from an increase in 
successful sales. But on the other hand, more sales requires more human resources, and Absolicon 
currently lacks this resource. Thus, although installing a sales division would be an important action, it 
would create a greater demand of capital for payment of salaries. Another way for Absolicon to gain more 
capital is through the release of new shares, but that demands that shareholders and stakeholders become 
convinced why they should invest in new shares. So in order to do this, Absolicon needs a good reason. 
Compared to an increase of sales, a release of new shares should be seen as just a short-term solution. 
 
Under the last two years Absolicon has developed a new collector called T160, which consists of fewer 
components and is optimized to gain highest possible efficiency for heating up water or steam. 
Qualification tests made at the Research Institute of Sweden confirmed good performance for the T160 
efficiency in a wide temperature range3. T160 allows the production of environmentally friendly heat 
while at the same time it reduces the energy consumption of the industries, which use it. Despite that it 
has these two great advantages, it also has some intrinsic weaknesses. T160 is a PTC and this technology 
is not yet established in the market, mainly because the technology is more expensive compared to the 
more conventional technologies2. Moreover, the lack of a demo installation works like a lack of proof for 
T160’s technology, making it questionable whether it is trustworthy. However, the international 
economic environment grows friendlier for “green energy producing” technologies and this creates a 
positive momentum for the expansion of the T160. The competing technologies can be a serious threat 
but Absolicon can outcompete them by focusing on quality and on the right market segment. The solar 

                                                
3 Jonatan Mossegård, R&D employee Absolicon, Supervision, January 2017 
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collector T160 is the only collector, which Absolicon manufactures nowadays and a summary, made by 
the authors, for this product is presented in the SWOT diagram in Figure 4.  
 
 

Strengths 
• Production of environmentally friendly 

heat 
• Reduction of the energy costs for the 

industries, which install them. 
• Estimated reduction of the solar collectors’ 

price as the production capacity is expected 
to increase by 2018. 

Weaknesses 
• Absence of a demo installation in an industry 
• Not established technology 
• Lack of information for the advantages of this 

technology 
• Lack of knowledge about which HIP, STE 

would serve best. 

Opportunities 
• Policies in many countries dictate that heat 

should be produced in an environmentally 
friendly way. 

• Lack of big multinational companies 
dominating the sector of solar heating. 

Threats 
• Potential decrease of the oil price or fuel 

taxes 
• Competing technologies and established 

competitors 

Figure 4. SWOT-diagram for the T160 solar collector 

 
From the SWOT diagram in Figure 4, it becomes clear that there is a series of challenges that Absolicon 
has to address in order to develop its further business. The conference of the United Nations in Paris for 
the climate change created a momentum for the adoption of environmentally friendly technologies. This 
momentum shapes a favourable environment for the expansion of the activity of Absolicon as solar 
collectors help industries to reduce their carbon footprint. Moreover the lack of big multinational 
competitors in Absolicon’s field marks that the markets are not saturated and eventually an entrance 
could be easier. The identified threats like the potential decrease of the oil price are unlikely to constitute 
a unsurpassable obstacle for Absolicon as nowadays there are companies which are really committed to a 
sustainable way of doing business. Therefore it is a top priority for Absolicon to form attractive offers, 
which will convince even the most demanding customers to install its solar collectors. 
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2.5 Problem formulation 
It is evident that both markets have great potential and recognizing this is just a first step. To describe 
Absolicon’s situation and market position for the two markets, the Ansoff matrix is a useful tool, see 
Figure 5. The Ansoff matrix focuses on the product and the market to determine in which state a company 
is in. Absolicon has an already existing product (the collector model T160), which they want to introduce 
to new markets (Spanish F&B and Danish DH). This orients Absolicon into a market development state.  

 
 
It therefore becomes essential for Absolicon to learn as much as they can about the markets and the actors 
within, in order to make the right strategic decisions and to offer the right product solution that satisfies 
adequately customer’s needs.  
To recall, this is also the purpose of this study and for the authors to gain this knowledge two crucial tools 
are needed to be developed: 

• A framework of relevant theoretical models that increase the understanding of what empirical 
data is necessary to gather from the markets.  

• A strategic method for how this data should be gathered and analysed. 
 
In the following two chapters, chapter 3 and 4, these two tools will be described.  

Figure 5. The Ansoff model, a way to describe market 
strategies (Adopted from Ansoff (1957:114). Absolicon is 
in the Market Development stage 
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3 Theoretical framework for understanding markets and market 
opportunities 

Before any data can be gathered from the markets, which serves to answer the purpose, it is crucial to 
know which data one should search for and why. In this chapter some useful concepts, and theoretical 
models which are commonly used within these concepts, are presented. This will create a framework 
which will be used to determine what data is required to be gathered and later also used for the 
interpretation of the gathered data. 

3.1 Understanding the needs 
When entering a market, it becomes essential to understand what sort of needs the customer really has. It 
is not obvious that the customer him/herself knows or can express his/her needs, but without a need the 
customer is not likely to express any purchasing will.  
 
For example, for companies using heat water or steam in their processes, the operational need is heat. 
This heat could be generated in a boiler, which needs some kind of fuel, for instance oil, electricity, etc. 
Regardless of fuel type, it leaves the company with a fuel cost, which can fluctuate depending on the fuel-
market price. The company certainly wants as low fuel cost as possible, which also is a kind of need. 
Another need could come from a governmental regulation regarding energy consumption and production.  
 
According to Kotler & Keller (2016:29) customer’s needs can be categorized and they state five 
distinguished types of needs, (with an example of a customer wanting a car):  

1. Stated needs (The customer wants an inexpensive car.) 
2. Real needs (The customer wants a car whose operating cost is low.) 
3. Unstated needs (The customer expects good service from the dealer.) 
4. Delight needs (The customer would like the dealer to include an on-board GPS system.) 
5. Secret needs (Customer wants friends to see him or her as a savvy consumer.) 

 
Looking back at the examples of needs stated for companies using heat water or steam, we categorize the 
needs as following: Operational need - real need, fuel requirement - real need, low fuel cost - delight 
need, and governmental regulations - stated need (or real need).  
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3.2 Defining which phase a market is in and how to approach it 
Rogers’ diffusion of innovation curve is a well-known model used to describe the diffusion of a product 
into a market (Rogers 2010). According to this model the consumers are divided into 5 different 
segments. The criterion for this division is the behaviour of the consumers towards the product. Thus, the 
market is composed of the following groups:    

1. Innovators - The innovators are willing to take risk and test products, which may even fail. They 
may even have the economic convenience to afford any possible failure of the product they 
bought first.   

2. Early adopters - Early adopters have the economic means and education to make choices earlier 
than late adopters because they often want to maintain their high status and opinion leadership. 
They are more discreet in their choices than the innovators. 

3. Early majority - The early majority consumers feel comfortable to adopt the innovation/product 
after the innovators and the early adopters have tested it. Although the early majority consumers 
are often in contact with the early adopters, they are rarely opinion leaders. 

4. Late majority - They are rather conservative for the adoption of any new product. They face any 
innovation with scepticism. 

5. Laggards - They show the most resistance to any innovation. They often identify themselves 
attached to tradition and hence they easily reject any innovation. They usually show no opinion 
leadership and no interest for anything new. 

 
These five segments are commonly illustrated as in Figure 6, where the shape of the curve represents the 
sizes of the customer segments.  

Figure 6. Diffusion of innovation curve (Adapted from Rogers (2010)) 
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The model can be of use to identify in which phase targeted markets are. If just a few buying companies 
in a market have adopted a product, a selling company has a big challenge in front of it to awaking the 
customer’s awareness of the product. If a majority of the market have already adopted the product, a 
selling company does not need to put so much effort in raising awareness, however it may have a greater 
challenge of competing with competitors in the market. Especially if the competitors are well established 
and the selling company tries to enter the market. 
 
In the same time that a company is evaluating where in the diffusion of innovation curve a market is in, it 
also becomes important to consider how to go from the step where a customer is aware of your product to 
the step of the customer actually buying it. A popular model, which describes this process, is AIDA and it 
is called after the four steps it consists of (Awareness, Interest, Desire and Action) (Lekvall & Wahlbin 
2001). According to the AIDA model the company should first create awareness of the product. This 
means that as the product is new, the potential customers should get to know that the product is available. 
The next step is to create interest for the product. - Why the product would be interesting for the 
customers? - What are the properties, which make it appealing to the customers? Then the company 
should employ various strategies, which make the product desirable for the customers, for just an 
appealing product is sometimes not enough to sell. The last step is the development of strategies, which 
trigger the acquisition of the product. The AIDA model can be a good guide for a company which wants 
to introduce a product in a new market.   

3.3 Understanding the company’s position in the market 
The AIDA model requires that one knows which market actor to approach. When entering a new market, 
this may not be given beforehand but is something that one should find out in an early stage. In fact, 
when entering a market there are several important processes that should be taken in consideration at the 
same time, due to that they are dependent on each other. For example, how the customer segment interact 
with other market actors and how the revenue stream directions go. A powerful tool to use is a business 
model and Osterwalder & Pigneur (2010:14) define a business model as “the rationale of how an 
organization creates, delivers, and captures value”. A simplified but powerful business model is the 9-
block business model canvas (BMC), which can be seen in Figure 7.  
 

Figure 7. A 9-block business model canvas (Adopted from Osterwalder & Pigneur (2010:18-19)) 
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The canvas should be used by a company as a tool to organize its activities and information, where each 
block containing certain information. The Key partners-, Key activities-, Key resources-, and Cost 
structure blocks refer to the company’s own resources and structure, while the Value propositions-, the 
Customer Relationships-, the Channels-, and the Revenue streams blocks are more oriented to the 
processes connected to the market and the customer. In the following paragraph, the blocks connected to 
the market will be furthered explained.  
 
As earlier stated, a company that wants to enter a new market must identify its potential customer 
segments and in the same process evaluate what value the product will bring the customer and what needs 
that the product will satisfy. In this process it also becomes important to identify what other interaction 
that can be found in the market, for example, which other market actors does the customer interact with. 
Once the customer segments are identified and the right value propositions are formed to the customers, 
the company can proceed with the activities in the channel stage, which is about the same process as 
AIDA. The process is explained by Osterwalder & Pigneur (2010:26) as “how a company communicates 
with and reaches its customer to deliver a value proposition”. The Customer relationship block refers to 
what relationship the company wants to its customer. For instance, does the company want an after sale 
of new products or services? The kind of relationship a company wants with its customer deeply 
influences the value proposition toward the customer and the customer’s overall experience of the 
company. Last but not least, it is crucial for the company to determine to what cost the customer is 
willing to pay for the value, which should be concluded in the Revenue stream block. It can also be an 
important activity for a company that is entering a new market to first investigate the capital flows on the 
market and how similar products (if there is) are paid and to what price. 
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3.4 Core product and other values 
As already described in the BMC, it is important for a company to evaluate the value proposition of its 
product and what kind of relationship it wants to develop with the customer. It could be that company 
only focus on merchandising their core product. However, it is possible that there are other services or 
functions that would increase the perceived value of the core product. Lekvall & Wahlbin (2001:35) give 
eight examples of other values aside from the core product, which has influence on the customer: 

1. The brand, well established brands have greater influence than unknown brands. 
2. The packaging, the way the product is delivered. 
3. Assortment, the ability to buy everything needed at the same seller make it easier for the 

customer, which prefer one-stop shopping. 
4. Fast and effective service, gives security. 
5. Warranties, give security. 
6. Education of the product. 
7. Short delivery times and high delivery precision. 
8. IT solutions, modern communication techniques can provide faster information exchange and 

cost efficiency for both the seller and buyer.  
 
Hence, it is important to think about what other values that can be added to the core product.  A selling 
company that can provide service for the product or even train staff of the customer to maintain and fix 
the product by him- or herself, can gain more selling opportunities compared to a seller which do not. 
Actually, values like service and operational training can be two profitable activities for a company as 
well, as they do not require the consumption of raw materials but only the use of human capital. It is also 
possible that these activities, even though the customer needs to pay for them, can increase the customer’s 
overall satisfaction of the company.  
Another feature, which can be attractive, is the digitalisation of the core product’s functions. The rapid 
spread of the Internet of things makes many customers to appreciate the interconnectivity of their devices 
and this trend is expected to influence the way that users perceive the value obtained by their purchase. 
Moreover, every selling company should consider strategies to promote and consolidate the 
recognisability of its trademark. A strong trademark, which becomes a synonym of reliability and 
prestige, allows companies to sell their products easier and at higher prices as the customers perceive that 
they receive higher value. To sum up, there is a series of features that every company should take into 
consideration before forming its final offer for its customers.  

3.5 Participants in the business buying process 
When doing business on a B2C market, the customer is regularly one and the same person who gets 
aware of the product, takes the decision to buy and eventually the one who pays for it. However, in a B2B 
market there is often a considerable amount of people involved in the buying process from the customer’s 
side. Kotler & Keller (2016:106) use the “buying centre” concept, developed by Wester and Wind, to 
explain what the decision-making unit of a business is composed of. 
According to Kotler and Keller the following type of actors can be found:  

• Initiators - Users or other in the organization who request that something be purchased. 
• Users - Those who will use the product or service. In many cases, the users initiate the buying 

proposal and help define the product requirements.  
• Influencers - People who influence the buying decision, often by helping define specifications 

and providing information for evaluating alternatives.  
• Deciders - People who decide on product requirements or suppliers.  
• Approvers - People who authorize the proposed actions of deciders or buyers.  
• Buyers - People who have the formal authority to select the supplier and arrange the purchase 

terms. Buyers may help product specifications, but they play their major role in selecting vendors 
and negotiating. In more complex purchases, buyers might include high-level managers. 

• Gatekeepers - People such as purchasing agents and receptionists who have the power to prevent 
sellers or information from reaching members of the buying centre.  
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It becomes essential for a selling company to identify these different actors within a customer company in 
order to target certain action towards the right people. In the example of a manufacturing company, the 
operational staff is the employees who know the manufacturing processes best and are the ones that in the 
end will be the ones that operate a boiler or a collector field, for example. The operational manager may 
be the person in a company that could influence the decision makers or that person could also be the 
decision maker.   
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4 Methodology 
To summarize chapter 3, we need to gain information regarding market phases, which market actors that 
are in the market and the interaction between them, decision making processes within customer and 
company organizational structure, capital flows, other values than core values and market trends.  
 
This study was mainly based on a method in which much of the analysis of the problem was conducted in 
parallel to the data collection in an iterative process. In Figure 8 a schematic workflow of the study’s first 
part is presented and in the following paragraphs the steps in this iterative process will be further 
explained. The colouring of the boxes in Figure 8 indicates activities that are related to each other. The 
procedure, which was followed, was based on the method proposed by Bryman & Bell (2015:394). Thus, 
at a first stage the general problems to address were defined. This was followed by creating the theoretical 
framework for this study, which laid ground for the questionnaires created. But before any questionnaires 
were created, a first assumption of the market structures and involved market actors was formed. The 
gathered data was interpreted and evaluated, leading to a reconsideration of the initial assumptions and 
the actors, which were assumed to be important. This process was repeated until the overview of the 
studied markets, which was formed, allowed the draw of final conclusions. The authors of this study took 
also into consideration the iterative three-step process proposed by Calabretta et al. (2017). The steps 
constituting this process are “(1) talking to users, customers and stakeholders; (2) thinking about potential 
solutions; and (3) testing these solutions early on moving towards problem-solution fit”. The method was 
adapted to the needs of this study. Thus the authors of this study firstly talked to the interviewees (1), 
elaborated the obtained data (2) and based on their experience proceed with new insight about getting the 
maximum amount of information from the interviews (3). 
 

  
Figure 8. Schematic workflow of the process of data collection and analysis for the first part of the study 
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4.1 Defining the problem 
The initial step was to formulate the nature of the problem (step 1 in Figure 8) and this was based on the 
questions to address of this study. With a defined problem, the process carried on to form the theoretical 
framework (step 2), where after a first assumption of the market structure and involved market actors was 
created (step 3).  
 
In the first assumption, it was assumed that the following market actors would be found in both markets: 
end users, consulting companies (some sort of advising company) and boiler manufacturers (companies 
manufacturing and selling boilers to end users).  

4.2 Data collection 
In this field of study, where two markets are to be analysed the most suitable way to get representative 
data is to make a market research, to interact with people who daily work with it. This is because these 
people are the ones who have the most updated knowledge of it and know deeply the nature of a market, 
which is constantly changing. Most of the data was therefore gathered through interviews. Moreover, a 
wide range of information was collected by reading articles published in scientific reviews, information 
on websites, surveys, reports and newspapers. On site observations and visits were also important 
methods used to gain data.   

4.2.1 Preparation 
In order to conduct the interviews, necessary preparation steps were made such as compiling 
questionnaires with questions that could be addressed to these market actors and which could gain 
information related to the processes described in the theoretical framework. The initial questionnaires, 
which are represented as step 4 in Figure 8 and which were initially used for interviewing end users, 
consulting companies and boiler manufacturers can be found in Appendix 1. However, a selection of 
questions can be seen below: 

• Who contacts whom, in a project? 
• Who designs the collector field system? 
• Who takes the decision for the new installations?  
• Who gets the requests for quotations?  

 
The questionnaires together with email templates were presented to an Absolicon’s employee for 
international affairs and revised after his consultation before they were used. For the interviews directed 
to the Spanish market, the questionnaires were also translated to Spanish in case the interviewees would 
not be comfortable with talking English. For the Danish interviews such translation to the native language 
were not made due to the fact that the interviewer’s first language was Swedish and in the case a Danish 
interviewee would not feel comfortable with English, it was assumed that the understanding between 
Swedish and Danish would be enough to conduct the interview.  

4.2.2 Selection of interview objects 
The selection of companies to interview was first made by finding and extracting member lists from 
companies associations. For example, for end users, associations like the Danish District Heating 
Association (DDHA) or the Spanish F&B Association (FIAB) was used. From DDHA:s members lists, a 
certain number of companies was selected but in the case of the market research in Spain almost the 
whole list were contacted. That was due to the unwillingness of the Spanish F&B companies to 
participate in interviews. Other companies were found though participating lists from industrial 
exhibitions. Later on in the data collection, companies to interview could be found through snowballing, 
which according to Alvehus (2010:68) implies that through interviewing one person, the interviewer 
could be introduced to other people to interview. It could be that the first interviewee knew another 
person who is specialized in a certain field or who could give a better answer on a question. A risk though 
with snowballing that Alvehus states, is that one easily gets trapped in a network for which the questions 
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might just be answered with respect to one or few perspectives Alvehus (2010:68). This implies that 
information could be missed.  
 
Some companies were also found as partner companies or reference contacts on already interviewed 
companies’ websites, which we interpret as a kind of snowballing effect as well. Information such as 
contact details, the companies’ business and interesting exhibitions were gathered in a database created 
by the authors.  

4.2.3 Interviews 
During the data collection, (step 5 in Figure 8) most of the empirical data was gathered through 
interviews, as stated before and this was conducted through different approaches. From the preparation, 
specific contact persons like a marketing manager or operational manager were contacted, when it was 
possible. Otherwise if no contact person was found the company’s switchboard operator was contacted. A 
large number of interviewees were first contacted by an initial email, which invited them to a later 
interview. In the mail a description of the study, the aim and five to eight of the questions from the 
questionnaires were included. Some respondents chose to answer via email and other agreed upon a 
telephone interview. An email template can be found in Appendix 2. 
Another approach to reach the interviewees was to call them directly by the telephone. In this way a more 
personal contact could be established from the start and in many cases the interviewees took their time to 
participate in an interview directly, which reduced the time of receiving data. In either approaches, the 
interviews were semi-structured, which according to Alvehus (2016:82) means that the interviews contain 
fewer and more openly asked questions compared to a structured interview. In these types of interviews, 
the interviewees have a larger degree of freedom to influence the content of the interview. In the case the 
interviews were conducted via telephone, notes were taken during the interviews. The interviewees were 
later sent an abstract of the interview in order to give their approval of it. By letting the interviewees 
approve the abstract, the risk that the interviewer has misunderstood the interviewee was reduced. 

4.2.4 Observations  
Open observation is an observation technique used in qualitative studies where the observer follows a 
person or a group of people in their daily life or work by just being around and getting included in their 
life (Alvehus 2010:94). This observation technique should not be confused with shadowing which is 
another observation technique but in which the observer follow the observation object’s every step. The 
authors of this thesis have during 14 weeks worked with the thesis at Absolicon’s office in Härnösand. In 
this way Absolicon as a company could be studied, which was necessary in order to do an accurate status 
analysis of the company and better understand Absolicon’s difficulties and opportunities.  
 
Visits are also a way to observe a study object. In this study, one of the authors visited two Swedish 
district heating plants, where one of them had a solar collector field integrated to their DH system. The 
visits did not give market related information but much technical understanding. The same author did also 
participate in an industrial conference for integration of large solar heating and cooling systems into DH 
grids. In the conference, experts from mainly Europe presented their latest research on the topic and the 
author had the chance to observe and hold informal interviews with industrial experts.   

4.3 Analysis 
As stated before much of the analysis in this study was conducted parallel to the data collection in an 
repetitive process. The first step of the analysis was to read through the interview material several times. 
Data, such as quotes or other given information, which the authors considered containing information 
related to this study, were sorted out in separate data categories (step 6 in figure Figure 8). Each market 
(Danish DH industry and Spanish F&B industry) was analysed separately. A first interpretation of the 
markets was conducted. The initial assumptions were then compared against the gathered data (step 7). 
After that a reconsidered assumption could be made (step 8). The authors could also use the data and 
interpretation to reflect upon whether the questions asked during the interviews gave information relevant 
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to the subject. In the case of questions being irrelevant these could be reformulated before upcoming 
interviews, seen as step 9 in Figure 8.  
 
This on-going analysis and data gathering were continuously conducted until the data in the interviews 
became repetitive. After that it was compared to the theoretical framework (step 10), where after 
conclusions could be determined (presented as step 11 in Figure 8).  
 
