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Preface  
This research is the final proof of competence in obtaining the Master of Science (MSc.) degree in Civil 
Engineering Management (CEM), at the University of Twente. This research has been assigned by the 
‘Nederlandse vereniging van biomassa ketel leveranciers’ and was executed at Tubro Filter-, Lucht- en 
Verbrandingstechniek. The supervision from the University of Twente was done by dr. ir. A.G. Entrop from the 
Platform for Research on Energy for a Sustainable Built Environment (PRESBE) and prof. dr. ir. J.I.M. Halman. The 
supervision from the NBKL was done by dr. ir. E.E. (Eppo) Bolhuis.  

The research is shaped in the form of a research paper, which is presented to the reader in the next part of this 
report. The conducted research focusses on the adoption of biomass boilers in the Netherlands, and the factors 
influencing that adoption. I hope that this research can contribute to the diffusion of biomass boilers and thus 
improve the sustainability of the Dutch buildings. 

 
Enschede, 02-06--2017 
Nick Oude Vrielink  
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Management Summary 
This research paper is about the adoption decision of potential adopters for biomass boilers in the Netherlands. 
Biomass boilers are promoted by the European Union and the Dutch government as environmentally friendly 
energy sources. In the Netherlands, this technique however, is not as widely used as in other countries. The main 
reason this research has taken place is because a lot of potential adopters decline to use biomass boilers. This is 
due to the fact that biomass boilers can provide an environmentally friendly alternative to fossil fuels. Currently 
the Netherlands is a long way behind in the amount of sustainable energy produced if compared to other 
European countries. Therefore biomass boilers can help creating the sustainable economy that is pursued by the 
Dutch government and the European Union. 

The main question and several sub-questions are answered in this paper, to get an insight into the adoption 
decision of a biomass boiler. The main question is: 

What is the perspective of potential adopters in the Netherlands on biomass boiler adoption? 
 
First, a literature study has been carried out to determine the relevant factors for other environmental 
techniques and measures and the relevant factors in other European countries. The found factors were verified 
empirically, by interviewing adopters, non-adopters, suppliers and other actors in the sector for biomass boilers. 
In total, 24 interviews were held to verify the factors for the Dutch biomass boiler situation. This has led to several 
relevant factors and barriers for adopting biomass boilers. The main relevant factors found in the literature were 
the payback period, the biomass availability, the social acceptance, the missing knowledge and clear and stable 
legislation. Especially the payback period was emphasised in most researched papers. 

A biomass boiler has some effects for the adopter such as lower fuel costs, higher investment costs, more 
maintenance, lower reliability and a lower carbon footprint. For every potential adopter these factors weigh 
differently, but some are more important than others for the adopters. Some of these effects are solved by using 
the right supplier, who can provide a carefree package, which includes operation and maintenance of the 
installation. This however, does requires substantial financial resources,  making the project less profitable. Other 
adopters value the financial viability more and choose to do as much work as possible themselves. Because of 
the vast diversity of biomass boilers and their applications, there is not one standard implementation effect for 
adopters of a biomass boiler. 

Most interviewed adopters consider a biomass boiler as a ‘green’ choice because of the low carbon footprint 
compared to other heating techniques. However, there are also people who do not have such a rosy view on 
biomass boilers. For example, the origin of the fuel is questioned as well as the air-quality around those boilers. 
Some neighbours are afraid of nuisance in the form of smoke and pollution. A lot of these fears are not well 
funded and can be partially prevented by providing good information. Other concerns such as the origin of the 
fuel can be ensured to be sustainable by using quality marks proving the wood comes from, for example, a well 
maintained forest or waste wood. These negative sounds can be traced back to the stories from the suppliers, 
while also a the non-adopters were critical towards the sustainability of biomass boilers.  

The 24 interviews that were held are sufficient to get a clear view of the adoption decision, seen from several 
perspectives. During the interviews, some factors appeared not as important as the literature suggests, while 
other factors were confirmed to be important. The payback period was leading for most adopters. They often 
claim to buy a biomass boiler for other reasons, but if the payback period is too long or if the installation does 
not pay itself back at all they will not adopt a biomass boiler. That does not mean the other factors are not 
important, but according to the interviews, the financial viability is decisive in de adoption decision. 