As earlier mentioned, the analysis process described above was just the first part of this study. Based on 
those conclusions the authors tried to propose Absolicon ways to successfully enter the markets of 
interest, which was the second part of the study.  As can be seen in the Analyse chapter, the proposed 
business strategies differed for the Spanish F&B market and the Danish DH market. In the case of the 
Spanish F&B market, the business strategy was focused on providing some reasonable solutions to 
Absolicon in order to raise awareness about itself in Spain. What is more, some essential elements of a 
good value proposition were discussed. The business strategy for the Danish DH market focused on 
identifying what are the key factors a chosen customer segment, finds important when considering buying 
solar collectors. A list of potential factors of importance was already available based on previous 
interviews. Therefore, further contact with new companies in the customer segment was taken in order to 
confirm the listed factors and discover new.  

4.4 Reliability 
As a big part of the data analysed in this thesis comes from interviews, the reliability of the data is very 
much dependent on the replies. If several independent interviewees with the same professions at similar 
companies give similar answers to a question, the answer is most likely to be reliable. The interviewees’ 
professions were also used as a way to evaluate the reliability of the replies. For instance, a CEO at a 
company can be assumed to have a reliable knowledge about the organizational structure within his or her 
company. However, it is still questionable whether another independent researcher would get the same 
replies as these that were gathered for this study. Although it would be unlikely that someone got exactly 
the same replies, it is quite probable that patterns described in this study would be confirmed by another 
researcher (Alvehus 2016:122). 

4.5 Validity 
Alvehus (Alvehus 2016:123) proposes that there are three types of validity: the validity of the method, the 
communicative validity, and the pragmatic validity. In this study, the authors focused on assuring the 
validity of the methods used. Thus a series of practices were employed in order to guarantee the validity 
of our methods. 
 
First, the authors were always checking critically whether the data obtained from the interviews were 
trustworthy by comparing them with other interviews. Moreover, the abstracts of the interviews that were 
sent for approval to the interviewees in order to confirm the content, was one way to secure validity. Last, 
the results were crosschecked with other trustworthy sources like, scientific journals, publications of 
industrial associations/ international agencies. 
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4.6 Ethical considerations 

4.6.1 Research ethics 
This research must, as all research projects, guarantee a certain level of ethics towards the public and 
everybody involved in the study. Bryman & Bell (2013:137) states five ethical principles which a 
researcher need to consider in any project. In the following section, the way research ethics was included 
in this study will be presented, based on these five principles, which are stated below: 
 

1. The transparency of information, the researcher shall inform the involved people about the 
study’s purpose and which parts that are included in the study. 

2. Consent of participation, the involved people shall be aware of that their participation is optional 
and that they can abort their participation at any time. If any youngling is participating, the parent 
must have given their approval.  

3. Confidentiality and anonymity, Information about all participants in the study shall be kept with 
great confidentiality. Personal security details should be stored in proper ways. 

4. Collected data utilization, the details collected about a certain person shall only be used for the 
research and to nothing else.  

5. The promise of not leading the participant to any false pretences, a researcher shall not lure or 
trick any participants.   

 
This study consisted of many interviews and some personal meetings and these people were considered to 
be the group of participants, which had the highest risk of being treated unethically.  
 
The mail templates used during the data collection had a first section of explanation of who the 
sender/researcher was. They explained that the study was a student project which also was conducted 
together with a company, the company’s name as well as the aim of the study. The same information was 
also presented orally during any personal meeting or telephone interview. In this way the principle of 
transparency was included. During this initiating information in all interviews, it also became clear that 
all participation was optional, even though this was not always expressed verbatim, it was still always 
understandable. Also the fact that the company involved in the study was mentioned and their aim of the 
study, made it clear for all participants that a company was involved. Every interviewee was asked if the 
information gained during the interview could be used in final report and if the research was allowed to 
refer to the interviewee. Here they got the chance to be anonymous or even withdraw from the study.  
 
The summaries made after the telephone interviews, which also were sent back to interviewees, were also 
a way for the research to be transparent about what information from the interviewees that should be 
used. 
 
No personal information about the interviewees except for their name and professional title was gathered 
during this research and the permission to store this information was taken. Therefore, no sensitive 
information needed to be kept confidential. However, in the case of an interviewee asking for anonymity, 
the information would then be stored on the researchers computers and the researcher would never refer 
to the interviewee explicitly.  
 
Another point to address was the working ethics between us, the students. Although our tasks required us 
to work separately for the collection of data and the analysis of the results, it was obvious that still some 
collaboration was needed. This collaboration regarded common problems, which should be tackled or 
successful practices that would help the work to be executed smoother. Therefore the exchange of 
experiences and successful practises was a constant aim, as the authors believed this would enhance the 
overall quality of the work. 
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4.6.2 Ethical dilemmas 
During the data gathering for the market research in the Spanish F&B market, the amount of responses 
were few. An employee at Absolicon advised the author working with the Spanish market to use the 
student email address instead of the one provided by Absolicon. Furthermore the information about 
Absolicon being part of the project was suggested to be left out. The researcher followed the advice and 
eventually got more responses. At this point, the researcher did not reflect over the ethical consequences 
of this action and when it was realized, Absolicon had already taken part of the result. In technical terms, 
this implies that this research project has conducted some company espionage and for that reason these 
people and companies which were lured will be held anonymous in this paper. However it was always 
made clear to every participant that this was a student project. 
 
This ethical dilemma does not apply to any of the participants in the Danish DH market analysis. In that 
analysis every interviewee was informed of the participation of Absolicon and the research had no trouble 
with getting responses.   

4.6.3 Ethical impact on the society 
From a societal perspective one could say that this study is about energy supply, in the sense that 
industries are using different source of energy to maintain their production. The question is then raised 
whether the society should care about how we use energy today and which energy resources we use. For 
instance, is it ethically right to use energy resources which we know today is limited and will be gone in 
the future, like all fossil fuel. We may not run out of oil tomorrow but still, should we care about future 
generations? 
 
According to Shirani et al. (2013) we should. Shirani et al. conclude that the children, who are the link to 
the future, are strongly influenced and shaped by the behaviour and attitude of the present actions taken 
regarding energy uses and sustainability. So by taking actions, which serve to make a better future for the 
coming generations, we conclude that we are doing what is ethical right.  
 
For that reason one could say that STE technology is an ethically right choice for heat production, with 
respect to the fact that the fuel, the sun irradiation, is an endless source. Yet, even though its usage as a 
technology is good, one most always take more aspects into account, like the manufacturing- and the 
decommissioning of the product. Nuclear technology can, here be used as an example of a technology in 
which the unhealthy uranium mining (nuclear fuel production) and nuclear waste are issues which 
question the uses of the technology. The same applies for STE technologies; it does not matter if the uses 
of it are ethically right if the production of it implies human health problems or burning oil to get 
electricity, for example. Fortunately, there are ways of measuring the environmental impact of a product, 
based on its whole lifetime. The method often used is the so-called Life cycle assessment (LCA), which 
takes into account all steps in the manufacturing, usage and decommissioning. For measuring the social 
impact, there is a quite new and similar method, which is becoming more popular, namely the Social life 
cycle assessment (S-LCA). 
 
Ardente et al. (2005) concluded in their LCA of a solar collector, that 70-80 % of the collectors 
environmental impact was dependent on the material uses in the collector. Based on Ardente et al. this 
implies both that one should strongly consider the material use in the collector and that the 
decommissioning processes for collectors do not have that large impact. The final conclusion of the LCA 
was that solar collectors had a positive environmental performance. 
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5 Empirical results 
The empirical results consist of responses from interviews made with market actors in the two markets of 
interest. The responses within each separate market have been categorized and compared to each other in 
order to find patterns. In this chapter the interpreted of these interviews together with other found data is 
presented for each market segment. 

5.1 Food & Beverage industry, Spain 
The results shown in this section were collected by semi-structured interviews via email and telephone in 
February and March 2017. Moreover additional data were collected from relevant studies found on the 
Internet. 
In Table 2 a summary of the interviewees and their function in the companies is presented.  

Table 2. A list of the interviewees working in the Spanish F&B market along with their professional title and type of 
market actor they represent 

Market actor Title Number of 
interviewees 

F&B companies Director 
Employee 
Engineer  

3 
9 
3 

Technological 
centres4 

Employee 2 

Boiler manufacturer Employee 1 
 
The reluctance of the majority of the Spanish F&B industries which were contacted to be interviewed 
created several implications on the course of this study. First, the researcher was not able to focus on a 
particular segment of the Spanish F&B industry, even if he was aware that as the F&B industry is 
enormous in Spain and consequently it is likely that the industries in various segments operate very 
differently. Thus, the effort was concentrated on collecting data from any available respondent and then 
analysing the result. 
 
This reluctance also forced the researcher to interview some of his personal contacts with people living in 
other countries than Spain, but working in the F&B industry. Indicatively, two interviewed engineers who 
work in UK were considered as a valuable contribution to this study. This is because the multinational 
companies that they work, operate in the Spanish market as well and are probably operated in a similar 
way. Therefore, even if their input may not be considered relevant from the first reading, their interviews 
help to give an answer to the questions of this study.      

5.1.1 A framework for the Spanish Food and Beverage companies and current trends 
A brief framework for the Spanish F&B companies is presented in this section. The results presented here 
are the outcomes of a survey conducted in the context of the EU project Fair RHC Options and Trade 
(FROnT, 2016). The survey regarded the “End user decision making factors for Heating & Cooling 
system choices”. Note that this is a secondary data source, but it is chosen to be presented under this 
chapter due to that the information in it is seen as a finding. 
 
  

                                                
4 A technological centre is an applied research and development institution that takes already existing technologies and 
commercialise them. 
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The Spanish industry is heavily dependent on fossil fuels for the production of heat. Indicatively the 
majority of the industries produce heat with natural gas boiler (24,0%), heating oil boiler (18,0%), and 
LPG boiler (2,4%). In this sum, it should be counted maybe a considerable but undefined amount of 
industries, which reply as “Other” and use a coal-burning boiler. On the other hand the penetration of 
solar thermal heating technology is almost none existent (0,8%). Figure 9 illustrates these fractions in a 
pie chart (FROnT, 2016). 
 

 
The vast majority of the respondents are satisfied of the heating systems they use (91%) with the major 
source of satisfaction being the appropriate operating conditions for the particular industrial process 
(79%) (FROnT, 2016). 
 
It is remarkable that the most common reason that industries chose their current source of heat was 
because they were familiar with the technology (37%). This is especially true for the industries using 
natural gas boilers as source of heat (FROnT, 2016). 
 
The major source of information for issues regarding the heating in industry is the consultancy of 
professionals (93%) meaning architects and installers. Another source of information are the engineers of 
the company (14%) (FROnT, 2016). 
 
The principal factors influencing the acquisition of a heating system by the Spanish F&B industries are 
the energy savings (97%), the adaptability to the process (98%), the reliability and security (97%). Please 
note that in this question the respondents could give multiple replies (FROnT, 2016).  
 
The majority Spanish F&B companies (72%) participating in the survey are aware of the use of 
renewable energy in the industrial processes. Regarding the awareness upon specific renewable energy 
technologies, the most familiar is the biomass (50%) being followed by the solar thermal (41%) (FROnT, 
2016). 
 
At this point, it is interesting look at how the industries which are aware of the use of renewable energy 
for industrial purposes, actually perceive them. Most of the industries perceive renewable energy 
technologies as more costly than conventional ones (83%) but offering larger savings during the 
operational life of the product.  Renewable energy technologies are also considered to have greater visual 
impact and to be more environmentally friendly. On the other hand the conventional technologies for heat 
production seem more reliable, secure and available by specialized suppliers. The major disadvantage of 
the conventional heat production technologies is the large operational cost (maintenance and access to the 
combustible fuel) (FROnT, 2016). 
 
It results that 59% of the industries, which are familiar with renewable energy technologies for industrial 
purposes are disposed to pay more for the installation of a renewable energy system. A large part of them 

Figure 9. Distribution of heating systems in industrial processes Spain (Adapted from 
FROnT (2016)) 
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(27%) would pay between 10% and 25% more in respect with a conventional system and a considerable 
part of them (18%) would pay only 5 to 10% more (FROnT, 2016).  

5.1.2 Found market actors 
The following market actors have been found and interpret as key actors in the Spanish F&B market: 

• Industries, these are F&B industries which are the end users of the solar collectors 
• Energy consulting companies, are companies which usually provide studies for the best possible 

application of energy systems 
• Boiler Manufacturers, manufacturers of boilers that could be combined with solar collectors 
• Technological centres 

5.1.3 Interaction between energy consulting companies and F&B industries 
The role of the consulting companies is still vague after this study. Two consulting companies, which 
were involved in the Greenfoods project5, were contacted but no communication has been established. 
From information found on Internet it results that one of energy consulting companies did in one case an 
energy audit. Moreover the interviewee from a Spanish meat product manufacturer, which has installed a 
collector field, confirmed that a consulting company calculated the energy needs of that company. The 
consulting company did also indicate that solar collectors would be an appropriate solution for this 
company. However, the interviewee also stated that the consulting company was not involved in the 
installation. In this case the meat product manufacturer company found an installer company, which 
provided both the solar collectors and the installation services, see Figure 10. 
 

 
In another case it was reported that the engineering company in charge of the new installation was the one 
to assess and evaluate the providers of the equipment (turnkey solution). However this statement was not 
repeated in the rest of the interviews and can therefore not be seen as a pattern. 
 

5.1.4 The role of technological centres 
Another type of Spanish institutions involved in energy efficiency consulting is the technological centres. 
An interview with a Valencian technological centre, which also participated the Greenfoods project, was 
taken. The interviewee from the Valencian technological centre said that his organisation provides 
support services and information when an F&B industry wants to improve its energy efficiency. 
Depending on the case they can even redirect customers to their Greenfoods Spanish partners. The 
Valencian technological centre does not get involved in the choice of equipment provider, its role is 
rather consolatory. The choice of equipment belongs to the customer. However they can support the 

                                                
5 Greenfoods is a EU project which provides the users with information and tools for energy efficiency and renewable energy in 
the food and beverage industry 

Figure 10. A possible interaction scheme between consulting 
companies, F&B industries and installers 
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customers in the selection and assessment of the equipment providers. The Valencian technological centre 
can support its customers with technical report for applications for European funds if they request it. This 
support seems crucial for projects which aim to increase the energy efficiency of a small-medium 
enterprises (SME). As the interviewee stated  
   
“SMEs don’t carry out energy audits so that they don’t know if they can improve energy efficiency or how to do it. Available staff time 

and access to funding are also weak points of SMEs regarding energy efficiency strategies”  

5.1.5 Boiler manufacturers 
A multinational industrial equipment manufacturer was interviewed as boiler manufacturer. An 
interesting point that came up is that the multinational industrial equipment manufacturer in Spain does 
not sell its products to the end users but to distributors and installers. The multinational industrial 
equipment manufacturer does not design any industrial system but works along with engineering 
companies for large projects. The multinational industrial equipment manufacturer provides its customers 
academic training in all their products, so they know how to install and maintain them. Therefore this 
manufacturer is not an interesting customer segment for Absolicon because it would never buy solar 
collectors in order to sell them to end users.  
 

“We don't sell products directly to final customers. Our customers are the specialized installers who carry out the installation work 
and the maintenance of the systems. We provide them academic training in all our products, so they know how to install and 

maintain them”. 
Interviewee from the industrial equipment manufacturer 

 

5.1.6 Decision making process within Spanish F&B industries 
The decision making process in Spanish F&B industry varies great according to the size of the company 
and the origins of it. The size of the company is of crucial importance because it influences the structure 
of it. Based on the interviews, it seems that the bigger the company grows the more organizational layers 
are added in its organizational structure. This implies that it is more likely that more people are involved 
directly or indirectly in a decision making process. Moreover, medium/ big companies usually have a 
clearer division of labour than small ones, which actually means that more specialized personnel is 
involved in a decision.  
 
For the purposes of this report small companies are called those which have up to 49 employees, medium 
size companies those which have between 50 and 250 employees and big companies those which have 
more than 250 employees. 
 
The interviews have revealed various tendencies, which mostly differ according to the size of the 
company. The decision making process is rather simple in small companies. It is the director of the 
company taking any decision for new installation. 
 
The decision making process becomes more complex in medium size companies. There the most 
common way to take decision is that the chief executive officer (CEO)/owner takes the decision after 
consultation of engineers. This consultation can be either formal or informal. When it is formal there is 
usually a committee of engineers, which has a meeting and discusses the specifications of the new 
machine. This committee estimates and evaluates what solution would best meet the need of the company 
and then writes a proposal for the CEO. Then the CEO takes the final decision whether to buy or not 
according to the proposal.  
 

 “In our cooperative decision making process is divided in two stages: when there is a need to buy a new installation a group of 
engineers is gathered. Our group is composed by the production, quality, maintenance manager and its task is to discuss and 

evaluate the available proposals for a buy. Once the evaluation is over, we write a proposal to the general manager and then he 
decides whether to buy or not” 

Interviewee from a Catalan cooperative  
 

When the consultation is informal the CEO takes advice from engineers she/he trusts and then takes the 
decision on his/her own. This trend may vary in family, cooperative companies and non-family ones, as 
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the style of administration may be different. Two interviewees representing private, non-family 
companies replied that the “management” takes the decision for new installations. Although it is not clear 
how they take this decision, the word “management” may be sign of a collective decision of a board.  
 
In large companies various decision-making processes were revealed. In one case a big Greek meat 
products company, the director of a factory and the engineers working there write a report with the 
requirement specifications of the equipment that they need in the factory. Then they send this report to the 
department of supplies of the company which takes the offers and forwards them to the “investments’ 
committee”, a committee composed of key people in the big Greek meat products company. This 
committee will then take the final decision and forward it back to the department of supplies, which is 
responsible to execute the decision. This decision making process is summarized in Figure 11. 
 

 
Another way of taking decisions in big companies is described by an interviewee working at big 
multinational chocolate manufacturer in UK. There are two running budgets in the factory he works at: 
CAPEX (capital expenditures) and OPEX (operating expenditures). The salaries, reparation costs and 
maintenance are financed by OPEX while all the plans for purchase of new equipment are considered 
capital expenditures and are financed by CAPEX. The CAPEX is administered from the business and 
development department manager along with his team. They are responsible for taking decision upon new 
installations needed for the improvement of the factory. 
 
A last case of decision-making process in a big company comes from an interviewee working at a big 
consumer goods multinational in UK. The interview described a similar decision process as in the big 
multinational chocolate manufacturer but added another interesting point. The big consumer goods 
multinational has a special environmental fund, which is dedicated to the improvement of the 
environmental performance of their factories. Therefore if there is a project, which is eligible for this type 
of funding an engineer can directly apply for it and thus finance the project. 
 

“In our company there is a special fund we can apply for if we want to start an environmental project” 
 Interviewee from the big consumer goods multinational company 

 

Figure 11. Decision-making process in a large meat 
product company 
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Other functions related with the decision making processes 

The decision making process is often accompanied by other procedures which may influence it indirectly. 
Here the requests for quotations and preparation of contracts and the financing of a new installation are 
discussed. 

Requests for quotations and preparation of contracts   
The requests for quotation and the preparation of contracts are two processes, which often carried out by 
the same people/department. They are like the two sides of one coin. 
Thus in small companies, where the division of labour is low, it is usual that the manager/owner of the 
company takes both the requests for quotations and prepares the contracts. In one interview it was 
specified that the preparation of the contracts involves a lawyer working at the company. This is likely to 
be valid for also other companies although it was not stated explicitly in the interviews. 
For the medium sized companies several trends were observed. One case is that there is a 
technical/purchasing department, which is charge of taking the requests for quotations and for the 
preparation of the contracts. In other case there is an engineer who has the responsibility of taking the 
requests for quotations and then he prepares the contract with the help of a lawyer prepares a contract or 
without it. To sum up, no general trend was found for the medium sized companies. 
All the employees of the big companies who were interviewed stated that there is a separate department 
dedicated to gathering the requests for quotations and the preparation of contracts. 

Financing a new installation 
The most common way of financing new investments are bank loans and own resources both for small 
and medium size companies. Some companies said that they used or are interested in using European 
funds if they are available. However the use of European funds is not the norm but rather something 
extraordinary for the company. Yet, some local Spanish governments grant European funds as subsidies 
for the promotion of renewable energy. This has been the case for Spanish meat product manufacturer as 
the interviewee said that the solar collectors installed on the roof of their factory were partially financed 
by the local government.  
It is not clear from the interviews how big companies finance their investments but it has been revealed 
that some of them preserve special funds for particular investments such as the environmental fund 
mentioned by the engineer working at the big consumer goods multinational. 

5.1.7 Priorities for new installations 

What are the priorities of a F&B industry when it considers buying a new installation? Is maintenance 
and service a priority when a F&B industry considers buying a new installation? Are these priorities the 
same when the installation of a solar thermal system is considered? This section explores these questions.  
 
All the companies were asked about what their priorities are when considering an investment on 
equipment. The majority of them replied that they consider the price and the quality as the top priorities. 
A frequent answer was that the grade the product covers the specifications for the process they need it for. 
Functionality and the value added that the equipment brings to a process are also listed as a priority. The 
service does not seem to be a top priority for the companies perhaps because the companies have 
maintenance departments with the capacity to fix a wide range of damages. 
 
However the priorities of a company change significantly when it is about an investment in a renewable 
technology. The Spanish meat product manufacturer taken into consideration is a company, which has 
invested, in solar thermal installations in two of its factories. Hence, the interviewee from the Spanish 
meat product manufacturer stated that their motivation for this investment was driven by their desire to 
increase their energy savings and therefore obtain economic benefits. Another important factor was that 
they wanted to reduce the environmental impact of their company.  
The replies given by the employee in the Spanish meat product manufacturer are in agreement with the 
considerations made by the project manager working at the technological centre located in the Basque 
country. The interviewee stated that apart from the economic benefit coming from the energy savings, the 
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F&B companies are driven by the will to sell a “greener” product to the market as consumers tend to 
appreciate and reward the companies which make an effort to decrease their environmental impact. 
 
To sum up, it is likely that F&B companies which consider investing on solar thermal technology are 
indeed price-sensitive as for any other installation but attention should be drawn on the potential 
economic, marketing benefits that an investment in solar collector would bring to the company. Therefore 
even if a solar collector field satisfies the real need of an industry to reduce its energy consumption, it 
may also satisfy a secret need which has to do with the prestige of the industry, the classification of it as 
“green”. 

Maintenance and service 
The common practice is that the companies have their own team/ department, which is in charge of both 
maintenance and service of the installation. A probable reason for this is that the companies see it more 
cost effective to fix machines themselves when they have the competency to do it than buying external 
maintenance services. In fact, only in one case it was stated that the service is given to a subcontracted 
company. 
Service is usually requested when one machine is too sophisticated and the company does not have the 
competency/ knowledge to fix it. In other case a company can receive regular service for a machine when 
it is covered by its warranty or after a certain amount of operating hours.  
 
 
“Our company has its own department of maintenance and therefore we can fix everyday damages. However we receive scheduled 

service from the suppliers or after a certain amount of operating hours”. 

Interviewee from the big Greek meat products company 

5.1.8 Future trends 
Although this study has not identified how ESCos operate in the Spanish market and to what extent they 
do business with the F&B industries, it became evident from some interviews that they should not be 
disregarded as an actor. It is probable that ESCos in Spain will considerably grow in the following years 
and they will be able to deliver projects of large scale. This renders ESCos an interesting potential partner 
for Absolicon. Therefore further studies should be conducted to determine what is the potential of ESCos 
in the Spanish F&B sector and how Absolicon could establish a long-term cooperation with some of 
them. 
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5.2 District Heating market in Denmark 
The Danish DH market research is mainly based on 13 semi-structured interviews with market actors 
involved in the Danish DH industry. Additional information has been collected from reports, websites, 
protocols from companies’ general meetings and conference notes. In Table 3 below the 13 interviewees 
professional work titles and type of market actor they represent is presented.  

Table 3. A list of the13 interviewees working in the Danish DH industry along with their professional titles and type 
of market actors they represent 

Market actor Title Number of 
interviewees 

DH companies Directors 
Engineer 
Employee 
Business manager 
Operational 
manager 

2 
1 
2 
1 
1 

Consulting companies Director 
Engineer 

1 
1 

Equipment supplier Technical manager 
DK/SE 
CEO 

1 
1 

Turnkey contractor Technical consult 1 
Danish District heating 
association (DDHA) 

Technical consult 1 

 
In the interpretation, quotes from the interviewees will sometimes be presented. “I-number“ within the 
brackets, coupled to the quotes, refers whom the interviewee was and in appendix 3, a table with the 
references to all interviewees is presented. 

5.2.1 Found market actors 
The following market actors have been found and interpret as key actors in the Danish DH market: 

• District heating company, typically the end user of the solar thermal plant  
• Municipality, local authority, which sometimes also is owner of a DH plant  
• Kommunekredit, special credit institute which provided low-interest loans 
• Consulting company, Advising and typically independent companies with expert knowledge and 

project management resources. 
• Turnkey contractor, provides turnkey solutions to the customer 
• Component manufacturer, contractor which delivers certain parts to a system, like a boiler, a heat 

exchanger etc.  
• Installer, A service company which just does the assembling. 

5.2.2 Main drivers for district heating companies to invest in solar thermal energy 
As earlier outlined in this paper, Sœarensen & Trier (2012) found certain governmental initiatives and 
other underlying circumstances, that have lead to the growth of solar thermal plants in Denmark during 
the last 15 years, (recap. in section 2.2). These drivers have also been confirmed by many of the 
interviewees. The most common reasons for a DH company to invest in a collector field seem to be the 
energy saving benefits and the low interest investment loans that Danish DH companies can apply for. 
 

“Basically one of the reasons for the extension and relative success of bigger solar collector projects in district 
heating during the last five years is a subsidized program for energy optimization. All utility companies are 
obliged to obtain a certain amount of energy savings during different initiatives” 

Director at a Danish district heating plant (I4) 
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5.2.3 End user organization and decision making processes within the end user 
In Denmark the most common models of ownership for DH companies are through private cooperative 
societies with limited responsibility. Because the owners are the same stakeholders as the companies’ 
customers, there are no external investors involved, which require that the companies be operated to 
generate profit. All energy incomes that the companies get by selling heat and electricity are balanced 
with the production costs and maintenance costs. There are DH companies which are owned by 
municipalities and some which operated as regular limited companies with profit interest. However these 
just embrace approximately 50 respectively 10-20 companies out of the around 400 companies that are 
members in the Danish district heating association and do not representative any majority. (I17, Appendix 
3)  
 

“In Denmark most of the district heating companies are owned by the consumers, so-called cooperatives. Few 
companies are owned by municipalities or private companies like EON.” 

Technical consult at a turnkey contractor (I12) 
 
The owners are the highest authority and at least once a year the companies must convene a general 
meeting to which all owners are invited. On the general meeting the owners elect the company’s board 
members, chairman and vice chairman. The board must present the accounting for the previous year and 
the investment plan for the coming years, which both must be approved by the owners. After the board 
has been chosen, they get to choose a sovereign chief executive officer (CEO). The CEO together with 
the board, a subordinate manager or alone hires operational personnel which usually at least consist of an 
operational manager. The daily decisions are taken by the board or the operational management 
(Sœrensen et. al. 2012) (PlanEnergi 2013). 
 
Regarding investments in the company, different types of investment seem to be handled different ways. 
Investments can be either small or big, seen from an economic perspective. Small investments tend to be 
approved by the CEO or even a subordinate manager while it seems like big investments either needs to 
be approved by the board or by the owners at a general meeting. Which decision that must be approved 
by whom seems to differ between companies but it is regulated in the companies’ by-law.  
 
An investment in solar collector field seems to be a rather big investment regardless the size of the field 
and that is because of the system’s complexity and the change of the companies’ energy production mix 
and thereby their economy. The decision to invest is then usually made by the board or the owners at a 
general meeting, however the initiative and idea to invest can come from either a board member, the 
CEO, a subordinate manager or owners (Planenergi 2013). According to Kristensen (2013) an important 
task for the board to conduct when they want to do a big investment, is to inform the owners and 
consumers about the investment plans in order to meet support in the decision. The consumers must know 
why the investment is good from a technological and economic perspective. They also must feel that they 
have an influencing power.   
 

“Normally it is a board decision, but the CEO is the main entrance to the board. Very often the board present 
the project for a general assemblance before the decision” 

Engineer at a Danish consulting company (I7) 

5.2.4 Interaction between end user and consulting company 
Based on the interviewees, it seems that consulting companies in one way or another commonly are 
involved when DH companies invest in rather costly or big projects and a collector field is often, as stated 
before, considered as a big investment. The consulting company should, according to many interviewees, 
act as a representative to the DH company, like an agent and it should also act independently toward all 
involved contractors. This implies that the consulting company’s objective should be to do what is best 
for the DH company (their customer) and not favour any contractor.  
 

“When end user do big projects they often contact independent contractors 
because the end user don’t have necessary knowledge or time to set up a 
project group.” 

Technical Manager in an equipment supplying company (I2) 
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The first typical question a DH company wants to know is whether a solar collector field is a profitable 
investment. Based on the interviews, this seems to be a rather complex question that demands certain 
expertise and most of the DH companies seem to lack this knowledge. However some DH companies 
have the organizational capability to do there own feasibility study but they do not belong to the majority 
of DH companies. Based on the case that the consulting company is asked for a feasibility study, it makes 
the study and then returns with a feasibility result. After that, it is up to the DH company to make a 
decision whether to invest or not. The DH company can decide to carry on with the investment project 
itself, however in Denmark all DH companies are regulated by the Danish heat supply act, in which it is, 
according to one interviewee, stated that energy producing companies which want to make changes that 
affect their energy production, such as increasing/decreasing production or change of fuel, must present 
a project application for the municipal council. In order to get the project application approved, the 
district heating company must at least be able to show positive results in their business economy. Only if 
the council approves the application, the company can proceed with the project. The project application is 
a time demanding and also bureaucratic activity, which is a possible explanation to why to hire a 
consulting company to help them with it, but once again, to hire a consulting company or not depends on 
the organisation in the DH company.  
 

Question about hiring external project management: “Yes, that’s normal but depends on 
the internal available knowhow in the DH-company in each situation. (...) We have just 
invested (...) in a large biogas plant, with the assistance of three consultant companies and 
5 persons of own staff.” 

Director at Danish DH company (I4) 
 
It seems that most of the DH companies hire a consulting company to help them supervise and lead the 
big investment projects. Besides handling all governmental documents, like the project application and 
environmental permit, the consulting company sets up a requirement specification for the project together 
with the DH company. The requirement specification, which later is compiled to a tender specification, 
typically include:  

• Technical parameter,  
• Piping and instrumentation diagrams,  
• System performance requirements,  
• Warranty data 

 
“If	a	Danish	district	heating	company	wants	to	build	a	solar	heating	system	they	will	typically	
engage	a	contract	with	a	consulting	company.	The	consulting	company	will: 

• Handle	the	contacts	with	authorities	on	behalf	of	the	customer	
• Prepare	and	apply	for	the	project	approval	
• Prepare	and	apply	for	the	building	permit	
• Prepare	and	apply	for	the	environmental	permit	
• Prepare	tender	material,	P&ID	[Piping	and	Instrumental	diagram],	technical	

specification,	warranty	data,	commercial	terms	etc.	
• Handle	the	tendering	competition,	prequalification,	selection	of	supplier	etc.	

   Technical consult at a Danish turnkey contractor (I12) 
 

A sales manager at a equipment supplier reported that it is not unusual for the consulting company to 
contact different component suppliers and ask for certain technical specifications in this system design 
process. 
 
Depending on the project size and the will of the DH company, the tendering procurement can be 
conducted in different ways. Just one or a few contractors can be asked for a bid, several contractors can 
be contacted and asked or it can be treated as a public procurement. One interviewed DH company 
reported that they just selected one turnkey contractor without asking anybody else. However, the most 
common way seems to be through public procurement or that several contractors are asked for a bid. 
Some interviewees also reported that projects above a certain price limit (5,2 million €) must follow EU 
regulations for public procurement. According to some interviewed consulting companies a high amount 
of competing contractors is preferable because it can lower the price tag.  
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Question about how many contractors that are invited to leave offer if not public 
procurement are not demanded: “It differs, but normally 3-5 companies are 
invited to give offers” 

 
(...) 

 
“For projects beyond app. 5 mio. € the EU rules for tenders for public utilities has 
to be followed” 

Engineer at a Danish consulting company (I7) 
 

A Turnkey contractor is a company that undertakes itself to deliver the whole product solution, meaning 
that it will make sure that all necessary systems and equipment are installed and functionally operational. 
Compared to a scenario where the DH company would write separate contracts with the different 
component suppliers, for example: the collector supplier, the pipe supplier, the installer etc., a turnkey 
contractor just require one contract for the same product delivery and it is just one contractor that needs to 
be held responsible if anything dysfunctions. Based on the interviews, it seems that turnkey contractors 
are more likely to win a project procurement. 
    

“Normally the contractor delivers a turnkey solution, about 80-90 % of the 
projects are turnkey.” 

Director at a Danish consulting company (I6) 
 

“The project is carried out by one main entrepreneur. The main entrepreneur 
was picked after a tender.” 

Director at a Danish DH company (I5) 
 
The project procurement is usually conducted in several steps, where the first step is the already described 
requirement specification setup and the sent out of tendering material, which can be seen in Figure 12. 
The circle arrows in Figure 12 represent an ongoing process until both parts are satisfied. The interested 
contractors submit their interest to the project along with a product solution. The next step (step 2) is the 
pre-qualification, in which the consulting company evaluates which of the contractors that are qualified. 
According to some interviewed consulting companies, an important thing when evaluating contractors is 
whether it is probable that the contractors will be able to what they have promised in their interest 
applications. The contractors should be economic strong and have the necessary technological 
knowledge. After the pre-qualification step, 2-3 contractors are chosen, supplemental tender material is 
sent if not already included in the first sent out and the chosen ones can return with a final offer, where 
after the negotiation step begins.  
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The different offers are compared, separate negotiation meetings are held with each contractor, product 
offers can be revised and presented at new negotiation meetings until both the DH company and the 
contractor are satisfied. In the end, typically one contractor is chosen for the project, however some 
interviewees reported that several contractors were chosen but in those cases the project was divided to 
several subprojects. The consulting company can help the parties to write the contract but it is also 
common that both parties have their own legal representative present, which will help with writing the 
contract.  
 

“The process have all the way been a cooperation between Ramboll [Consulting 
company] and Silkeborg forsyning [DH company]. Ramboll have done the hard parts by 
writing all the documents and we have been reading and commenting on everything, to 
make sure we got what we wanted. The bargaining and election was also done in 
cooperation before we put signature. “ 

Director at Danish DH company (I5) 
 
It is normal that the consulting company has the overall project management responsibility but this seems 
to differ from case to case and some of the interviewees reported that it could also be the turnkey 
contractor, which has the project management responsibility. However it seems common that the 
consulting company works as a representative for the end user until the turnkey contractor has handed 
over the project and it is confirmed that everything works as requested.  
 

Question about who does the project management: It is normally a consulting company or 
a total contractor 

Engineer at a Danish consulting company (I7) 
 

5.2.5 Interaction between end user and other actors 
Regardless if a consulting company is involved or not, it seems that Danish DH companies prefer to 
choose turnkey solutions for big project. The organisation of the turnkey contractor company can differ a 
lot and it has been found in this study that it either has its own manufacturing of all major components, it 

Figure 12. Typical procurement steps for solar collector field 
projects 
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can just have a few components manufactured like the company Arcon-Sunmark or they can have no own 
production, just contracts with subcontractors, like AEA.  
 
There are several ways for contractors to find information about upcoming projects where published 
tendering material on public databases is just one way. The interviewed technical consult at the turnkey 
contractor reported that they tried to have a close contact with all DH companies and tries to find out 
about projects already in the idea stage.  
 
Contracts are typically written between the turnkey contractor and the DH company. If the turnkey 
contractor has subcontractors, they have separately written contracts between them. Based on interviews, 
this means that the turnkey contractor usually stands for all warranties for the product and that it also 
guarantees the quality of subcontractors’ products toward the DH company. Business between DH 
companies and subcontractors, like component suppliers or installers, does also occur. These types of 
businesses often regards investments less expensive or/and less complex, like a pump change or pre 
insulated pipe system, for example.   
 

Spirax Sarco do a lot of business with end users as well. Many of these cases applies to smaller projects and 
where it is to expensive for the enduser to go via a consultancy company.   

   Technical Manager in an equipment supplying company (I2) 
 

On the question about which market actors that the interviewees would suggest suitable for a solar 
collector manufacturing company, the answer differed a lot. Some suggested to sell direct to the end user, 
some to a turnkey contractor and one CEO at a equipment supplying contractor said that becoming a 
component contractor selling direct to DH companies is a dead market. The same CEO also explained 
that in order to make installation works in Denmark, special education and certificates are mandatory.   

Capital flows and product flows 
The incomes to a DH company are as stated before balanced to the companies cost and expenditures 
during the whole lifetime. This means that a big investment, like a solar collector field will affect the heat 
price that the consumer and also owner must pay. However, DH companies in Denmark can get loans 
with low interest from a special governmental credit institute called Kommunekredit. Kommunekredit 
can give low-interest loans because the local municipality guarantees the payback of the loan. So for a 
DH company that wants to do a big investment, they ask the municipality for a loan guarantee and for that 
they must pay the municipality a fee until the loan is entirely paid back. With the loan guarantee they can 
then get the low-interest loan from Kommunekredit. The interest can either be flexible or fixed and the 
payback time of the loan is normally set to 20 years or more. The reason for the long payback time is that 
the economic lifetime of a collector field is normally 20 year or more. This makes the annual surcharge 
for the consumer lower, compared to a investment with a payback time of 2-3, which is normal for many 
other types of investments. DH companies did some years ago get subsidies for solar collector 
investments but not today. The only subsidy they do get today is that they can sell the first year of solar 
energy production as an energy saving action aside from the income from selling it as regular heat.   

Turnkey scenario 
In Figure 13 the capital flow and product flow is presented for a scenario in which a turnkey contractor 
delivers a solar collector field to a DH company. This scenario is chosen to be presented in a figure 
because it is the most common scenario. The incomes to the DH company comes from the consumers and 
the investment loan from Kommunekredit. They must always repay the loan though installments and pay 
the local municipality a fee for the loan guarantee. The consulting company usually just delivers its 
services and the DH company pays it for that. All the deliverable services are regulated in a contract 
between them.  
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The payment goes directly from the DH company to the turnkey contractor, which in exchange delivers a 
turnkey solution. The turnkey contractor in its turn writes separate contracts with subcontractors, like 
component suppliers and installers and pays them for their products and services. 
  

“It is the consulting company who stand closest to the customer and who represent the 
customer, however the project contract is always between the customer and AEA as a 
turnkey contractor. “ 

Technical consult at a turnkey contractor (I12) 
 
As already mentioned, there are several ways to do this kind of investment projects. One interviewee at a 
DH company, which recently has invested in a new biomass boiler, reported that, the investment project 
had been split up in 12 different subprojects with separate tendering processes and contractors. They also 
had assistance from three different consulting companies and five persons from their own staff were 
involved in the project.   
 

“The project management has been an independent company, independent of each 
contractor, and they are our representative in the project and on site. The cash flow is 
directly from the investor to each contractor” 

Director at a Danish DH company (I4) 
  

Figure 13. Capital flow for a typical turnkey investment in the Danish 
DH industry 



 44 

5.2.6 Identified values 
Some of the interviewees, most of them employed in DH companies, were asked what they consider as 
important values with big investments like a solar collector field for instance. The general answers were 
that the project should be delivered in time and according to the requirement specification. However 
when evaluating a project offer from a contractor the output production [delivered energy/year] and the 
production prices [price/produced energy] is important factors and the DH companies also want some 
guarantees for that the system will function as promised. Some other factors that seemed important are 
listed below: 

• Dependability, meaning that the system will operate without any problem 
• The contractor should be reliable and have a high technical understanding of the customer’s 

energy system 
• Quality check before the system is handed over to the owner 
• Maintenance 
• The contractor should have references of earlier installations 
• Warranties of the system 
• Quality goods 

5.2.7 Current trends and future prognoses in the market 
In 2011 The Danish Energy Agency financed a project, which aim was to come up with an action plan for 
increasing the share of STE in the Danish energy system. In the action plan prognoses for the 
accumulated sale between 2012 to 2030 were presented for different scenarios. With year 2010 as 
reference level, the basic scenario showed a linear growth of the accumulated collector field area with the 
result of ten million m2 more collector field area at 2030. With the same reference year but for a scenario 
where certain actions were taken to increase the accumulated collector field area, an exponential growth 
was predicted. The accumulated result in year 2030 was predicted to over ten million m2 new collector 
field area, were approximately 8 million was predicted to be sold to the DH industry (Nielsen et al. 2011). 
Both scenarios show a steady growth in the terms of installed solar collector area, where the main growth 
is expected to be in the DH market.  
 
In the international energy agency’s solar heating and cooling (SHC) programme, one subtask is the Task 
55 - Integrating large SHC systems into district heating/cooling networks. On a task meeting in March 
2017 where one of the researcher of this paper attended, Jan Erik Nielsen from the Danish consulting 
company Planenergi presented a country report for Denmark with the subject: Integration of STE in DH.6 
In his presentation he could conclude that the growth of accumulated collector field area had been even 
bigger than the best scenario in the action plan written by Nielsen el al. (2011). In Figure 14 the action 
plan scenario is presented, where the cross-marks indicates the actual growth until 2016.  
 

                                                
6 Jan Erik Nielsen, Technical consult at Planenergi, presentation during Task 55 meeting in Aalborg, May 14, 2017 
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Even without policy assistance the share of STE is predicted to grow steadily and in the presentation, 
Nielsen also presented a prediction of that the STE would cover 2 % of the DH energy supply in 2017, 
which is an increase of 1 %-unit based on 2015 levels. However, changes in policy making could have an 
impact on the growth. During an interview on 29 of March, Bundegaard Eriksen, R. (I17) from the 
DDHA stated that, there are around 100 solar heating plants in Denmark today owned by around 80 of the 
approximately 400 members in the DDHA. The market has according to Bundegaard Eriksen room for 
another 100-200 more plants. But new regulations in the legislation regarding energy saving from solar 
heating plant can affect the willingness to investment of DH companies. The new regulations set a limit 
for how much production can be translated to energy saving credits. The limit is 8 000 MWh and it will 
affect all solar heating plants projects which get approved after the 30 June 2018. In an information 
meeting held by the DDHA about the regulation change, only five DH companies attended and these 
were all some of the biggest DH companies in Denmark. According to Bundegaard Eriksen this could 
indicate that the smaller DH companies do not know whether they should invest in solar heating, heat 
pumps or something else; and that the bigger companies have interest in solar heating. In 2019 some 
subsidies will be removed and it could be that this action will help smaller DH companies to decide, 
however Bundegaard Eriksen had the feeling that the market for selling STE to smaller DH companies is 
saturated. Nielsen in the other hand, saw a trend in which DH companies that already have solar heating 
plants are expanding their fields because of the good result from having STE.  
 
On the Task 55 meeting there were also a field trip to Taars DH plant. Taars DH plant has the world’s 
first solar plant where a FPC field and a PTC field are combined. The PTC field was manufactured by 
Aalborg CSP, which also was the turnkey contractor of the plant. The executive Vice President Jes 
Donneborg, presented the plant and the benefits of combining FPC and PTC. The FPC has a high 
efficiency for low operational temperatures and low for high temperatures, the PTC on the other hand has 
a high efficiency for higher operational temperatures. This means that the fluid flowing in the collector 
field can be preheated in the FPC field, up to around 70 °C and the heated to 90 °C in the PTC field. By 
combining the technologies, Donneborg stated that the overall efficiency of the solar plant got higher and 
he also predicted that this would be the future for many of the already installed solar plants that just have 
FPC field; that the next time the will invest in solar heat, they will combine their already existing fields 
with PTC fields.  

 

Figure 14. The prognosis of installed accumulated collector field area in the Danish 
DH market together with the result until 2016 (cross-marks)(Source: Jan Erik 
Nielsen, Planenergi, 2017) 
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6 Analysis 

6.1 Comparison with theoretical framework 

6.1.1 Food and Beverage market in Spain 
The empirical data, which has been collected, showed that the penetration of STE technologies and in 
specific the solar collectors are rather low in the Spanish market of F&B industries. Based on the 
diffusion of innovation curve (Rogers 2010), this implies that the market of the solar collectors in the 
Spanish F&B industry is mostly composed of the innovators today. 
 