The following factors are identified as the most influential in the adoption decision for a biomass boiler 
installation: 

• Subsidies / tax concession / feed-in tariff (such as SDE+, ISDE and EIA) 
o These ensure the financial viability of a biomass boiler is positive enough to adopt.  

• The cost of gas/oil/etc. compared to biomass 
o If other fuels are more expensive, biomass gets more financially viable. 

• Investment costs (payback period) 
o Currently, biomass boilers seem to be far more expensive in purchase than other techniques.  
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• Biomass availability (at competitive price) 
o Some actors are afraid that there is not enough wood available for sustainable fuel. 

• Social acceptance/awareness 
o Not all potential adopters think of a biomass boiler as a sustainable alternative. As long as that is the 

case, they will never adopt such an installation. 

• Missing knowledge (about operating) 
o If it is not clear how much work a biomass boiler requires to operate and maintain, potential  actors 

will not adopt a biomass boiler 

• Clear and stable legislation (for example emission requirements) 
o If the emission regulations, for example, get tightened often, the installation also needs to be 

upgraded regularly. This is something that is feared mainly by the suppliers. 

If biomass boilers become more familiar to the general public, the possibility of potential adopters becoming 
adopters will grow. The potential is there because many adopters who were interviewed were very satisfied with 
their installation. However, there exist barriers and a biomass boiler cannot be applied in every situation. This 
means that projects need to be selected carefully before they are initiated and executed. As a general rule, the 
higher the heat demand gets, the better the financial viability. 

The sector has to promote themselves more actively towards potential adopters. The focus must lie with 
companies who have a high heat demand and companies that pursue a green image. There are still many chances 
in areas that are not yet fully aware of the possibilities of biomass boilers. The easiest are the companies which 
have a stable high energy demand, but even the the energy demand varies, the latter can be solved by using heat 
buffers. Therefore there are chances in, for example, district heating, offices, industry and argricultural 
applications. 
 
Some adopters buy a biomass boiler for its environmental impact, some for the image of their company and 
others for the money they save. How these factors are divided exactly cannot be answered based on the 
interviews held for this research. Because the financial viability is relevant for all adopters, mainly the sectors 
which have a high heat demand have an enormous potential for biomass boiler adoption. The high investment 
costs which have to be earned back are the main reason this high heat demand is needed. It can be concludes 
that the perspective of potential adopters in the Netherlands on biomass boilers is very diverse, but it can be 
influenced by providing better information. 
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Definitions 
 

Biomass boiler - A boiler that runs on wood chips or pellets, (in this research) ranging 
from an output of 100 kW up to 10 MW 

(Wood)pellets - Compressed (wood/timber) matter used as fuel 
RET - Renewable Energy Technique. In other words, an technique that reduces 

the fossil energy use. 
NBKL - Dutch Association for biomass boiler suppliers (Dutch: Nederlandse 

vereniging voor Biomassa Ketel Leveranciers). The NBKL is the voice of 
all the suppliers of biomass boilers in the Netherlands  

RVO - The Netherlands Enterprise Agency (Dutch: Rijksdienst voor 
ondernemend Nederland), the Dutch executive organisation for the 
ministry of economic affairs 

Principal - The person who makes the adoption decision. 
Adopter - A person who takes up something. In this paper, a person who has 

bought a biomass boiler. 
Potential adopter - A person who might adopt a biomass boiler, because of a promising 

situation for adoption. This person might already have considered a 
biomass boiler but has not yet decided to buy one.  

ESCO - Energy Service Company, a company that delivers energy such as heat 
in the form of hot water/steam. This creates a carefree package for the 
user because the installation is maintained and operated by the ESCO 
[1]. 

EPI - Energy Performance Index, an index that indicates the energy 
performance of a building or process compared to a set standard. This is 
calculated by a pre-set formula [2]. 
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1. Introduction 
The use of renewable energy techniques is slowly 

gaining popularity in the Netherlands. However, the 
diffusion of these techniques is still behind most 
other European countries. If the Dutch government 
wants to reach  its goal of 14% renewable energy in 
2020, a lot has to change [3]. In 2050 the whole 
European Union even has to be carbon neutral. In 
2016 the total amount of renewable energy in the 
Netherlands was only 5,9% [4]. 