The immaturity of the Spanish F&B market creates the need that Absolicon develops a strategy to attract 
attention for its products. The AIDA model would constitute a good preliminary strategy, which would let 
Absolicon to make its first steps into the Spanish F&B market. Thus, as the market is in a rather primitive 
stage and Absolicon is yet unknown in Spain, certain actions to attract attention on both the solar 
collectors and the company should be adopted. The next step should be to create the desire to the 
customers to buy the Absolicon’s solar collectors. This point should be given special attention since 
results from the empirical research showed that it is often not enough to sell only solar collectors to the 
Spanish F&B industries. Last it is necessary for Absolicon to understand what would trigger action from 
the industries’ side in order to buy and elaborate relevant strategies, which would lead it to successful 
sales. 
 
At this point it is useful to analyse the different needs of the Spanish F&B industries according to the 
categories proposed by Kotler & Keller (2016:29). If asked all the industries would say that they indeed 
want to achieve savings (stated need). However their actual need is to increase the energy efficiency of 
their industrial processes (real need). An unstated need would be that the industries expect Absolicon to 
solve any solar collectors related problem as soon as possible. Moreover the industries would appreciate 
if Absolicon helps them to maximize the performance of the solar collectors they bought. Last a secret 
need of certain industries would be that they want to be seen as a “green company”, innovators in the 
sustainability field. Perhaps this would be the reason they would be interested in buying solar collectors.  
 
As stated before, the empirical data showed that it is not enough for Absolicon to sell its solar collectors. 
This comes in agreement with the theory proposed by Lekvall & Wahlbin (2001:35) regarding to the core 
product and other services, which influence the customer’s perception of the product and satisfaction. In 
Absolicon’s case it is actually accompanying services as energy audit and monitoring of the installation 
that would convince a customer to buy and actually increase significantly the perceived value added and 
probability to become a returning customer. This topic will be further discussed in section 6.2.  
 
But who is Absolicon’s customer within the industries? This can be a complex question to answer. 
According to Kotler & Keller (2016:106) B2B sales involve a series of employees participating in 
decision making processes, the so called “buying centre”. It becomes evident that the people involved in 
the decision making processes increase along with the size of the company. Hence, while in small size 
companies the decisions are usually taken by the owner, it is usual that in the big companies employees at 
several different layers / department have to give their consent for an investment.  If Absolicon decides to 
make an effort to sell to big companies then it should definitely have a plan to deal with the many 
different employees of the customer, who may be involved in the sale.   
 
In medium sized companies, the actual people to address within the customers would be the engineers of 
the companies. The engineers (“the users” in Kotler’s terms) were found to be able to influence the 
decision-making process or even take a decision in some cases. Therefore Absolicon should address to 
the engineers of a medium size company because if convinced they can act as agents of an investment in 
solar collectors. 
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6.1.2 District heating market in Denmark 
It is evident that there is a market for selling solar collector fields to the Danish DH industry. When 
comparing the Danish DH market with Rogers’ Diffusion of Innovation curve (2010), (Figure 6), and 
takes the trends presented in Figure 2 and Figure 14 into account, it is clear that the market has passed the 
innovators phase and maybe even the early adopter phase. The Danish DH market is well established. The 
technology is known by all potential end users (DH companies). One fifth of the end users has adopted 
the solution and no future prediction is pointing towards a stagnation, based on the diagram for 
accumulated collector field area. All above arguments indicate that the market is in the early majority 
phase. The good test results from Taars DH plant, where FPC and PTC was combined, could implicate 
that end users that already has solar plant this the FPC technology will reinvest in PTC the next time they 
expands, which is the same collector model as Absolicon’s T160 collector. This will then also be an 
argument that indicates that the market still has a lot of potential. 
 
It is no question about the DH company being the end user for a collector field in this market. The need 
that a collector field fulfils, according to Kotler & Keller (2016:29) is a combination of a stated need, a 
real need and an unstated need. The real need is that DH companies must act upon governmental 
regulations and show certain energy saving actions, which also make them aware and able to express their 
need, which is a stated need. The unstated can be explained by group influence. As one of the interviewed 
operational managers reported, the DH company he worked at decided to invest in solar collector field 
due to that many surrounding companies had invested and were satisfied. In this case the DH company 
was clearly influenced by others without knowing it.  
 
From the empirical results it is also evident that there are more values integrated in collector field seen as 
the core product than just the core product. As Lekvall & Wahlbin (2001:35) stated, a one-stop shop is 
preferable for the customer and the same applies for selling collector fields to DH companies. Many of 
the companies, which have invested in solar plant, stated that it was turnkey solutions and also a lot of 
other market actors reported that it was the normal way of doing it. Education, warranties, service and 
quality were also frequently stated as important values for the end user. The impact this has on and 
organisation in a selling company like Absolicon, is that it must have a service team and staff that prepare 
educational material. Besides this, warranties material must also be prepared and kept updated.  
 
Based on the AIDA model, it seems that the customers, if assumed to be the end user, already have some 
awareness of what product solution and technology there is in the market and which ones would satisfy 
their needs. But with that said, it is not necessary the case that they have the awareness of Absolicon as a 
company. In fact, the chances that they do know about Absolicon are rather small due to the large leading 
solar collector manufacturers, which already are established on the Danish DH market. So for Absolicon 
it would be necessary to first get the awareness and interest of the customer. Now it becomes important to 
look through the people involved in the customer’s buying process. Based on the different actors 
explained by Kotler and Keller (2016:106), the user in a DH company would be the operational staff. 
They should have a certain influence power according to Kotler and Keller, which also is confirmed by 
the empirical results. The operational staff could also be the initiator or the influencer, but according to 
the empirical result, it is the CEO who better fits in this categories. The CEO has a great influence on the 
decision makers, which most of the cases seem to be the board and the board get the approval from the 
owners/consumers of the DH company. Kotler and Keller’s Buyers actors are not that easy to determine. 
The buyers are the people who have the formal authority to select the supplier and arrange the purchase. 
The persons who have this authority in a DH company vary depending on the organisation, but it is some 
sort of project coordinator. It could be a board member, the CEO or a person picked from the operational 
staff. Regardless of who the buyer is, it seems like is it the boards decision to approve the suppliers. The 
Gatekeepers, which Kotler and Keller explain as a person standing in between the seller and the important 
people in the buying process, can not really be found in the Danish DH market. During this research it 
was almost always easy to find contact information to, operational staff, the CEO or the chairman of the 
board. A gatekeeper could be a receptionist or a switchboard operator but it seems like she or he does not 
have a strong influence and would put one forward to the person asked for.    
 
In above section it is assumed that it is the end user which is Absolicon’s potential customer, however it 
is not necessary the case. One other potential customer segment that was found is the turnkey contractor, 
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which needs a collector supplier to its projects and here Absolicon could become a subcontractor. If doing 
business with a turnkey contractor it becomes equally important to use the AIDA model and evaluate 
what actions is necessary to take. It could be easier to get the turnkey contractors awareness due to that 
they are fewer in the market and they are interested in comparing different subcontractor in order to find 
the best one. The way of getting their interest, desire and action has not been a focus area in the empirical 
study, however a further analyse of them will be conducted in section 6.3.4.  

6.2 Market opportunities F&B Spain 
The analysis in this section of the study targets to provide Absolicon with some proposals for a successful 
entrance in the Spanish F&B market. The proposals are focused on raising of awareness around 
Absolicon. Moreover some considerations about a good value proposition are discussed. 

6.2.1 Essential elements for a good value proposition  
An interview with a representative of an Austrian applied research institution revealed that the sale of 
solar collectors only would not be an attractive proposal for the industries. Thus, according to the 
interviewee, a successful sale should essentially include two elements: a free energy audit and a 
monitoring service after sales.  
 
The free energy audit is necessary in order to point out what is the best and most profitable way to 
integrate the solar collectors in an industry. Therefore the energy audit is required to show in which cases 
the solar collectors work better than any other energy saving technologies. This is useful knowledge 
because no industry would invest in solar collectors if they can save the same amount of energy for a 
specific process with a cheaper technology (for example heat pumps). Moreover the energy audit could 
show that the combination of solar collectors with another energy saving technology would be the best 
solution for the customer and this should be seen by Absolicon as an opportunity for partnership with 
other equipment providers rather than a threat. 
 
The monitoring service consists of the provision of support by Absolicon to the customer for the 
optimization of the installed solar collectors’ field over a certain period of time. This provides the 
customer with the security that the field will be fully operational at optimal performance and it is likely to 
raise the customer’s satisfaction level and confidence towards Absolicon. Thus, this after sales service 
should be given special attention by Absolicon as a satisfied customer (industry) is more likely to suggest 
Absolicon other potential customers. 
To sum up, a free of charge energy audit and a monitoring after sales service seem to play crucial role for 
both a successful sale and the viability of sales in the long run as they increase the perceived value of the 
solar collectors by the customer.  
Another important issue, which may have to be addressed, is the accessibility of funding for investments 
in solar thermal technologies. According to the interviewee from the Austrian institute, some industries 
perceive the existing finance schemes as complex (too much bureaucracy) or they do not even know 
about them. What is more, the banks are usually not familiar with projects in energy efficiency and thus 
they are hesitant to finance them. To tackle these problems a Horizon 2020 project has started. The 
project is and its results should be taken into consideration (TRUSTEE 2017).	 

6.2.2 Ways to promote Absolicon’s solar collectors in Spain 

Direct sales not appropriate at the moment 
A potential strategy to begin with could be the deployment of a sales team, which is either based in Spain 
or in Härnösand but visiting Spain regularly. This would provide Absolicon with valuable experience 
about how the market of the Spanish F&B works and allow sales with high margin of profit. Even though 
this is a strategy to be seriously considered in the future, this should not be a priority at the moment. A 
sales team would be an expensive and risky way to enter in the Spanish market, as Absolicon does not 
possess any solid knowledge of how the Spanish F&B market actually works. Moreover Absolicon lacks 
at the moment a number or references (companies or other institutions which could serve as guarantees) 
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in Spain, which would facilitate the direct sales. Therefore other preparatory steps are needed in order to 
guarantee the prospect of a successful market penetration in Spain. 

Renewal of the webpage with content in Spanish 
Currently the Absolicon’s website is mostly updated in Swedish. The English version of the website has 
relatively recent news in English while the Spanish version of the website is completely out-dated. Thus, 
it is of big importance to update the website of Absolicon as it is one of the main sources of information 
for the company. Moreover, it plays an important role for the creation of a positive image for Absolicon. 
According to AIDA, a necessary step for sales is to create awareness, then the update of the Absolicons 
website in at least in English should be a priority. Moreover the update of the website in Spanish should 
be also considered in order to enhance its user friendliness to a range of potential customers who are not 
comfortable with using English. 

Preparation of promotional material in Spanish 
So far most of the promotion material produced by Absolicon is mostly produced in Swedish and there is 
also some material in English. While English could be considered enough for the first contact with the 
Spanish market, Absolicon should dedicate some resources to translate existing material or to produce 
new material in Spanish. Although this is not a high priority, Absolicon should care to make the 
information about it easily accessible and understandable to its potential customers. Although in the 
international business context everybody is to have satisfactory knowledge of English, the concept of the 
buying centre (Keller & Kotler 2016:106) implies that many different employees may be involved in a 
sale and it would be mistake to suppose that all of them are fluent in English.   
Therefore despite the mass production of any printed material is not advised due to considerable cost, 
some electronic material in Spanish would help Absolicon to raise awareness for itself and facilitate its 
way to the Spanish market.   

Find a uni-partner for demo installation. 
As shown in the SWOT analysis the lack of proof for the Absolicons solar collectors steadily operating in 
a F&B industry can prevent a large amount of potential customers to take the decision and actually buy 
solar collectors. This is understandable as many industries may see it as a waste of money to invest in a 
new technology if they are not completely sure that the solar collectors do work under their operating 
conditions. Therefore an operating demo installation in a F&B industry would be a very convincing factor 
for many end users, making them more comfortable to take the decision to buy. Therefore, a pilot 
installation in Spain could turn to a powerful marketing tool if marketed in the right way. A challenge 
would be to find a company willing to be engaged in a pilot installation.  
A possible way to build collaboration with an industry is perhaps through a university or a research 
centre. In this case a value proposal for a university is to provide the university the motivation to study 
the solar collector installation in exchange of giving access to an industrial partner. This would obviously 
benefit Absolicon with the proof of a fully operating installation but also with a better understanding of 
both its product and of how various Spanish institutions interact with each other. Last if the results of the 
academic study accompanying this project are public, this would help to enhance the public perception of 
solar thermal technologies and hence increase the chances of future successful sales.			 

Business to business relation based marketing 
B2B marketing is mainly relation-related marketing. Therefore it important for Absolicon to find the right 
Spanish business partners who would help the company to establish a network of 
collaborators/customers. Thus, some actions should be taken to acquire new contacts in Spain and 
establish partnerships. In the following section some proposals are discussed. 
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Alliance with a technological centre for the establishment of cooperation for the initiation of a network of 
potential customers/ distributors 
The alliance with technological centres should seriously be considered. Although the technological 
centres in Spain are institutions, which are more focused in applied research, they can give access to a 
wide range of Spanish agencies/companies, which will help Absolicon to establish a network in Spain. 
The contact with customers of the technological centres can be beneficial in two ways:  

a. It would let Absolicon know who are the distributors from which they buy machines from. Some 
of these distributors could become Absolicon’s partners.	

b. It could lead to direct sales.	
 
The aspect a. is particularly interesting because as Absolicon cannot support a team of direct sales at the 
moment, it needs the collaboration with an established distributor, which already knows how the market 
works and the needs of the industries. 
 
For the purposes of this report a Valencian technological centre was contacted. The contact person replied 
that they does not come to any agreement with any solar collector provider as this would possibly lead to 
conflict of interests with some of their associates. However promotional material was sent to Valencian 
technological centre with the prospect of Absolicon participating in some informative meetings organized 
by them in the future. Consequently, if it is not possible to start a sales-directed cooperation with a 
technological centre, Absolicon should consider forming an alliance with it in order to gain knowledge 
for the development of the solar collectors. 

Relevant meetings 
Although it is questionable what would be the best way for Absolicon to start building a network in 
Spain, soon or later it will have to attend some meetings of the F&B sector in order to get contacts, start 
building relationships and acquiring a better understanding of the needs of the Spanish F&B industries. 

Madrid Food & Drink Summit 2017 
Madrid Food & Drink Summit 2017 is an event organized by the Spanish Federation of food and drinks 
(FIAB) and repeated every second year (FIAB 2017). This year the event will take place on the 15th of 
June.  Although its agenda will be exclusively focused on matters of interest for the Spanish F&B 
industry, it is maybe a nice chance for Absolicon to join this event and get some contacts in the industry 
sector. The participation in the event is free of charge.  

Envifoods 2018 
The “Envifoods meeting point” is a subunit of a wider exhibition called FSMS (Sustainable 
environmental solutions forum), which attracts approximately 9.000 visitors. Envifoods is organized by 
FIAB and it focuses on enhancing sustainability and competitively of the Spanish F&B sector (FSMS, 
2017). This meeting is accompanied by a congress which gathers important Spanish F&B companies 
which are active in the field of sustainability, distributors of renewable technologies’ equipment, 
technological centres and consult companies specialized in providing sustainable solutions. The next 
version of Envifoods is at 14-15 June 2018 and it is an excellent opportunity for Absolicon to participate 
and get in touch with potential customers and collaborators. The participation with a stand is not 
suggested at all because of high cost but still the presence in this exhibition can be very beneficial for the 
company especially in terms of networking.  Last, the participation in Envifoods will give Absolicon the 
chance to obtain a detailed image of the Spanish F&B market and get in contact with on-going trends in 
the Spanish F&B industry. 
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6.3 Market opportunities for the Danish district heating market 

6.3.1 Comparison of customer segments 
Based on the empirical results and the comparison with the theoretical framework, two market actors has 
been pointed out as potential customer segments for Absolicon to sell collectors to, namely: DH 
companies and turnkey contractors. Consulting companies are not recognized as good customer segment. 
In this section advantages and disadvantages of the two potential customer segments is listed and the 
reason for not selling to consulting companies is also further explained.   

District heating companies 
Advantages and disadvantages of selling to DH companies is listed below: 
Benefits Drawbacks 

• Implies selling direct to end users. 
• Larger customer segment compared to 

other segments found. 
• Promising market trend where the 

prognoses say that the DH market will 
keep invest in Solar thermal plants 

• Long and bureaucratic process before a DH company 
gets an approval for an investment (general meetings, 
project application from the municipality, etc.). 

• Danish DH companies seem to want turnkey solutions, 
which mean more effort from the selling company.   

• Competing at an abroad market could imply a 
disadvantage of the customer preferring a domestic 
company 

Turnkey contractor 
Advantages and disadvantages of selling to turnkey contractors is listed below: 

Benefits Drawbacks 

• Constantly scanning the market for new projects, implies 
that Absolicon does not need to do that. 

• Due to that other collector manufacturers like Arcon-
Sunmark and Aalborg CSP also work as a turnkey 
contractors, other turnkey contractors could be interested 
in outcompeting out them with other collectors. 

• That Absolicon selling to turnkey contractors as a 
subcontractor implies that Absolicon just needs to sell 
collectors and nothing else, which is more suitable for the 
organisational structure of Absolicon today. 

• Fewer market actors to establish contact with.  
• Possibilities to get more orders from one contract, 

compared to doing business with one DH company.  
• Turnkey contractors which are already established in the 

market are more likely to get contact from end users which 
want to purchase 

• Greater uncertainty of when to get new 
orders. 

• Turnkey contractors could demand 
greater warranties and earlier references 
because they also gets trouble if the 
collectors dysfunction. 

 

Consulting companies 
Consulting companies are not a suitable customer due to that they are not interested in buying any solar 
collectors. It seems like many of them want to market themselves as the independent representative for 
the customer in that meaning that they do not have any favourite contractors and they only do what is best 
for their customer. However, they do also want as many contractors possible to apply for projects for a 
better price competition. For a contractor as Absolicon, it could in the future be valuable that all larger 
consulting companies know about them, in order to get invited to different procurements.  

6.3.2 Evaluation of the potential customer segments in the Danish DH market 
Although it is possible to sell to both DH companies and turnkey contractors, just one of them is chosen 
for further analysis. Selling to DH companies will most likely imply that Absolicon must provide turnkey 
solutions, which require a lot of effort. First of all, almost all DH companies will choose contractor from 
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a tender process in which contractors will be compared toward each other and in for this process, 
Absolicon needs to compile a lot of tender documents in order to be interesting. If Absolicon would win a 
contract to a DH company, there is still the installation process to take in consideration. If Absolicon 
chooses to use its own staff for the installation, that demands the proper education and certificates, which 
is required in Denmark, as was found out in the empirical results. For the installation work it could be 
easier to hire a local installer company but that will also imply another cost. Either way Absolicon needs 
to find subcontractors for the pipes, pumps, heat exchangers etc. The fact that the process of when a DH 
company decides to invest to an actual business is very long is also an argument for not focusing on DH 
companies as a customer segment. Because if Absolicon would contact them and try to convince them to 
buy Absolicon’s collectors, that would take a lot of resources and time which in the end maybe does not 
result in any deals. 
If Absolicon chooses to sell collectors to turnkey contractors, it would imply much less effort. The search 
for new potential projects and the whole tendering process would be handled by the turnkey contractor 
instead of Absolicon. The turnkey contractors are always searching for new projects and do most of the 
times already have established contacts at the DH companies, which makes them more trusted by the DH 
companies. By selling to turnkey contractors, Absolicon just need to focus on the activities involved in 
the collector, like manufacturing and delivering. They do not need resources for the other activities in the 
delivery of a thermal solar plant.  

6.3.3 Key factors necessary for selling to a turnkey contractor  
In order to find which factors turnkey contractors consider important when choosing subcontractors, a list 
on what was thought on beforehand to be important was compiled by this study’s authors. The list was 
revised after consultation with Absolicon’s employee with responsibility of international affairs and can 
be found in appendix 4. 
 
Eleven Danish turnkey contractors were then contacted, first by email and then by telephone. They were 
asked about what they considered as important key factors, with respect to the list. The aim of these 
interviews was to evaluate the list of important key factors and revise it with respect to the contacted 
turnkey contractors answer. Only two of the contacted companies had the time and interest to participate 
in an interview and three of the turnkey contractors, which did not want to participate, explicitly stated 
that they did not do business in the solar energy field. One of them stated that the reason was because the 
STE market is a very price fixed market with low marginal and many suppliers, so that company was not 
interested in that market7.  
 
Of the two turnkey contractors, which did answer the following key factors was identified: 

• A low and competitive price on the product. 
• Guarantees of delivery on time. 
• Guarantees of that the product works and what will happen if it does not work. 
• Education material, like operating manual. 
• Maintenance material, like service protocols and troubleshooting guidance. 
• The product must live up to some technical standards and be both CE marked and Solar Keymark 

(quality certificates).  
• It is important to fulfil the 10 principles in the UN’s global compact, which are guidelines for 

companies to adopt sustainability and social responsibility in their business. 
 
  

                                                
7 Michael Vejlgaard, Mananging Director as:scan industries, Email conversation, May 4, 2017 
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Other identified factors/information: 
• One turnkey contractor stated that they use the standard contract ABT 93 when writing contracts. 
• Individual contract is written for each project between a subcontractor and a turnkey contractor. 

No long-term contracts are written.  
• The two interviewees agreed upon that it is to become subcontractor to a turnkey contractor that 

is the best business model for Absolicon. 
• The Danish DH market can be quite conservative, so when it is a new product on the market, it 

can meet a lot of scepticism. 
• It is normally collector manufacturers that contact the turnkey contractors. 
• There is no legislation regarding material use in the collectors today. 
• It became clear during the interviews that it is necessary to have a good technical specification 

material when presenting the product in order to gain interest. 
• References, economic security, experience, sales and service availability, were also stated as 

important factors by one turnkey contractor.  
 
References to the two participating interviewees can be found in appendix 3 as I12 and I18. 

6.3.4 The AIDA model applied on turnkey contractors 
As earlier stated it could be easier to get the turnkey contractors awareness due to that they are fewer in 
the market and they are interested in comparing different subcontractors in order to find the best one. The 
way of getting their awareness seems to be by contacting them. The easiest way of getting their interest 
seems to be by having a good technical specification material of the product. The turnkey contractors 
have a technical knowledge and can easily evaluate if a product is good or not. Therefore “words” are not 
enough. In order to be interesting Absolicon need to get the necessary certificates, like the CE mark and 
Solar Keymark. To create the turnkey contractor’s desire, the other key factors, like guaranties, 
maintenance material and educational material becomes necessary but it is equally important for 
Absolicon to show experience, reference and economic security. Last, to get the turnkey contractors to do 
an action, Absolicon must have a competitive price on the product.  
Business model for selling to turnkey contractors 
 
Osterwalder & Pigneur’s (2010:18-19) BMC can be used for summarizing how a business between 
Absolicon and a Danish turnkey contractor could look like and is presented in Figure 15. Absolicon 
would sell its T160 collectors to the turnkey contractor which would pay a price per collector, the price is 
most certainly negotiated and not fixed. The values that the collectors would bring the turnkey contractor 
are a quality product with: a high performance, newness, guaranties, and certificates, to a reasonable 
price. Absolicon has to contact the turnkey contractor, preferably by telephone and also send materials, 
like technical specifications about the collectors. The shipping, which also is a sort of communication, 
would be in containers, either by ship, train or trucks. The turnkey contractor most certainly would 
demand that Absolicon should be available for support during office hours.   
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6.4 Comparison of the two markets 
At this point, it is useful to make a critical comparison of the Spanish F&B and the Danish DH markets. 
Furthermore, it should be discussed how the knowledge gained for the two market analyses can be used in 
a wider context. 

6.4.1 Similarities 
This study has identified that it is the industries (manufacturing industries in Spain while utilities in 
Denmark) that is the end users of the solar collectors. Both industrial sectors are driven by the desire to 
reduce their fossil fuels consumption because this is usually translated into reduced energy costs and 
therefore enhanced profitability. This may increase the competency of the end user and make its 
products/services look more appealing to its consumers.  
  
This study concludes that in both the Spanish and the Danish markets, it is not enough to sell only solar 
collectors to the end users. Although the core product is the solar collector, they are not attractive per se. 
This means that industries often require (directly or not) that the sale of the solar collectors is 
accompanied by support services which will help to maximize their benefits from the core product. This 
conclusion is in agreement with the results proposed by Lekvall and Wahlbin (2001:35). Consequently 
providing a “complete solution” is much more attractive than only selling solar collectors.  
  
Moreover, in both markets, the consulting companies seem to play the same basic role, which is to 
conduct energy audits and to calculate the dimensions of the system of the solar collectors. However in 
Denmark they also act as representative of their customer towards third parties. It is probable that the role 
of the consulting companies in Spain will be upgraded as the market develops. 
  
We also would like to pay attention to the role of EU in the development of the studied markets. It is 
considered that EU’s environmental laws as incorporated in the national legislation have motivated/put 
pressure on some industries in both Spain and Denmark. Hence, some of them assumed their 
responsibilities and moved to the adoption of renewable technologies like the solar thermal ones in order 
to reduce their environmental footprint. Furthermore the European and national subsidies have stimulated 

Figure 15. Parts of the 9-block BMC for Absolicon selling collectors to turnkey 
contractors 
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both markets in the beginning. Many companies, which have already adopted solar thermal solutions, 
would never have taken the economic risk to invest in an unproven technology if it was not subsided. 
  
Last, it is interesting to notice that both markets have been influenced by IEA’s actions. The IEA has 
initiated (among other) the tasks 49 for the integration of the solar heat in industrial processes and the task 
55 for the developments of technical and economic requirements for the commercial market introduction 
of solar district heating and cooling (DHC) in a broad range of countries. Both tasks have gathered 
researchers and other stakeholders to work together for the development of solar thermal technologies and 
they have helped to develop the market both in Spain and Denmark (in different degree).  

6.4.2 Differences 
During this study, several things which make the two studied markets differ have come to our attention. 
The analysis of these differences can lead to useful conclusions. Thus, the most striking differences are 
discussed below.  
 
As earlier stated in this study the two markets are in completely different development phases seen from 
the Roger’s diffusion of innovation curve perspective; Spanish F&B: Innovators, DH Denmark: Early 
majority. This conclusion is mainly based on the Spanish F&B survey (FROnT, 2016) and on the 
observation that the number of companies which delivers products or services within the STE sector, are 
many more in the Danish DH market compared to the Spanish F&B market. As a result, the 
organisational behavior and business behavior within the markets will also differ. This implies that in 
Denmark the process for how collector field are bought is quite organized and similar from case to case, 
but in Spain which is an immature market, the way for how the end users are buying collector fields are 
quite different from each individual case. In Spain it therefore becomes harder to come with a general 
recommendation for how to enter the market.  
  
It is interesting to think about market development and the reasons for how and why a market develops 
the way it does. For example one can ask “How the Danish DH market was able to go the Early majority 
phase just in a couple of years” and “If the Spanish market will grow just as fast”. The growth of the 
Danish market can, as earlier concluded, be explained by several beneficial supports and subsidies from 
the government. Another possible reason that may explain why so many DH companies already have 
adopted the solution, could be the way information is spread in the industry. All DH companies in 
Denmark are members in the DDHA, which gathers and disseminates news to all its members. So if a DH 
company invests in a collector field, this will be news that rapidly will reach a large amount of other DH 
companies. This also applies for the evaluations of the collector fields, for example if the DH companies 
that have collector fields are satisfied with them, that news will also reach other DH companies fast and 
the potential for not-adopted companies to adopt the solution increase. Even though the Spanish F&B 
market has an association similar to DDHA its focus on energy related questions may not equally 
prioritised as it is in DDHA. This implies that news about a company investing in STE may not be given 
significant attention as in DDHA. 
  
Another difference between the markets is that the F&B industry consists of a greater diversity of 
companies compared to the DH industry. The DH plants are more or less constructed in a similar way, 
with the similar type of equipment and they are operated in a similar way, while the process equipment 
and operation of a food canning company can differ a lot from a beverage manufacturing company. So a 
collector field installation on one company in the F&B industry may not be applicable and interesting for 
another company in the same industry, due to their possible differentiation in process systems. This could 
be a reason why the development in the Spanish F&B is slower. 
  
Last, the different governmental organization in the two countries may be of importance. In Spain the 
different regions enjoy a relative autonomy from the federal government. This allows the different 
regions to have their own local laws, which actually may obstruct or boost the spread of the STE 
technologies. Contrary, in Denmark there is a universal legislative framework which dictates how the 
utility companies such as DH companies will operate. This obliges the DH market to operate in a uniform 
way all over the country. 
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6.4.3  Lessons learned and further use of them 
The experience obtained for the analysis of the two markets proves the importance of institutional actors 
(like FIAB and DDHA) for the dissemination of information to their members about STE.  
  
Furthermore, it is evident that a clear legislative framework can significantly help the growth of a market 
while the absence of it can be considered an obstacle. Moreover, the participation in international projects 
of either of IEA or of EU seems to enhance the collaboration through different actors as they function as 
excellent networking events.  
  
Therefore, if Absolicon wants to expand to other markets it should be engaged in international project in 
order to meet domestic actors, then consider whether the legislation of the country is favourable for the 
spread of STE and last whether there are institutions which can educate the local companies about STE.  
  
Last, we believe that Absolicon should be careful enough to adapt to the needs of each industry. Thus, it 
may be possible that Absolicon uses the experience obtained from the Spanish F&B market and apply it 
on the respective Italian segment. The same would apply for the Danish F&B market but in this case a 
different marketing strategy should be adopted because the low solar irradiation in Denmark makes the 
investment at solar collectors unattractive at first sight. Fortunately, the example of the successful 
integration of solar collectors in the Danish DH market provides a strong piece of evidence that STE can 
be a profitable investment even in Denmark. However, the experience obtained from Spain would be 
hardly transferable to for instance the German DH market because they are two markets with completely 
different needs.      
 
In Sweden, the DH market stood for 58 % of the total energy delivery in year 2013 (Energiläget, 2015). 
Hence, the market is similarly large to the Danish and due to other factors like for example, a similar 
industrial association; the markets can furthermore be seen as comparably similar. It is therefore 
interesting to question whether the Swedish DH market is likely to implement solar heat in the same way 
as the Danish. In order to answer that question, an interview was held with the Swedish economic 
association Sinfra. Sinfra has 161 members which are all some sort of energy producing companies, 
mostly DH companies. Sinfra’s mission is to procure framework agreements with contractors, which the 
members later can use. According to Ville Grunder, methodology developer at Sinfra8, Sinfra has asked 
its members if they were interested in framework agreements with STE contractors. The responses of the 
members were that they were not interested. In fact, they would prefer solar electric energy instead. So 
based on the interview with Grunder, we conclude that the Swedish market is not ready for STE 
integration today. However, it has the right conditions and by learning how the market developed in 
Denmark, Absolicon can in an early stage be part of a possible future market development in Sweden.  
  
A more present market development in Europe, which Absolicon could benefit from is an EU project 
named coolheating. The coolheating project supports the implementation of small modular renewable 
heating and cooling grids for communities in South-Eastern Europe by transferring knowledge from 
partners in countries where renewable district heating and cooling examples exist (coolheating, 2017) By 
knowing what values a DH company wants in a collector field in Denmark, Absolicon can most likely 
know what to offer end users in other DH markets. By entering in an early stage it is also possible for 
Absolicon to establish contact with the few early market actors involved. This lead to that Absolicon 
itself becomes a key actor. An sold collector field in an early stage could imply that Absolicon’s field will 
work as a reference field when the project is marketing the development to other end users. 
 

                                                
8 Ville Grunder, methodology developer at Sinfra, interview held on the 4 of May 2017 
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7 Discussion 

7.1 Ethical impact on society based on the result 
As the environmental awareness has been rising the last decade, the consumers have been increasingly 
putting pressure on companies to transform their businesses in a sustainable way. This pressure is often 
translated in specific requirements posed by turnkey contractors towards their subcontractors. Actually 
this study has come across a case where a Danish turnkey contractor requires that its subcontractors 
comply with the 10 principles of UN global compact which implies the adoption of practices which 
address human rights, labour, environmental and anti-corruption issues.  
 
Moreover, at an European level it becomes more important to take in consideration the environmental 
impact of the solar collectors (from manufacturing to disposal) made in the EU. The EU fosters policies, 
which promote the transformation of our economy from linear (take-make-dispose principle) to a circular 
one. In a circular economy the companies are encouraged to lease rather than selling their products and 
they avoid using elements, which could harm the environment. In addition, the value is created by the 
reuse of the natural resources and not by the perpetual consumption of new ones. 
 
Hence, Absolicon should start considering how the components of its products are going to be disposed 
when the products are no longer used and guarantee that none of the components are harmful for the 
environment. In addition, a lifecycle assessment of the solar collectors should be conducted to indicate 
which are the potential hazards that the manufacturing and the disposal of the collectors could cause and 
ways to address the potential hazards. An additional point to address, is the attitude of Absolicon’s 
subcontractors towards environment. Alternatively, Absolicon should consider various business models 
such as leasing its collectors for a certain amount of time and then “recycling” them. This would allow 
Absolicon to reuse certain components of its solar collectors, reduce the amount of raw materials it uses 
and last its environmental footprint.  

7.2 Choice of method 
To begin with, the empirical result showed that the in-depth interviews were the right choice for 
conducting the research for this study. An alternative method could be to conduct an online survey. 
However, it is doubtful if it would have led to more replies of high quality. This is because the receiver of 
the invitation of the online survey often prioritizes the reply under other tasks and never replies or even if 
she/he does reply, she or he replies briefly due to lack of time. Moreover, the organizer of the survey does 
not really have the chance to ask follow-up questions unless they are based on predicted answers. Another 
issue to consider is whether a field trip would enhance the quality of this study. The answer would be 
rather positive because this would allow the authors to get a better insight of the markets and the 
interviews being more interactive than using only long-distance means. Indeed, one of the authors joined 
the task 55 meeting in Denmark and later the author admitted that this helped him for his further research. 
However a more extended field trip in Denmark or Spain was never discussed because it would have 
considerable cost and would add a significant amount of complexity into the study.  

7.3 Validity/reliability in the result 
One could question whether our results and conclusions are valid. The results presented in this study were 
checked for their validity through several different online sources, like surveys and earlier studies. 
Moreover the wide range of actors interviewed is considered to add validity to the result. Especially the 
participation of actors, which have a fundamental position or knowledge in the market, like for example 
Bundegaard Eriksen, R. from the DDHA, whose daily work duty is to communicate with the DH 
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companies in Denmark. Thus it can be considered that the results are valid. In any case, the authors are 
not aware of any data, which cancels the results presented in this thesis.   
 
It is questionable whether the authors would have been led to the same results if they were assigned to 
study and analyse the markets of interest vice versa. It is likely that the extent and the interpretation of the 
collected data would differ as the two authors have different working styles and knowledge backgrounds. 
However, given the fact that the available means to do research were always the same and the fact that the 
researcher shared and discussed the findings with each other; it is assumed that the authors would draw 
similar conclusions as the structure of the markets and the interactions among their actors are always the 
same. Therefore, if it can be assumed that the conclusions would have been similar, the results presented 
in this study can be considered reliable. 

7.4 The importance of cross-country collaborations  
During this study it became evident that the collaboration within the EU-28 plays a significant role in 
both studied markets. Thus, although EU does not intervene directly in the activity of the markets, it does 
influence them through legislation and other regulatory schemes. We are convinced that EU projects 
creates momentum for collaborations, which accelerates the spread of new technologies, such as the solar 
thermal technologies.  
 
Consequently an interesting hypothetical question to answer would be: what would happen if EU 
disintegrates? Although this is hard to give a reliable answer, we assume that the disintegration of the EU 
would have a detrimental effect on the spread of the solar thermal technologies in Europe. This does not 
have only to do with the existence environmentally friendly financing and relevant subsidies even if the 
impact of the European financing schemes are tremendous. The EU also finances plenty of research 
projects and joint entrepreneurial initiatives, which have a multiple positive spill-over effect. Actually the 
Horizon 2020 (Horizon 2020, 2017), as the EU Commission states, “is the biggest EU Research and 
Innovation programme ever with nearly €80 billion of funding available over 7 years (2014 to 2020)”. 
Hence, if these forms of cooperation vanish it will become more difficult for people to join forces and 
drive the solar thermal technologies forward. Therefore, the authors of this study acknowledge the 
existence of the EU regarding the diffusion of the solar thermal technologies.  
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8 Conclusions 
Absolicon must focus on lowering the price of the collector. Although competing by price is currently 
hard for Absolicon due to its limited production capacity, it is evident Absolicon cannot be competitive if 
its collectors are much more expensive than the ones of its competitors. What is more, it becomes clear 
from this study that in mature markets, such as the DH in Denmark, end users see no motivation of giving 
up well-established solar thermal technologies if they see no alluring economic benefit. Hence, they are 
quite conservative to try new products even if they may have better performance than the established 
products. However, with a lower price and some reference data showing the real life performance of the 
collectors, Absolicon has a greater chance of doing business in the Danish DH market.  
What that can be more said about the Danish DH market are that: 

• The market is a very special due to many governmental legislations and benefits, which makes it 
possible for solar thermal plants. Long low-interest loans are one example.  

• To sell directly to end user demands turnkey solutions 
• Consulting companies are often included in the buying process due to the high complexity of 

designing the plant, conduct all documentations and to evaluate the profitability of a plant.  
• Experts see the market as the only DH market in Europe mature for solar heat integration. 
• The market is not yet saturated and has big potential for future sales. 
• Selling collectors to turnkey contractors as a subcontractor is the most suitable way for Absolicon 

to enter the market today.  
 
For what concerns the Spanish F&B market, it is concluded that Absolicon should focus in attracting 
medium sized F&B industries because they look the most interesting segment. The decision making 
process in these industries usually involves engineers and they should be the first people to contact by 
Absolicon. The cooperation with energy consulting companies and technological centres should be 
seriously considered as they provide support for the realization of the investment in STE technology. 
Indeed support in form of energy audit or help with finding funds is appreciated by the F&B industries. 
  
In addition, finding the right partners and find an industry willing to buy a demo-installation. The right 
partners would guarantee Absolicon access to networks of potential customers and provide knowledge for 
the best application of solar collectors on F&B industries. Moreover, the demo-installation would 
constitute the necessary proof that many F&B industries would require before considering an investment 
in STE. 
Moreover, the participation in carefully selected exhibition and congresses in Spain is considered very 
important. This will allow Absolicon to understand better how the F&B market works, be aware of the 
different existing trends and get in contact with customers. Although participation in some of the 
exhibitions can be expensive, still it consists a reliable way to promote and establish Absolicon in Spain.  
  
Another activity that Absolicon should seriously consider, is to establish a sales/marketing division in the 
near future due to two main reasons:  
a. The company can not be economic sustainable without a stable revenue stream coming from sales. The 
absence of a sales division makes it difficult to establish a stable revenue stream. 
b. B2B sales are often relation-based sales. It usually takes time to nourish relations and deeply 
understand the needs of the customers and how each market works. Thus, Absolicon needs a team which 
works systematically with the nourishment of business relations.  
  
Finally, it is also concluded that Absolicon should choose to focus in one market and start working with 
it. The focus should be concentrated in offering a value proposition which best serves the needs of a 
specific customer segment. The present way of finding customers randomly in various markers is 
considered rather inefficient and does not help the company to grow. Gradually and as Absolicon grows it 
should consider dedicating human and financial resources in the development of new markets. 
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1 Appendix – Initial questionnaire 
The following set of questions where used during the first conducted interviews. 

 

Questionnaire for end users: 
Ø What heat intensive processes do you have? 
Ø What type of energy supply do you have? 
Ø Who takes the decision for the new installations? 
Ø What are your priorities when considering a new investment (functionality, service, price)? 
Ø Who can influence the investment plan? 
Ø Who places the order and makes the contract work? 
Ø Who gets the requests for quotations? 
Ø Do you get financial support for new investments? (Like, eco friendly support from gov) 
Ø Who does the maintenance & service? 
Ø What would be your motivation to start producing your own energy? 
Ø Is it the same company/consult/person that dimension the system, that also does the project 

management or are there separate actors? 

 

Questionnaire for consulting companies: 
Ø Who establishes contact with whom? 
Ø How do you choose which systems/suppliers etc. that they are going to offer the customer? 
Ø Is it the same company/consult/person that dimension the system, that also does the project 

management or are there separate actors? 
Ø Who places the order and makes the contract work? 
Ø Who from your clients takes the decision for the new installations? 
Ø What value do you offer your customers? (Functionality, service, price) 
Ø From where do your clients get their money? (Subvention etc.) 
Ø Do you work with several heat intensive process industries or do you specialize in one? 
Ø Do you see any difference between small/medium/big companies? 

 

Questionnaire for boiler manufacturers: 
Ø Who takes contact with whom? 
Ø Do you work with several heat intensive process industries or do you specialize in one/few? 
Ø Who makes the designs for the systems? 
Ø Who makes the automation and the programming of the systems? 
Ø Who carries out the installation work for the different parts? 
Ø From where do your clients get their money? (subvention etc.) 
Ø Who does the maintenance & service? 
Ø Who takes the decision for the new installations? 
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2 Appendix – Email template 
An example of the email template used for contacting companies can be seen below. 
 
Hello! 

My	name	is	[Researcher’s	name]	and	I’m	a	student	at	Uppsala	University,	Sweden.	I’m	writing	my	
master	thesis	(The	final	project	for	my	master	of	engineer	degree)	and	in	this	project	one	task	is	to	do	a	
market	research	of	the	Danish	district	heating	market.	I	need	to	understand	which	companies	a	district	
heating	company	cooperates	with	and	why.	In	the	end,	the	market	research	will	help	me	understand	
what	kind	of	company	that	could	be	interested	in	integrating	solar	collectors	(which	is	the	final	goal	of	
the	study).		
	
Do	you	think	there	is	any	person	at	[Company	name]	that	could	help	me	by	answer	on	some	market	
questions?		Either	by	mail,	phone	call	or	an	Internet	based	phone	call	like	Skype	or	Facebook	
messenger?	I	need	someone	to	interview.	 

I	understand	that	[Company	name]	is	a	leading	consulting	company	in	the	DH	industry. 

Best	regards 
[Researcher’s	name] 
Student	at	Uppsala	University	
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3 Appendix – References for the interviewees In the Danish 
DH market 

In Table 4, the references to the participating interviewees for the Danish DH market research are 
presented.   

Table 4. References of the interviewees who participated in the Danish DH market research 

Interview 
number 

Profession Reference 

I1 Group manager Heat & Power, Industry 
Division, ÅF 

Lindblom, K. (1 of February 2017). 

I2 Technical Manager DK/SE, Spirax Sarco Maurin, T. (7 of February 2017). 
I3 Director, Svendborg Fjernvarme a.m.b.a Madsen, C. A. (7 of February 2017) 
I4 Director MEC Bioheat & Power Schousboe, K. (6 of February 2017) 
I5 Engineer, Silkeborg Forsyning Hvilshoj Christiansen, P. (3 of February 2017) 
I6 Director, JPH Rådgivende ingeniørfirma Povlsen, E. (15 of February 2017) 
I7 Engineer, PlanEnergi Sørensen, P. A. (15 of February 2017) 
I8 Employee, Jetsmark Energivaerk a.m.a.b. Sjølund, H. (16 February 2017) 
I9 Business manager, Vojens Fjernvarme Holm, A. (15 of February 2017) 
I10 Employee, Als Fjernvarmevaerk Bohl, C. P. (17 of February 2017) 
I11 Operational manager, Flauenskjold 

Fjernvarmecentral 
Jensen, P. (17 of February 2017) 

I12 Technical consult, Averhoff Energi 
Anlaeg A/S 

Christensen, B. (17 of February 2017) 

I13 CEO, ea energy Andersen, E. (20 of February 2017) 
I14 Operational manager, Danish DH 

company 
Anonymous (21 of February 2017) 

I15 Salesman, Pannpartner Olsson, L. (14 of February 2017) 
I16 Region manager Power & Heat Tauson, P-A. (9 of February 2017) 
I17 Technical consult, Danish district heating 

association 
Bundegaard Eriksen, R. (29 of March 2017) 

I18 Sales and project manager, Tjæreborg 
industry A/S 

Hornbak, L. (3 of May 2017) 

 
  



 65 

4 Appendix – Initial key factors 
The lists below were the initial material used when 11 turnkey contractors were contacted and asked 
about what factors they thought were important when choosing a subcontractor.   
 
The following key factors were on beforehand thought to be important for a subcontractor to fulfil when 
selling to turnkey contractors: 
- A good price on the product 
- Guarantees of delivery on time 
- Guarantees of that the product works 
- Education material, like operating manual 
- Maintenance material, like service protocols and troubleshooting guidance 
 
The following sets of questions was also considered interesting to get answers on: 
- Do you use any standard contracts, like NL09? 
- How long is a contract time? Just for one project or for a longer time? 
- Do you have specific requirements for the fabrication of the solar collector? Like that it must live up to 
ISO9001? 
- Is there any material in the collector that must not be used according to the Danish legislation? 
- Are there any demands on life cycle analysis? 
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5 Appendix – Technical project carried out by Peter Kjellgren 
The full report technical project that the co-author Peter Kjellgren carried out is begins on next page. 
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Abstract 
Absolicon solar collectors AB (Absolicon) is a Swedish solar collector manufacturing company, which 
latest collector model, T160, is a pure heat-producing collector suitable for industrial integrations for 
applications using heated water of 70 °C up to 120 °C. One industry that operates with temperatures in 
this temperature range is the district heating industry, which makes that an interesting market for 
Absolicon to sell collector fields to. 

The focus of this study was to evaluate the performance of Absolicon’s T160 if integrated into a small 
Swedish district heating system. From Vattenfall Heat Generation AB Uppsala, hourly-based heat 
demand data for a subsystem in the Swedish town Storvreta, was received. This data was compared to 
simulated heat production data for the collector, for two different locations, namely: Storvreta and 
Zhangjiakou.   

The result indicates that it is possible to make feasible collector field installations in Sweden. However, 
this demands payback times greater than 10 years. Another finding was that the amount of produced 
excessive heat, rapidly increased for field sizes over 155 m2 in Storvreta. Excessive heat must either be 
managed by including a short-term heat storage to the installation or by integrating a minor field size. The 
heat production simulation data showed more annual irradiation for the field located in Zhangjiakou, for 
which the annual heat production was equal or higher for this location compared to Storvreta.  
 



Populärvetenskaplig sammanfattning 
Absolicon solar collector AB är ett svenskt aktiebolag med säte i Härnösand som har sedan 2007 tillverkat 
solfångare som omvandlar solljus till både värme och elektricitet. Företagets mission är att förändra 
världens energiförsörjning med hjälp av sina unika solfångare. Till skillnad från traditionella plana 
solfångare bygger Absolicons solfångare på en teknik där solljuset koncentreras med hjälp av en 
paraboliskt formad reflektoryta till ett längsmedgående mottagarrör, i vilket man leder vatten.  
 
Deras senaste produkt, och den enda i nuvarande produktion, är solfångarmodellen T160. 
Solfångarmodellen är enbart en värmeproducerande solfångare som lämpar sig bra att integrera i 
industriella hetvattenprocesser inom temperaturområdet 70 °C till 120 °C.  
 
Två av de marknader som Absolicon finner intressanta att sälja dessa solfångare till är den svenska 
fjärrvärmeindustrin och den kinesiska fjärrvärmeindustrin. Anledningen är att framledningstemperaturen i 
fjärrvärmenäten ligger just inom rätt temperaturintervall för solfångaren (80-120 °C). Dansk 
fjärrvärmeindustri har redan kommit långt med att integrera stora solfångarfält i deras fjärrvärmenät och 
nu skulle Absolicon vilja göra detsamma i Sverige och Kina. Det är dock inte helt enkelt att integrera ett 
solfångarfält i ett fjärrvärmenät och det är många aspekter som man måste ta hänsyn till. Några exempel 
på dessa aspekter är:  

• Faktumet att när solen lyser som mest på sommaren, är värmebehovet är som lägst i Sverige. 
• Vätskan i solfångarna måste klara sträng köld utan att frysa till is och samtidigt klara av att förbli 

i vätskeform även över vattens naturliga kokpunkt.  
• Rören i solfångarsystemet måste klara av att hettas upp och kylas ner frekvent, utan att få 

materialutmattningar till följd av expansionerna/kontraktionerna. 
 

För Absolicon är det tydligt att de behöver mer kunskap om hur en integration av ett solfångarfält i ett 
fjärrvärmenät med deras solfångare skulle fungera. Därför har syftet med denna studie varit att utvärdera 
prestandan av ett T160-fält inkopplat i ett litet fjärrvärmenät. Ett litet fjärrvärmenät åsyftar, i den här 
studien, till fjärrvärmenät som enbart har en panncentral med ett par megawatt termisk effekt och där 
antalet anslutna konsumenter också är lågt, uppemot 200 stycken. 
 
Utvärderingen har skett med avseende på att: 

• Hitta en lämplig storlek på solfångarfältet för ett valt studera fjärrvärmenät. Detta baserat på 
parametrarna: Årlig täckningsgrad av fjärrvärmenätets värmebehov, antalet timmar då 
solfångarfältet producerar mer värme än nätets behov samt utnyttjandegraden av solfångarna 

• Jämföra bränsleminskningen och därmed bränslekostnadsminskningen för tre olika bränsleslag 
för en panna, nämligen: olja, gas och biomassapellets. 

• Jämföra nätets värmebehov och solfångarfältets värmeproduktion över ett dygn för årets samtliga 
månader.  

 
Fjärrvärmenätet som använts i studien, både för Storvreta och för Zhangjiakou, är ett litet delnät i 
Storvreta. Delnätet är avskilt från Storvretas huvudnät med hjälp av en värmeväxlare och delnätet förser 
65 hushåll med värme och varmt kranvatten. I denna studie har värmeväxlaren behandlats som om den 
vore en panncentral och från nätägaren Vattenfall erhölls timbaserad värmeleverans till delnätet för år 
2016. Solfångarfältets produktionsdata har i denna studie tagits fram genom simuleringar i 
simuleringsprogrammet Polysun för två geografiska platser: Storvreta och Zhangjiakou.  
 
Resultatet av studien visar att ett solfångarfält kopplat till det studerade nätet placerat i Storvreta, får 
högst vara 155 m2 stort innan man får problem med överproduktion av värme i fältet. För Zhangjiakou, 
kan ett solfångarfält kopplat till det studerade nätet maximalt vara 147 m2 stort innan man får problem 
med överproduktion. Zhangjiakou har ett större antal produktionstimmar per år jämfört med Storvreta, 
vilket gör att en större andel av fjärrvärmenätets årliga värmebehov kan täckas av ett solfångarfält i 
Zhangjiakou. För ovannämnda fältstorlekar så motsvarar de en årlig täckningsgrad av fjärrvärmenätets 
värmebehov på 5 % respektive 7 %. 
 
 



 

 
Av den ekonomiska utvärderingen framgår det att det krävs längre återbetalningstider än fem år för att 
solfångarfältinvesteringar ska bli lönsamma. I vissa fall för oljeeldade pannor, kan det vara en lönsam 
investering redan efter fem år men i regel krävs det över tio år för att investeringen ska bli lönsam. Det 
ska dock tilläggas att den ekonomiska utvärderingen i denna studie var extremt simpel och genomfördes 
utan vissa nödvändiga parametrar som till exempel: ränta, amorteringar, fluktuation i bränslepris etc.  
 
Värmebehovet i fjärrvärmenätet och solfångarfältets värmeproduktion var kraftigt säsongsberoende, 
särskilt för Sverige. En intressant iakttagelse var dock att värmeproduktionen kunde starta så tidigt som 
klockan 03:00 på morgonen och sträcka sig så långt som till 19:00 på kvällen, för fältet i Storvreta. En 
dygnsanalys genomfördes ej för fallet Zhangjiakou på grund av resursmässiga skäl. 
 
I studien inkluderades inget värmelager för att hantera överproduktion av värme i solfångarfälten. Detta 
visade sig vara den stora begränsningen vilket avgjorde maximala fältstorlekarna för de studerade fallen. 
Med ett integrerat värmelager skulle större solfångarfält kunna tillåtas. Det skulle även minska slitaget på 
solfångarnas styrarmar och minska risken för kokning i fältet. 
 
Rekommendationen av denna studie är, om man vill integrera solfångarfält till ett fjärrvärmenät, att 
antingen ha ett fält som är underdimensionerat, för att undvika risken för överproducerad värme, eller att 
inkludera ett värmelager. Ett värmelager medför även andra många fördelar. Även fast den ekonomiska 
vinsten av att integrera solvärme inte är särskild stor på kort sikt, så kan man ändå göra stora vinster i 
utsläppsminskningar och bättre pannhälsa, till följd av att man minskar antalet timmar då pannan körs på 
låglast. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  



 

Executive summary 
It is possible to make profitable solar collector field integrations to small district heating systems, even in 
Sweden. However, this demands long payback times, typically over 10 years. From a brief sensitivity 
analysis it was concluded that the profitability of the investment is greatly affected by the discount rate. 
Due to the long timespan before this investment becomes profitable, it becomes crucial to argue for the 
indirect economic values that a collector field can give a plant owner. For example better health of the 
heater, which will extend its lifetime, and less pollution from the flue gases.   
 
In order to properly integrate a solar collector field to a small district heating system one should either: 

• Under-dimension the field in order to avoid the risk of over producing heat in the collector field.  
• Include a heat storage.   

 
An integrated heat storage could also involve many more benefits for the plant owner, which should also 
be taken into consideration and used as a value proposition. To sum it up, based on this study it is 
strongly recommended that one should include a heat storage to these type of investments. 
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Abbreviations 
Absolicon Absolicon Solar collectors AB 
ATES Aquifer thermal energy storage 
BTES Borehole thermal energy storage 
CTES Cavern thermal heat storage 
DH District heating 
ETC Evacuated tube collector 
FPC Flat plate collector 
Heater The heat source in a DH system that heat up water  
HEX Heat exchanger 
n.y. No year 
P&ID Piping and instrumentation diagram 
PIC Temperature indicate controller 
PTC Parabolic trough collector 
PTES Pit thermal energy storage 
Return water Low temperature water flowing in to the heater plant 

from the DH system 
STE Solar thermal energy 
Supply water High temperature water flowing out from the heater 

plant to the DH system 
TIC Temperature indicate controller 
TTES Tank thermal energy storage 
Vattenfall Vattenfall Heat Generation AB Uppsala 
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1 Introduction 
Absolicon solar collectors AB (Absolicon) is a public share company located in Härnösand, Sweden, 
which is specialized in solar energy techniques and applications. Their product portfolio consists of 
several different parabolic trough collectors that produce both heat and electrical power. The latest 
collector model, T160 is a pure heat-producing collector suitable for industrial integrations for 
applications using heated water of 70 °C up to 120 °C.  
 
In Sweden there is a long tradition of using centralized district heating (DH) for heating up households 
and industries in cities and smaller communities. Smaller cities often have just one heater plant while 
larger have multiple plants connected to the same DH system. In any case, the supply water out to the 
systems is normally 85-95 °C, with a plus/minus of 10 °C depending on the season and current heat 
demand.1 Absolicon finds the Swedish DH market attractive to conduct sales to; however, integrating a 
collector field to a DH system is quite complicated compared to integrating a regular heater.  
 
One problem with using solar thermal energy (STE) is that the production is limited to the hours in the 
day when the sun is shining. In the winter, when the heat demand is the highest in Sweden, the hours of 
sunshine are the fewest. In the summer, on the other hand, when the hours of sunshine per day is high, the 
heat demand is very low, especially during daytime in households. This problem - that the collectors are 
producing more heat then the DH system requires - is often referred to as excessive heat or over 
production.  
 
Another problem which must be taken in to consideration is that the fluid running through the collectors 
must both be able to remain liquid at high temperatures, but also withstand freezing due to the fact that 
the outdoor temperature in Sweden can vary from below 0 °C in the night and several degrees plus the 
day after. This also entails challenges for the pipes and components used in the system, which must be 
able withstand the frequently occurring thermal expansion and contraction without the material getting 
fatigued.  

  

                                                
1 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017. 
2 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017. 
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2 Purpose 
For Absolicon it becomes crucial to learn more about the problems a solar heating plant will face in the 
DH industry. The purpose of this study is to evaluate the heat-production performance of a collector field 
of Absolicon’s collector T160 connected to a small Swedish DH system. The chosen DH system for this 
study is a subsystem in Storvreta’s DH system, which supplies heat and hot tap water to 65 households. 
 
This system was chosen because a DH system with just one heater plant is less complex to evaluate. 
Minor DH systems also demand minor collector fields, which is more suitable to sell compared to larger 
fields, with respect to Absolicon’s current production capacity. 
 
The Chinese DH market is also considered by Absolicon as a potential market for solar collector field 
sales. Therefore the collector field evaluation shall also be conducted for the geographical location of the 
Chinese city Zhangjiakou. The choice of geographical location for the Chinese evaluation was made by 
Absolicon.  

2.1 Goal 
In order to evaluate the integration of Absolicon’s T160 the goal is to: 

• Find a collector field size suitable for the chosen grid based on the parameters: annual heat 
fraction delivered by the field to the DH system, annual amount of hours with over production, 
and the utilization rate of the field. This shall be studied for field sizes between 1 m2 to 1000 
m2.  

• Take the fuel-cost reduction for a DH system into account if integrating STE. Three different 
heater fuels should be evaluated, namely: oil, gas and biomass pellets. The cost reduction 
should be compared to the investment cost per square meter collector for four different time 
horizons: 3, 5, 10 and 25 years.  

• Compare and analyse the heat-demand profile of the DH system and the heat-production 
profile of the collector field. The monthly median date of the production will decide which of 
the dates to compare. 

 
The evaluation should be done for two cases with different geographical locations:  

• Case 1: Storvreta, Sweden,  
• Case 2: Zhangjiakou, China.  

 
A piping and instrumentation diagram (P&ID) for a possible collector field integration with the most 
crucial components shall also be presented. 

2.2 Limitation 
This study will only focus on the mere heat production of the collectors in comparison to the DH 
system’s heat demand. Therefore this study will not include any heat pump applications, such as cooling 
processes or extracting heat from low temperature heat sources.  
 
Thermal heat storages are commonly used in the industry to handle the excessive heat productions from 
the solar thermal collectors, when the heat demand is lower than the production. Therefore, heat storage 
technologies will be explained in the theoretical part and used in the discussion. However due to the 
complexity of simulating heat storages and the time limitation of this study, heat storages will not be 
included in the empirical part. 
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3 Technical background 
In order to understand the concepts of this study some technical background is necessary to explain. 

3.1 Basic principles of a DH system 
A DH system is a heat transferring system with one or several central heat sources, which supply a region 
of consumers with heat. An illustration of a DH system with its main components is presented in Figure 
1. The heat is transferred through large distribution pipes often called primary loop and in Sweden there 
are two different types piping materials, which are normally used. The DH industry often refers to them 
as plastic pipes and steel pipes. The steel pipes are dimensioned for 120°C and 16 bar pressure as 
maximum operational conditions, while the plastic pipes are deformed with temperatures over 95 °C and 
pressures over 6 bar2,3.  
 
At every consumer there is a local heat exchanger (also called substation and in this paper denoted as 
HEX) that transfers the heat to a secondary loop for the radiator system and hot tap water. The heat 
sources are most commonly combustion heaters of different kinds, where in Sweden the most commonly 
used fuels in the heaters are biomass or waste. However rest heat from industries can also be delivered to 
the primary loop (Energiföretagen 2017). 

 

 

Figure 1. Illustration of the principles of a DH system 

The instantaneous transferred heat, 𝑄(t) out from the heater plant can be expressed and calculated through 
Equation 1. 

 
𝑄(𝑡) = 𝑚(𝑡) ∗ 𝑐! ∗ (𝑇!"##$% − 𝑇!"#$!%) 

Equation 1. Instantaneous transferred heat equation 

  

                                                
2 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017. 
3 Lars Nilsson, Operating technician Kungälv energi, interview on the 3rd of March 2017 
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Where 𝑚 is the mass flow of the system [kg/h], cp is the specific heat capacity of the fluid [kJ/kgK], Tsupply 

is the supply water temperature and Treturn is the return water temperature. If Equation 1 is integrated over 
a time period, the total energy delivery to the DH system for that period, is given as Q [kJ or also: kWh], 
see Equation 2. 

𝑄(𝑡) = 𝑄(𝑡)𝑑𝑡
!

!!
 

Equation 2. If transferred heat is integrated over a time period, the total amount transferred heat during that time is 
given 

3.2 Small DH plants 
The small region DH networks often just have one single heater plant; inside there can be one or several 
heaters connected in series or parallel. The base load heater/s is the ordinary-used heater, which covers 
most of the heat demand during the year. If the heat demand gets extremely high, as it can get during cold 
winters, a top load heater is often used. The top load heater typically burns oil as fuel and functions as a 
backup heater. In Figure 2 a basic piping and instrumentation diagram (P&ID) is presented for a typical 
simple heater plant. All valves and instruments are not presented, just the ones crucial for understanding 
the principles. Even though the network consists of plastic pipes, which set the temperature and pressure 
limits out from the plant, all the pipes in the heater plants are made of steel, which withstands higher 
temperatures and pressures. The heater themselves commonly have a system volume of one to a couple of 
cubic meter water.  
 

 

Figure 2. Basic piping and instrumentation diagram for a simple heater plant 

The return water from the DH network enters the heater plant and has normally a temperature of around 
40°C. The return water is mixed with some high temperature water, recirculated from the heater in order 
to preheat the inlet water to the heater to about 70 °C.  
 
The heater raises the temperature to over 95 °C and the water can then either be circulated through the top 
load heater or be by-passed. The reason to circulate water through the top load heater is to keep it warm 
and standby. Before the high temperature water from the heater, passes one of the normally two 
distribution pumps and enters the DH network, some 40°C return water is mixed in via the three-way 
valve 3 in Figure 2. This is done in order to regulate the outgoing temperature so that the 90°C 
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temperature limit for the plastic pipes is not exceeded4. The supply water temperature to the DH network 
is not always 90°C as shown in Figure 2, it varies with the heat demand and the outdoor temperature. In 
the summer when the heat demand generally is low and the supply water just need to cover the hot tap 
water demand, the outgoing temperature can be as low as 70°C. The heater is then also operated at lower 
temperatures45. According to Galle5 a problem with small heater plants operating at low load, which they 
commonly do in the summer, is that the combustion in the heaters is poor. The heaters are designed and 
are ideal to be operated at high loads at high operating temperatures. The insufficient combustion creates 
more unclean flue gases, which makes it harder for the plant operator to meet the environmental 
regulations set up by the Swedish government.   

 
 

A pre-heating technology that is commonly associated with the DH industry is the economizer 
technology. The economizer uses the high temperature flue gases that leave the heater to pre-heat the 
water before it enters the heater. However, for small heaters like the ones used in small DH plants, this 
type of pre-heating technology is not commonly used, due to the fact that it is not feasible for these small 
heaters. The only pre-heating used is the one described with the recirculation of high temperature water.6  

3.2.1 Regulation of small DH plants 
During a field study at Skövde värmeverk, Galle6 showed four different small DH plants and explained 
how they were regulated, which according to him is standard for how these small heater plants are 
regulated in Sweden. Small heater plants are often self-controlled by a computer and do not need an on-
duty operator. The parameter that decides the amount of fuel that is needed to be fed in the heater, is the 
pressure difference between the supply water pipe and return water pipe, seen as the 6 bar- and 4 bar 
PIC:s in Figure 2. The pressure difference indicates how much pressure is lost in the DH system. If the 
consumers have a low heat demand, their local HEX:s will have small flows running through them. If 
they have a high heat demand, the flow through the local HEX:s will increase, which leads to a pressure 
drop in the DH system. The DH plant computer has a set value for the pressure difference and if it is 
below the set value, the computer will respond with an increasing flow rate through the distribution 
pump. This action will stabilize the pressure of the DH system, but the higher flow rate through the 
system also implies a higher flow rate through the heater, which has a cooling effect on the heater. In 
order to prevent this cooling and maintain the demanded supply water temperature, the heater’s fuel 
feeding system responds to the increased flow rate signal by increasing the fuel feed to the heater. 
 
The same, but opposite principles apply for the case where the pressure difference gets higher than the set 
value. A higher pressure difference on the DH system, leads to a signal which reduce the flow rate 
through the distribution pump and reduce the feed of fuel. 

3.3 Heat storage technologies 
One of the primary reasons to integrate a heat storage to any energy production system is that it can 
reduce the time dependency of the production and the demand. In the DH industry there are various 
storage techniques found, where the water based system, which is called sensible storages, is the most 
common. The different storage methods mainly used within the sensible storage are: Tank thermal energy 
storage (TTES), Pit thermal energy storage (PTES), Borehole thermal energy storage (BTES) and Aquifer 
thermal energy storage (ATES) (Rutz et al. 2017). The last three mentioned methods are more common 
for large heat storages, or as it is more often called, seasonal storages while the TTES it is more common 
to use for short-term storages, like daily production and demand.  
  

                                                
4 Lars Nilsson, Operating technician Kungälv energi, interview on the 3rd of March 2017 
5 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017 
6 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017. 
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3.3.1 Short-term storage 
As mentioned above TTES is the most common short-term heat storage solution and the tanks are 
typically cylindrical formed and made of stainless steel, concrete or glass-fibre reinforced plastic (Rutz et 
al. 2017). When charging the heat storage, high temperature water is pumped in at the top of the tank and 
cold temperature water is extracted from the bottom. For the discharging, the flow directions are in the 
opposite ways. The nozzles for the inlet and outlet are radially directed in the heat storage in order to 
minimize any turbulence. Without the turbulence, the water stratifies, which creates a vertical temperature 
distribution and it is not unusual to have several in/outlet levels in the tank (Herwig & Rühling 2014). In 
Figure 3 the charging/discharging of a TTES and the temperature distribution is presented.  
 

 

Figure 3. Illustration of the vertical temperature distribution in a TTES and the charging/discharging processes  

3.4 Solar thermal heat production 
Solar thermal energy (STE) is a technology that uses the energy from the solar irradiation to heat up a 
transfer fluid in a collector. The heated transfer fluid is transferred by pipes and pumps out to different 
heat intensive processes where the heat can be used. There are several different types of collectors found 
in the market and one way to categorise them is by their tracking ability. Then there are stationary 
collectors, single-axis tracking collectors and two-axes tracking collectors. In Table 1 the most common 
collector techniques found in the market is presented along with its typical operational temperature 
ranges.  

Table 1. Some different collector types available in the market, with their typical operating temperature range. The 
bold ones are the collector type discussed in this paper (Table is adopted from Kalogirou, 2003:table 4) 

Tracking Collector type Operating 
temperature 
range (°C) 

Stationary Flat plate Collector (FPC) 
Evacuated tube collector (ETC) 
Compound parabolic collector (CPC) 

30-80 
50-200 
60-240 

Single-
axis 

Fresnel lens collector (FLC) 
Parabolic trough collector (PTC) 
Cylindric trough collector (CTC) 

60-300 
60-250 
60-300 

Two-axes  Parabolic dish reflector (PDR) 
Heliostat field collector (HFC) 

100-500 
150-2000 

 
The technologies that are most frequently used are the flat plate collector (FPC) and evacuated tube 
collector (ETC), in Europe these represent 83.8 % and 11.4 % respectively, of the market shares 
(Mauthner et al. 2016). A problem though with many solar collectors is the heat losses related to radiation 
and convection. The higher the fluid temperature gets the higher heat losses does the collector get and 
therefore the efficiency decreases with higher operating temperatures (Andrén 2011).   
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3.4.1 Absolicon T160 collector 
Absolicon’s collector model T160 is a parabolic trough collector (PTC), meaning that the reflector is 
parabolic shaped which concentrates the sun rays to a centralized receiver pipe where the fluid circulates, 
in Figure 4 an illustration of the collector, seen from the side is presented.    
 

 

Figure 4. An illustration of Absolicon’s PTC T160, seen from the side. (Absolicon 2017) 

The aperture area of a single T160 collector is 5.6 m2 and it has a single-axis tracking. The receiver tube 
is dimensioned to withstand operational temperature up to 160 °C and a pressure of 16 bar. Compared 
with FPC, the T160 has a lower efficiency at lower operating temperature, up to 50-60 °C, however the 
efficiency declines faster for the FPC:s which makes the T160 to have a higher efficiency for 
temperatures above 50-60 °C. This can be seen in the graph in Figure 5, where the performances of three 
different competing collectors are compared with Absolicon’s T160. The difference between the two 
Absolicon collectors (tracking 1 and tracking 2) is the tracking. For tracking 1, the collector’s aperture 
area is placed horizontal to the ground and for tracking 2 the collector has a 15° angle to the south.7 

 

Figure 5. Comparison of Absolicon’s T160 against three other competitive collectors, one of them being a PTC and 
two FPC (Source: Technichal University of Denmark 2016) 

                                                
7 Jonatan Mossegård, R&D employee Absolicon, information gained during project, May 2017 
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3.5 Existing solar thermal systems 

3.5.1 Denmark 
Denmark has become the world’s leading country when it comes to integrating large-scale solar heating 
plants into DH systems. This has been possible due to several favourable actions and policymaking made 
by the government since the early 2000’s. Today Denmark has 106 operating solar plants with collector 
field areas greater than 1000 m2. The biggest plant is the Silkeborg plant with its 156 694 m2 aperture 
area, which is also the world’s largest the largest solar heating plant connected to a DH system (SDH 
2017).  
 
The large-scale solar heating plant is regularly combined with seasonal heat storage, where the more 
frequently used technologies for the heat storages are PTES or BTES. Dronninglund solar thermal plant is 
one example of a large-scale plant with a PTES. The field and heat storage is separated by a HEX and 
from the heat storage it is possible to deliver heat in several ways. The heat can either be delivered 
directly to the DH system or if the storage temperature is not high enough the heat can be used as heat 
source for heat pumps which in their turn deliver heat to the DH system. By using heat pumps the heat 
storage can be used even more efficiently and the period in which it can deliver heat extends. 
(Dronninglund Solar thermal plant n.y). In Denmark there is a special government owned credit institute 
which can provide investment loans with interest to DH companies. This enable that the DH companies 
can write off their loans for a longer time horizon, normally up to 25 years.8   

3.5.2 Ytterby, Kungälv - Sweden 
Ytterby is a small district located at the city edge of Kungälv. Because the district was very small and 
historically located outside of the city, Kungälv municipality found it cheaper to build a small local DH 
system in Ytterby rather than to connect it to the main city network. The DH network is constructed with 
plastic pipes and the heater plant consist of three parallel base load biomass heaters, which has a given 
start order depending on the heat demand, and one top load oil heater. Today the plant supplies heat and 
hot tap water to 190 households9 and in Figure 6 a basic P&ID with the flow directions is presented for 
Ytterby heater plant. 
 

 

Figure 6. Basic P&ID of Ytterby heater plant with the flow directions in the pipes 

  

                                                
8  Rasmus Bundegaard Eriksen Technical consult Danish district heating association, telephone interview, March 29, 2017 
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Ytterby does also have a 600 m2 collector field with FPC and a 60 m3 heat storage steel tank connected to 
the heater plant. The collector field is separated by a HEX to a secondary loop filled with water and 
glycol for antifreeze protection. When the sun shines and the fluid is heated up, the circulation pump in 
the secondary loop starts and pumps the fluid round the field and HEX. On the primary side, pipes go to 
the heat storage, which has two inlets; one at the middle and one at the top. Water is sucked from the 
bottom of the tank back to the HEX. Both the heat storage is connected in the same loop as the heaters, 
meaning that the same water runs through the tank, the HEX, the heaters and the DH network. The tank 
has a temperature sensor at its top and if that top temperature is warmer than the return water temperature 
from the DH network, an automatically controlled valve change the flow direction so that the return water 
from the system goes up to the heat storage bottom inlet and water from the top goes to the heaters.  
 
According to Nilsson9 the solar collector field occasionally on sunny days produces enough heat to cover 
the heat demand in the system for the whole day, evening and night. Today Kungälv and Ytterby have 
grown into each other and the plan is to connect the two systems in the near future. Kungälv also has a 
collector field of approximately 3 300 m2. The originally size was 10 000 m2 but after a breakdown 2007 
caused by thermal fatigue only one third was recovered. In Figure 7 a photo of Ytterby heater plant is 
presented. The squared shaped silo on the top picture is a fuel storage and the cylinder shaped tank in the 
back is the heat storage. 
 

 

Figure 7. Picture of Ytterby heater plant and the 600 m2 collector field connected to it. 

3.5.3 Lyckebo, Storvreta - Sweden 
The Lyckebo plant in Storvreta, 13 km north of Uppsala was constructed in the 80’s and was at that time 
seen as a revolutionary energy system with its 4 320 m2 collector field and one 6 MW electrical heater. 
The system was supposed to cover the heat demand of 550 apartments, where the collector field with its 
maximum power of 2.5 MWth was supposed to cover 15 % of the 8 000 MWh annual heat demand and 
the electrical heater was supposed to cover the rest. A 100 000 m3 toroid shaped rock cavern thermal heat 
storage (CTES) was also constructed at Lyckebo. The purpose of the heat storage was to handle excessive 
heat produced by the collector field in the summer and store it to the autumn and winter seasons (Åsberg 
2011). 
 

                                                
9 Lars Nilsson, Operating technician Kungälv energi, interview on the 3rd of March 2017 
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The operation of the plant suffered a lot of problems during its lifetime, which eventually forced it to be 
shut down. The low system volume in the collector field loop together with a slow control system 
resulted in over heated collectors, which boiled. This led to many unnecessary operational stops and left-
out productions. The collector field had also a lot of leakage problems, the heat storage had higher heat 
losses than expected and also water leakage problems. The crucial point for the plant came after a long 
period of vandalism with stone throwing at the collector field, the maintenance and reinvestment of the 
field became higher than the initiative investment cost and the owner decided in the early 2000’s to 
mount down the collectors. The heat storage however was still used together with electrical heaters and 
oil heaters and 2005 the existing plant was replaced with two biomass heaters (Åsberg 2011).    

3.6 The district heating system in this study 
The DH system’s operational data used in this study is for a subsystem in Storvreta’s DH system. The 
subsystem, which supplies 65 households with heat and hot tap water, is constructed with plastic pipes 
and is connected to Storvreta’s main system by a HEX as can be seen in Figure 8. The system is owned 
and operated by Vattenfall AB Heat generation Uppsala (Vattenfall), which also provided the data.  
 

 

Figure 8. Illustration showing Storvreta's main DH system and the subsystem, which is connected to the main 
system via a HEX 

The reason why just a subsystem of Storvreta’s DH system was chosen and not the entire Storvreta DH 
system is because Storvreta’s heater plant still operates with the heat storage described in section 3.5.3 
and the usage of the heat storage makes the system to complex for this study. The HEX separating 
Storvreta’s main system and the 65 households can and has been reckoned as a heater plant in this study. 
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4 Method 
In order to evaluate the production performance of Absolicon’s collector model T160 integrated to the 
subsystem of Storvreta’s DH system, heat production data for the collector has been analysed together 
with the operational data of the DH system received from Vattenfall. All calculations have been made in 
the analyse software Matlab. In this chapter the different steps of the evaluation will be further explained. 

4.1 Solar collector model 
A simulation model of the collector in the software Polysun was used to simulate the heat production of a 
T160 collector during a year. The model was provided by Absolicon, which ordered it from the software 
developer Vela Solaris. The model is based on the test parameters received from a test made by the 
Research institute of Sweden, 2016 and is confirmed by Absolicon as valid for this purpose10. To conduct 
a simulation, the model requires the following input data: geographical location of the field, inlet 
temperature to the collector and outlet temperature. The software uses weather and sun irradiation data for 
the entered geographical location to calculate the heat production yield, which is based on the sun 
irradiation along with other weather parameters. The data was logged as hourly-based time steps for one 
year. A limitation of the model was that it was just optimized for small temperature differences over the 
collector. 
 
The fact that the model only could deliver hourly-based data implied that the model only gave an average 
heat power, 𝑄!"#$% !"#$(𝑡) [W] for every hour t. The model was linear scalable for which the simulation 

was only conducted for 1 m2 collector field. From simulation, the  data and data for the collector 

field temperature during operation, 𝑇!"#$%&'()%*(𝑡) was exported to a excel document.  

4.2 District heating system data 
The operational data for the DH system was provided by the company operating the DH system, 
Vattenfall. 11  The received data consisted of hourly-based values for inlet temperature and outlet 
temperature to/from the HEX, volume flow and total delivered heat. The hourly-based values for the total 
delivered heat are hereinafter denoted as 𝑄!!"! !"#$%! [Wh]. 

4.3 Calculations made in Matlab 
For evaluating the integration of a collector field to the DH system a Matlab-script was created. The script 
imported the collector field data from Polysun and the operational data for the DH system, which was 
then used for the analysis. The first and most important assumptions in this study was that produced heat 
in the collector field could be delivered directly to the DH system via a HEX, without any heat losses. 
 
In the following sub-chapters, the calculations made, in order to get the results presented in chapter 5, will 
be further explained.  

4.3.1 Reshaping the heat production data from the collector field 
The 𝑄!"#$% !"#$ data contained some negative values, which in the Polysun simulation can be explained 
as heat losses during hours when the sun did not shine. Therefore, these values were excluded in the script 
by setting them to zero.  

 

                                                
10 Jonatan Mossegård, R&D employee Absolicon, information gained during project, May 2017 
11 Christine Englund SHM-stöd Vattenfall, Email conversation April 26, 2017 

!Qsolar prod
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Another feature with the Polysun model was that it registered 𝑄!"#$% !"#$ values even though the set inlet 
temperature demand was not met (70 °C for Storvreta). These values were also excluded in order to 
ensure that no 𝑄!"#$% !"#$ values with a temperature below the DH system’s return water temperature 
were used. Above statements is expressed mathematically in Equation 3. 

𝑄!"#$% !"#$ = 0, 𝑄!"#$% !"#$ < 0
𝑇!"#$%&'!" < 70°𝐶

 

Equation 3. The reshaping of the 𝑄!"#$% !"#$ expressed mathematically 

In order to compare and analyse the 𝑄!"#$% !"#$ with 𝑄!!"# !"#$%!, an assumption is made which states 
that, the delivered heat energy for every hour, 𝑄!"#$% !"#$ 𝑡 , is equal to the 𝑄!"#$% !"#$(𝑡) value for that 
hour. This is expressed as an integral in Equation 4 and it was carried out for the 8760 hours for the year. 

𝑄!"#$% !"#$ 𝑡 = 𝑄!"#$% !"#$

!

!!!
𝑡 𝑑𝑡 

Equation 4. The assumption that the hourly-based 𝑄!"#$% !"#$ values can be translated into 𝑄!"#$% !"!" values 

4.3.2 Excluding excessive heat production 
The fact that the instantaneously produced heat in the solar collector field, , can be higher that 

the DH system’s corresponding heat demand, , is a problem which could be solved with a heat 
storage. However in this study no heat storage was included in the calculations. Therefore an assumption 
was made: For every hour where the production in the collector field is greater than corresponding heat 
demand in the DH system, the collector field is assumed to deliver no greater value than the heat 
demand. All excessive heat production is excluded. In this is expressed mathematically. 

 

𝑄!"#$% !"#$ 𝑡 = 𝑄!!"# !"#$%! 𝑡       𝑜𝑚 𝑄!"#$% !"#$(𝑡) > 𝑄!!"# !"#$%! 𝑡  

Equation 5. The assumption that all excessive heat production in the collector field is excluded, due to lack of a heat 
storage. 

The phenomenon that the collector field delivers more energy than the DH system demands will in this 
paper be referred to as over production or excessive heat. In reality the collectors avoid over production 
and boiling in the collector field by using the tracking axes to turn the collectors away from the sun. 

4.3.3 The annual coverage of the DH system’s heat demand 
One way to evaluate a suitable collector field size for the DH system was by studying the annual coverage 
of the DH system’s heat demand, 𝜂!!"# !"#$%!, that the production from the collector field could cover. 
The 𝜂!!"# !"#$%! values were calculated according to Equation 6, or collector field sizes, cfs, in the range 
of 1 m2 to 1000 m2.  
 

𝜂!!"# !"#$%! =
𝑄 !"#$% !"#$(𝑐𝑓𝑠)!"#$

!

𝑄!!"# !"#$%!
!"#$
!

  ,   

Equation 6. Annual coverage of the DH system’s heat demand,  𝜂!!"# !"#$%!  

!Qsolar prod

!Qheat demand
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4.3.4 The annual collector field utilization rate 
Another way to analyse the performance of the collector field was studying the annual collector field 
utilization rate, 𝜂!". The 𝜂!" values were calculated by dividing the annual heat production Qannual solar prod 
for a collector field size, with what the collector field could have produced if all excessive heat also could 
be delivered, Qannual solar prod without limitation. This is expressed in Equation 7. 

 

𝜂!" =  
𝑄!""#!$ !!"#$ !"#$(𝑐𝑓𝑠)

𝑄!""#!$ !"#$% !"#$ !"#!!"# !"#"$%$"&'(𝑐𝑓𝑠)
  ,   

Equation 7. The annual collector field utilization rate, 𝜂𝑐𝑓 in which the actual heat delivery is divided with what the 
collector field could have delivered if the DH system could receive all excessive heat. 

4.3.5 The fuel saving and installation cost calculation 
For a DH system using a combustion heater, there is always a fuel cost. With a solar collector field that 
delivers heat to the DH system, the amount of operational hours for the heater can be reduced and thereby 
also the heater’s fuel- consumption and costs. Calculations were therefore made for the potential fuel 
savings for three different fuels: oil, gas, and biomass pellets, according to Equation 8.  
 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔!"#$ =
𝑓𝑢𝑒𝑙 𝑝𝑟𝑖𝑐𝑒 ∗ 𝑄!""#!$ !"#$% !"#$(𝑐𝑓𝑠)

𝜂!!"#!$ !"#$
∗ 𝑦𝑒𝑎𝑟𝑠 

Equation 8. Fuel-cost saving equation for a certain fuel type and payback time 

The heaters thermal efficiency, 𝜂!!"#!$ !"#$  was also included in the fuel cost calculations. It was 
moreover assumed to be interesting to evaluate the fuel cost savings for longer periods than one year. 
Therefor the following years of operation were used: 3, 5, 10 and 25 years. Three and five years was 
included due to that they are assumed to be in the rage of what investors normally consider as acceptable 
payback time limits. Ten years was assumed to be a more reasonable payback time for an energy 
production related investment and 25 year was included because that is commonly used as the economic 
lifetime of a collector field and the normally used payback time for Danish collector field investments12. 
The fuel prices and heater efficiency values used can be found in Table 2. All prices are given without 
any taxes. 

Table 2. The used heater efficiencies and fuel prices 
Parameter Value 
Oil fuel price 0.0680 € / kWh (SEAI, 2017) 
Oil heater efficiency 90 %13 
  
Gas fuel price 0.042 € / kWh (Eurostat 2017) 
Gas heater efficiency 90 %13 
  
Biomass pellet fuel price 0.0319 € / kWh14 
Biomass heater efficiency 91 % 13 

 
The choice of which heater types to include was made in agreement with Absolicon. An electrical heater 
type could also have been interesting to include in this study due to its high efficiency (over 99 % (Zander 
& Ingeström (2014)) and its advantages of being easy- and fast regulated. However, three heater types 
were considered enough to include in this study. 
 
 

                                                
12 Rasmus Bundegaard Eriksen Technical consult Danish district heating association, telephone interview, March 29, 2017 
13 Dennis Eliasson CEO Osby Parca, Email conversation April 21, 2017. 
14 Patrik Galle, Operating technician Skövde värmeverk, interview on the 27th of February 2017 
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The installation cost for the collector field was set to a fix cost of 180 €/m2.15 It was also specified by the 
company supervisor that no discount rate was necessary to include in this economic study. However, the 
result of the economic study can be questioned without the use of a discount rate, especially for a long 
time horizons such as 25 years. A sensitivity analysis has therefore been conducted for the payback time-
scenario of 25 years.  
 

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 = 180 ∗ 𝑐𝑓𝑠 

Equation 9. Installation cost equation 

In this sensitivity analysis the annuity method has been used on the investment cost. This method 
expresses what the annual cost would be for an investment, given a certain interest rate and payback time. 
Equation 10 presents the annuity equation used, where C is the investment capital, r is the discount rate 
and t is the payback time. 

 
𝐴𝑛𝑛𝑢𝑖𝑡𝑦 =  𝐶 ∗

𝑟
1 − (1 + 𝑟)!!

 

Equation 10. Annuity equation, where r is the discount rate and t is the payback time 

Assumptions made in the sensitivity analysis:  
• The discount rate is set to 5 %. 
• The investment capital is set to 180 € /m2. 
• The payback time is set to 25 years. 
• The rest value of the collector field after 25 years is zero €. 

4.3.6 Comparison of heat- demand and production during the day 
The collector field can only produce heat during the hours of sunshine. Therefore it becomes interesting 
to evaluate how the Qheat demand and the Qsolar prod varies with respect to each other during a day, for a 
chosen collector field size. The monthly median days of the Qsolar prod were chosen as representative days 
to compare, in order to include the seasonal variation. Using the monthly average days could also be seen 
as a valid method to use for this comparison. However, due to the fact that the median method is less 
sensitive to for extreme values in a data set, which these monthly data sets can contain, this method was 
chosen. 

  

                                                
15 Jonatan Mossegård, R&D employee Absolicon, information gained during project, May 2017 
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5 Result 

5.1 A possible collector field integration 
To get a better understanding of how a solar collector field integration could look like, a P&ID of a 
possible integration concept is presented in Figure 9. The P&ID is inspired by a P&ID of Ytterby’s DH 
plant and a P&ID of one already installed collector field made by Absolicon. The heater plant P&ID is 
the same as in Figure 2. However, now the following components are included: a HEX, an inlet pipe to 
the HEX (B), an outlet pipe from the HEX (A) and a check valve (4).  

 

Figure 9. Basic P&ID for a collector field integration 

The temperature indicator controller (TIC) placed in the collector field (in the figure: placed on the 
collector 7.) measures the current temperature in the field. It signals the circulation pump in the collector 
field loop (10.) to start if the temperature rises above the TIC placed on the collector field’s inlet pipe. 
The fluid is circulated via the shunt valve (11.) and three-way valve (12.) back to the collector field until 
the TIC placed after the collector field indicates a temperature higher than the return water temperature on 
the DH system. The reason for bypassing the HEX in the collector field loop, is because the fluid in the 
solar collector loop is a water and polyethylene glycol mixture that might have temperatures below 0 °C. 
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If that fluid would be circulated through the HEX it could freeze the water on the DH system side of the 
HEX. The regulating shunt valve 11. has two important purposes: to act as a flow resistance, similar to 
the HEX’s, while bypassing the HEX, and to start forcing the flow direction through the HEX when the 
three-way valve 12. starts to open towards the HEX. 
 
When the TIC placed on the solar collector field’s outlet pipe registers a temperature above the return 
water temperature on the DH system, the shunt valve (11.) and three-way valve (12.) change the flow 
direction in the collector field loop so that the fluid is circulated through the HEX. At the same time the 
shunt valve (4) on the DH system loop closes. This will change the flow direction of the DH system’s 
water from bypassing the HEX to circulating through the HEX. Heat is then transferred from the collector 
field to the DH system. A constant flow through the HEX would imply an unnecessary heat loss for the 
DH system for which is the reason why the shunt valve 4 is necessary. 
 
The heater still demands an inlet water temperature of 70 °C, which is regulated by the shunt valve 5 that 
recirculates some high temperature water from the heater to the inlet pipe. The heated water returning 
from the HEX (A) could be above 70 °C or below. If it is above, the shunt valve 5 can be fully closed. If 
it is below, the shunt valve 5 must be opened. However, because the water now has been somewhat 
preheated, the amount of recirculated high temperature water can be less compared to the case where the 
HEX is bypassed.  

 
The concepts of how this system is regulated and operated are just hypothetical and are neither simulated 
nor tested on an actual field. In reality the regulating system of a collector field is more complex and there 
and different operational conditions that serve to protect the collectors from boiling.  

5.2 The district heating system 
During 2016 the supply water temperature out from the HEX to the DH system varied typically between 
67 °C to 81 °C and the inlet temperature in to the HEX varied typically between 57 °C to 65 °C. Higher 
and lower temperatures occurred but the number of hours for which this happened was to low to represent 
any typical operational conditions. The average flow rate through the system was 14.5 m3 per hour. 
During 2016, the total energy demand for the system was 1 668 MWh, which is presented per monthly 
demand in Figure 10.  

 

Figure 10. The Dh system’s energy demand per month for the year 2016. The x-axis starts with January and ends 
with December 

As can be seen in the figure, the DH system has a typical seasonal variation during the year with a higher 
heat demand during the winter and a lower during the summer.  
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5.3 Case studies  

5.3.1 Data parameters used for Storvreta  
The first geographical location to evaluate the collector field performance at was Storvreta, for which the 
coordinates of Storvreta were set in the Polysun collector model. The outlet temperature of the collector 
was set to 80 °C. The Polysun model had a limitation that it only worked for fixed inlet temperatures to 
the collector field. The fixed inlet temperature to the collector field was therefore set to a value higher 
than the maximum return water temperature of the DH system. This was done in order to ensure that no 
Qsolar prod ever would be registered when the return temperature of the DH system was higher then the 
collector field outlet temperature. If the DH system’s return temperature would be higher than the outlet 
temperature of the collector field, it would imply that the DH system would heat the collector field loop 
instead. The highest return water temperature registered in the DH system data was 65 °C, for which the 
inlet temperature of the collector system was set to 70 °C. 

5.3.2 Data parameters used for Zhangjiakou 
The second geographical location to evaluate the collector field performance at was Zhangjiakou, for 
which the coordinates of Zhangjiakou were set in the Polysun collector model. The outlet temperature of 
the collector field was set to 125 °C and the inlet temperature to 120 °C. The choices were based on 
Zhang et al.’s (2015) article, which states that “A DH temperature range [in China] of 115-130°C for 
supply and 50-80 °C for return is typical”.  
 
Even though the collector field data in this case was based on parameters of Zhangjiakou, no changes 
were made on the DH system data. 

5.3.3 Calculations – collector field sizes between 1 m2 to 1000 m2 
In this section, calculation results for collector fields with the size range of 1 m2 to 1000 m2 will be 
presented for the two studied locations. 
 
The Qannual solar prod value for one square meter collector field, for the geographical location of Storvreta 
was 2.18 MWh/m2. The same value for Zhangjiakou was 3.0 MWh/m2. In Figure 11 the hourly-based 
Qsolar prod values for the two locations are presented, for one year. What can be seen from the figure is that, 
the two locations have similar production during the summer. However, during the winter month, 
Zhangjiakou has a relative high production compared to Storvreta.  
 

 

Figure 11. The heat production of one square meter collector field for the two studied locations during one year. 
The X-axis starts at 1st of January 00:00 and ends at 31st of December 24:00 (1 year is equal to 8760 hours) 
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In Figure 12 the annual coverage of the DH system’s heat demand, 𝜂!!"# !"#$%!, is presented as a 
function of the collector field size. Initially the 𝜂!!"# !"#$%! values grow proportional for both cases. For 
Storvreta it starts to decline at 6-7 % and for Zhangjiakou at 9-10 %. The largest 𝜂!!!" !"#$%! of the 
locations are 15.1 % and 26.1 % respectively, which are reached with collector field size of 1000 m2. 
 

 

Figure 12. The collector fields’ annual percentage coverage of the DH system’s heat demand as a function of the 
collector field size 

The reason for the curves’ appearances can be explained by the number of hours with over production. 
For field sizes up to 155 m2 and 147 m2 respectively for Storvreta and Zhangjiakou, the number of hours 
for which Qsolar prod is greater than Qheat demand is zero. With larger field sizes the number of hours for which 
Equation 5 becomes applies, increases. This affects and explains the declining growth of 𝜂!!"# !"#$%!. 
The growth of hours with over production hours can be seen in Figure 13.  
 

 

Figure 13. Annual number of hours with over production as function of the collector field size for the two locations 
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The annual collector field utilization rate, 𝜂!", of the collector fields are 100.00 % up to the field sizes of 
213 m2 and 217 m2 respectively, for Storvreta and Zhangjiakou, after that they decrease. This can be seen 
in Figure 14. 

 

Figure 14. The annual utilization rate as a function of the collector field size 

Investment cost and fuel-cost savings - Storvreta 
In Figure 15 the collector field investment cost is presented together with the corresponding cost savings 
for the three different fuel types stated in section 4.3.5. Note that the change of the fuel-cost savings is 
presented for the four different years of operation and that this figure just regards Storvreta. Do also note 
the different scale on the y-axis for the 25-year scenario. It should once again be clarified that the 
simplicity of this economical analyse, was considered by Absolicon as a “good enough” analyse. 
Parameters such as annuity and interest rate were not considered necessary for the purpose of this study. 
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Figure 15. Collector field investment cost for the collector field together with the fuel-cost savings for four different 
years of operation. The price index (105) on the y-axis represents € 100 000 

As long as the fuel savings have lower y-values compared to the installation cost for a certain field size, 
an installation of that field sizes should not be seen as profitable. None of the collector field sizes and fuel 
types become a profitable investment after three years of operation, as can be seen in Figure 15. For an 
oil-fuel heater, collector fields up to the size of 312 m2 become more or less precise profitable 
investments within 5 years but not for any other heater type. Within the 10-year perspective all field sizes 
studied become profitable for an oil-fuel heater. For a gas-fuel heater, collector fields up to 516 m2 
become profitable but for a pellets-fuel heater, none of the collector fields becomes profitable. With the 
time horizon of 25 years all collector field sizes become profitable for all different heaters studied. 
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Investment cost and fuel-cost savings - Zhangjiakou 
In Figure 16 the collector field investment cost is presented together with the corresponding cost savings 
for the three different fuel types stated in section 4.3.5. Note that the change of the fuel-cost savings is 
presented for the four different years of operation and that this figure just regards Zhangjiakou. Do also 
note the different scales on the y-axes. 
 

 

Figure 16 Collector field investment cost for the collector field together with the fuel-cost savings for four different 
years of operation. The price index on the y-axis is € 100 000 

The annual fuel savings for collector field installations in Zhangjiakou is greater than in Storvreta. 
However, none of the collector field sizes and fuel types become a profitable investment after three years 
of operation, as can be seen in Figure 16. After 5 years, field sizes up to 868 m2 become profitable for oil-
fuel heaters and field sizes up to 234 m2 for gas-fuel heaters. Within the 10-year perspective all field sizes 
studied become profitable for oil-fuel heaters and gas-fuel heaters. For the pellets-fuel heater, field sizes 
up to 765 m2 become profitable investments. With the time horizon of 25 years all collector field sizes 
become profitable for all different heaters studied. 
 
  



 30 

5.3.4 Daily heat- demand and production comparison 
The remaining results will just be presented for Storvreta and not for Zhangjiakou. It was considered that 
a result-comparison between the two locations for these results, would not give any new insights that 
could not already be drawn from earlier results.  
 
There are several parameters that should be taken into consideration when choosing a suitable field size 
for the studied DH system, which will be further discussed in chapter 0. However, in this section a certain 
fixed field size was chosen. The comparison was made for the hourly Qsolar prod and Qheat demand, for the 
monthly median days. The size of collector field was chosen to 224 m2 due to three reasons: 

1. The number of hours with over production is, by the author considered, low (73 hours). 
2. The collector field utilization rate is over 99 % (99.24 %). 
3. The field is equal to 40 T160 collectors. 

 
In Figure 17, Figure 18 and Figure 19 the comparison is presented for all 12 month of the year. No 
excessive heat production was excluded during this comparison. This implies that Equation 5 was not 
applied and over production in the collector field was allowed in this specific study. Note that the y-axes 
have different scales, that Qheat demand are the blue dots and that Qsolar prod are the red dots. Do also note that 
this result should just be seen as an example of how the heat demand and heat production can vary over a 
day for each month. It does not tell anything about the average demand/production for a certain hour for a 
certain month.  

 

 

Figure 17. The DH system's heat demand (blue dots) together with the heat production from the 224 m2 collector 
field (Red dots). The days represent the median production day for January, February, March and April. This result 
should just be seen as an example of how the demand/production can vary over a day for a certain month  
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Figure 18. The DH system's heat demand (blue dots) together with the heat production from the 224 m2 collector 
field (Red dots). The days represent the median production day for May, June, July and August. This result should 
just be seen as an example of how the demand/production can vary over a day for a certain month. 

 

 

Figure 19. The DH system's heat demand (blue dots) together with the heat production from the 224 m2 collector 
field (Red dots). The days represent the median production day for September, October, November and December. 
This result should just be seen as an example of how the demand/production can vary over a day for a certain 
month. 
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What can be seen in the comparison is that the heat production in the collector field can start as early as 
03:00 in the morning and last until 19:00 in the evening.  
  
The annual heat production, and thereby the DH system’s energy saving, for this field is 113.3 MWh. 
This is 8 % of the DH system’s annual heat demand. In Figure 20 the cumulative Qheat demand for the year is 
presented for the cases: with- and without the collector field.  
 

 

Figure 20. The cumulative heat demand for the DH system during the year, with and without the collector field 

The installation cost of a 224 m2 collector field with the installation price of 180 €/m2 is €40 300. In Table 
3 the corresponding fuel-cost savings for this field size is presented.  

Table 3. The fuel-cost savings for the four different years of operation 
Years\Fuel Oil Gas Biomass pellets 
3 26 000 16 000 12 000 
5 42 000 26 000 19 000 
10 85 000 52 000 39 000 
25 212 000 131 000 98 000 
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5.3.5 Sensitivity analysis of the investment cost calculation 
The result of the sensitivity analysis is presented in Figure 21. The figure shows the annual fuel cost 
savings for the heaters and what the annual investment cost would be, given an 5 % discount rate and 25 
years payback time. The 25 years-scenario was chosen due to the fact that 25 years is the economic 
lifespan of a collector field and a DH company would most likely not sell the collector field within these 
25 years. The rest value of the investment after 25 year is therefore set to zero euro.  
 

What can be seen in Figure 21 is that for DH systems heated by a gas fueled heater, a collector field 
investment would not be profitable for field sizes above 890 m2. For DH system heated by a pellets fueled 
heater maximum profitable field size is 570 m2. The annuity value is 12.8 Euro per m2 collector field and 
year. If the annuity cost would be calculated for shorter payback times the maximum profitable collector 
field size will rapidly decrease. If compared with the 25 years-scenario presented in Figure 15 it is evident 
that the inclusion of a discount rate has a great impact on the profitability of the investment.  

  

Figure 21. Sensitive analysis of the 25 years payback time-scenario. The fuel cost savings are presented as the 
annual amount and the annuity cost for the investment shows what the annual cost would be given a 25 year 
payback time. 
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6 Discussion 
It becomes evident that both locations have similar trends with the exception that a collector field in 
Zhangjiakou is more efficient compared to one in Storvreta. The reason for this can be explained with the 
higher annual heat production for a field in Zhangjiakou and the fact that it is only the input data of the 
collector field that differs the two cases. All the calculation steps in the script are the same for both 
locations.  
 
The remaining discussion and analysis will therefore only regard Storvreta because most of the 
assumptions in the Method are based on Swedish conditions, for both the DH system and the collector 
field.  

6.1 Limitations 
From the result in section 5.3.3 it becomes evident that the absence of a heat storage is the crucial 
limitation of how large a collector field can be sized. The main reason why this is a limitation is the 
inability of the DH system to handle excessive heat. Without a heat sink (the heat exchange to the DH 
system in the HEX), the collector field risks to boil. In reality the collector field would turn away from 
the sun to avoid excessive heat production.  
However, the time it takes for the collector field-tracking axes to turn away from the sun is comparably 
slow with respect to the time it takes before the collectors start to boil. A solution to avoid boiling is 
therefore to increase the system volume, preferably by including a heat storage. An increase of turning 
times of the axes does also imply an extended mechanical wear on the system, which should be avoided 
and be seen as an argument for using a heat storage. 
 
In this study only hourly-based data has been used. However, it is possible that this time resolution is not 
accurate enough. In reality there can be a large amount of occasions during an hour for which the heat 
production is higher than the heat demand and the collectors must turn away from the sun. Therefore a 
higher time resolution is necessary for a more accurate evaluation, for example a minute-based resolution. 
 
So, when dimensioning a suitable collector field size it becomes crucial that the amount of times for 
which the field must turn away from the sun is as low as possible, in order to minimize the risks of 
boiling, the mechanical wear and to get a high utilization rate of the collector field. Still, it is also crucial 
to have a fast-regulating control system, which starts to act at an early stage if boiling risk occurs. As 
already implied, a heat storage could solve these problems, due to the fact that the system gets a higher 
thermal inertia.  
 
The absence of a heat storage does also imply that the collector field is limited to only be able to deliver 
heat to the DH system during hours with sunshine. However, if the excessive heat could be accumulated 
this would allow large field sizes capability to deliver heat for hours when the sun does not shine, which 
is also an argument for integrating a heat storage. 

6.2 Investment cost and fuel-cost savings  
The economic evaluation in this study should only be seen as a guideline. It can be concluded from the 
sensitivity analysis that the investment cost is significantly dependent on the discount rate. It is also 
evident that long payback time is necessary for this type of investments, in order to gain profit.  
 
Many other crucial factors have been excluded in the economic evaluation, which most certainly have 
impacts on long time horizons like 10 or 25 years. In a more accurate economic evaluation, aspects that 
also should be taken into account are: fuel-price prognoses, maintenance- and service costs on the 
collector field, amortizations and operational cost. Subsidy is a factor that is common for this type of 
investments and is something that also should be included. 
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Another weakness of this economical evaluation is the used efficiencies of the heaters. The efficiencies 
are based on optimal operational conditions of the heaters, which are equal to high load profiles. Lower 
load profiles equals poorer efficiencies, which imply higher fuel consumptions. An actual variation of a 
heater’s load profiles has not been included in this study, but in order to get a more accurate analyse it 
should be included. 
 
It is possible that a collector field integration could lower a heater’s load profile from a high and good 
profile to a low. For example, the collector field could be capable of deliver 85 % of the DH system’s 
heat demand, but then the heater must run on a low load profile to cover the remaining 15 %. This is an 
aspect that also should be taken in consideration when evaluation a collector field integration.  
 
Seen on annual heat demand- and fuel cost reduction perspectives, an collector field installation might not 
have a large impact due to the much greater heat demand during the winter compared to the summer. 
Still, seen on a pollution perspective or on the annual average heater efficiency, it could have a major 
impact if the collector field could prevent the heater from being operated on low load profiles. 
 
From this evaluation it becomes evident that the economic study needed for this types of investment must 
be more detailed and it is also important to take the heater’s regulation parameters into account. 
Furthermore, the technical specifications and energy heat demand should be the parameters that 
determine the field size rather than the economic profitability. Still, despite the weakness of the economic 
study, one important observation that can be seen is that: it is still possible to make a feasible collector 
field integration, without a heat storage in the mid-Swedish climate conditions, something that, according 
to Absolicon, is often seen in the industry as impossible. It may not be profitable below 20 years (The oil-
fuel heater is rejected due to the fact that there is very few base-load heaters left in Sweden that uses oil 
as fuel16). Especially if the heater’s fuel is biomass-pellets. Yet, for longer time perspectives or if one 
takes other values than direct cost-savings in to account, as lowered pollution level for example, these 
types of integrations can be feasible for DH plant owners.  

6.3 Heat storage 
As already discussed, with an integrated heat storage the excessive heat production in the field could be 
handled. The Danish model, with seasonal storages, allows integrations of large-scale collector fields. 
Even by integrating a short-term storage like in Ytterby, larger field sizes are possible compared to the 
case with no heat storage integrated at all. Although, if one wants to avoid to invest in a heat storage, one 
possible way to handle some excessive heat could be to use the system volume in the heater as a heat 
storage. The heaters are dimensioned to withstand water temperatures in their system volumes well above 
100 °C as long as it is in a liquefied phase. So, if the water has the right pressure and if it would be 
possible to recirculate the water that runs through the HEX, through the heater and bypassing the DH 
system, some excessive heat could be stored by just increasing the water temperature in the heater. This 
solution however, demands some more complex piping then suggested in Figure 9 and it also implies a 
more complex and vulnerable regulation. Both these arguments imply additional installation costs and 
results in a more vulnerable system for which is this is not suggested as a recommendation. 
 
If the DH system had a different heat demand during the day, a heat storage could maybe also be avoided. 
For example if a heat demanding industry, which only operates during office hours was connected to the 
DH system, the heat demand would raise during the same hours as the collector field would produce 
heat,. However, this solution does just partly solve the problem. Lets say that a industry would be 
integrated and this would be a reason for investing in a larger collector field, the industry that just 
operates during office hours most likely does not operate during weekends. This leaves the field with an 
over sized heat production during the holidays and all the problems discussed about the utilization rate 
and boiling risks becomes issues again. 
 

                                                
16 Folke Sjöblom, head of statistics, Department: Energy system Energiföretagen, Telephone interview, May 18, 2017 



 36 

A short-term storage could besides the already discussed advantages also be used to operate the heater in 
a more efficient way. If the heater would be used to charge the heat storage along with its heat delivering 
to the DH system, it could be operated at a higher load during the changing time of the heat storage. After 
that the heat storage is fully charged the heater could be stopped during the discharge of the heat storage. 
For example, if Ytterby’s short term storage of 60 m3 would be changed to a temperature of 80 °C and 
then fully discharge to 60 °C, it could supply the studied DH system for about 4 hours, given the average 
flow rate of 14.5 m3 per hour. This solution does also solve the discussed problem with the scenario that 
the collector field forced the heater to a low load profile. 
 
Regardless if a collector field is integrated or not, an integrated heat storage to a heater plant and the 
campaign operation with charging and discharging of the heat storage is something that could be 
interesting for a future study. 
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7 Conclusions 
One first conclusion that can be drawn is that an integration of a collector field with Absolicon’s T160 
collector will reduce the annual heat demand needed from a heater, in the studied DH system. Even with a 
poor economic evaluation, the result shows that it is possible to make profitable collector field 
integrations if one can accept long payback times. However, an important observation from the sensitivity 
analysis is that this type of investment is sensitive to the discount rate and demands long payback times in 
order to be profitable.  
 
Zhangjiakou has more favourable climate condition compared to Storvreta and a higher amount of hours 
with sunshine during the winter months. Therefore, the annual coverage of the DH system’s heat demand 
covered by a field will be greater in Zhangjiakou compared to Storvreta.  
 
When sizing the collector field the utilization rate should be the parameter that determines the size. The 
choice of suitable field size should therefore be made in such way that the maximum production is 
achieved with the minimum amount of hours for which the field over produce. For the two studied 
locations this imply that the field sizes should be kept under 155 m2 and 147 m2 respectively, for 
Storvreta and Zhangjiakou. However, larger sizes are possible if one can accept a lower utilization rate. 

 
It is also evident form this study that there are more parameters than the utilization rate that must be taken 
into consideration when sizing the field. The operational condition and parameters of the heater are 
crucial to include to get a more valid result and to understand how the field will affect the heater.  
 
With a heat storage, the collector field size could be increased and it would be possible to deliver heat 
from the field for hours beyond the ones with sunshine. The idea of using the heat storage in a way of 
optimizing the load profile of the heater is just an idea but something that is concluded to be interesting 
for further studied. 
 
Last, this study should just be seen as a pointer of the performance of a collector field integration in a DH 
system. The economic calculations have multiple shortages and a better simulation of the collector field is 
essential, in which the dynamic data of the DH system should be used as input parameters. Yet, if a 
collector field could reduce the numbers of hours that the heater needs to operate on a low load profile, it 
could benefit the heater, Although, once again this requires a solution on how to deal with the excessive 
heat.   
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8 Future studies 
This study should just be considered as a small introduction study to a large field of deeper studies. The 
following paragraphs will outline some ideas of future studies, well suitable as master thesis studies. 

 Solar heat integration in small DH system combined with a short-term heat-storage  
One of the large shortages with this study was the lack of an integrated heat storage. Therefore, it would 
be interesting to keep the main purpose of the study presented in this paper – to evaluate the performance 
and profitability of integrated solar heat in small DH systems – but this time include a short-term heat 
storage. With a heat storage, it becomes possible to raise the utilization rate of the collector field and 
increase the fuel cost savings of the heater. It is possible that a short-term heat storage is considerable 
cheap and that the inclusion of it would make the investment much more profitable. This is something 
that one should evaluate. 

 
In this proposed study one should also do a more accurate economic evaluation. Different discount rates 
should be evaluated and one should also include operational costs and payments. Different fuel price 
prognoses should be evaluated, especially if evaluating long payback times such as 25 years. Also, It 
would also be interesting to evaluate what impact subsidies could have. 
 

The impact of the heater regulation if a heat storage is integrated 
Regardless if one integrate solar heat or not, the study presented in this paper found that heaters in small 
DH systems have problems with low load profiles during the summer. One way to tackle this problem 
could be by integrating a short-term heat storage to the DH system. The heater could then be operated to 
charge the heat storage at a high load profile, for a shorter period and then be shut down during the 
discharge of the heat storage.  
 
In this proposed study one should try to evaluate if one can change the heater regulation if a short-term 
heat storage would be integrated. One should evaluate if it is possible to operate the heater in campaigns 
and if this regulation change would imply less pollution and better “health” of the heater.  

 
Necessary input data for this study is such related to the combustion. For example: fuel feeding, on- and 
off time of the heater, air flow, pollution measurements in the chimney and heat delivery to the DH 
system.  
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