The prime focus on renewable energy is 
currently in solar and wind energy. If the media 
mentions renewable energy, it is mostly about solar 
or wind electricity. However, not all fossil energy can 
be replaced by these types of energy. These 
techniques generate electricity, while the largest 
portion of the energy use in the Netherlands is taken 
by heating. Heating takes up to 39% of the total 
energy use in the Netherlands [5], of which about 
half goes towards high-temperature applications for 
which biomass and fossil fuels are currently the only 
options. For low-temperature applications, heat 
pumps are also a possibility. Therefore, the focus 
cannot be completely on solar and wind energy. 
Biomass could have a place in the energy transition. 

The heating is also the part of the energy usage in 
which the most environmental profit is gained 
because it concerns the largest part of the energy 
use. 

This paper contains the findings of the research 
that is conducted. The research focusses on 
understanding how the adoption of biomass boilers 
in the Netherlands takes place and to determine if 
and how their adoption rate can be improved. The 
main reason for researching this now is because of 
the improvement of biomass boiler adoption in the 
upcoming energy transition.  

Biomass is a form of renewable energy. Due to 
the carbon cycle, the carbon footprint of biomass is 
presumed zero. In consequence, biomass can help in 
reducing the carbon footprint in the Netherlands. 
Although biomass also causes other emissions, such 
as Nitrogen oxide, the regulations in the Netherlands 
are stringent, and so the biomass boilers covered in 
this research are not significantly affecting the air 
quality in the Netherlands.  

A biomass boiler also has an effect on the user 
comfort. Such an installation is not as 
straightforward in usage as some other techniques, 
because the fuel needs to be refilled regularly and 

 
 
 
 
 
 
 

Research Paper 
Biomass boilers in the Netherlands: an adopter decision 
perspective 

Nick Oude Vrielink BSc. 

Department of Construction Management and Engineering, University of Twente 

Abstract 

The individual adoption decision for biomass boilers is the focus of this research. This research has been 
conducted in order to get a clear understanding of how the market for these boilers in the Netherlands can 
be improved.  The main factors influencing the adoption decision are determined by a literature study and 
by interviews. This has led to the insight that multiple factors are relevant, such as the reliability of the 
installation, the reliability of the fuel supply, the level of social acceptance and the awareness and 
legislation on biomass boilers. These factors are all important, but of most importance is the financial 
viability of the project. If the payback period is short enough, most potential adopters proceed to adopt a 
biomass boiler installation. 
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the ashes need to be removed. The installation runs 
itself, which means if the fuel bunker is filled, it 
automatically starts heating when needed. The fuel 
is cheaper than  natural gas, which is most commonly 
used in The Netherlands. The price of biomass is 
about half of that of natural gas per kWh  [6].  Other 
widely used techniques are gas boilers, oil boilers 
and heat pumps.  

Oil boilers are comparable to biomass boilers, 
because they also need to be refuelled periodically 
and are therefore comparable in usage. Gas boilers 
are almost always connected to the gas network and 
are hence refuelled automatically. They also need 
very little maintenance. The final alternative is the 
heat pump. These types of installations are not 
suitable for high temperature heating purposes 
because they cannot heat water to high 
temperatures. However, a heat pump has low 
maintenance costs and if combined with, for 
example, solar panels the energy bill is very low. 

2. Research Setup 
To provide better insights into the adoption of 

biomass boilers in the Netherlands, the following 
research questions are answered in this paper. 
What is the perspective of potential adopters on 
biomass boiler adoption in the Netherlands? 

The research consists of two parts, the 
theoretical and empirical part. In the end, both are 
combined to create the best possible view on how 
the adoption of biomass boilers in the Netherlands 
takes place and how this can be influenced. The 
theoretical research is used as a stepping stone 
towards the empirical research. The used adoption-
decision model is retrieved from the theoretical 
research, and the initial factors used during the 
empirical research are found in the literature as well. 

The literature research encompasses multiple 
ETM’s, not necessarily biomass boilers, and multiple 
European countries. For other techniques, a similar 
decision needs to be made. Therefore, the 
influencing factors and barriers are comparable and 
interchangeable.  

The adoption of biomass boilers can be 
compared to the adoption of other renewable 
energy techniques. The adoption of those 
techniques also has an influence on the energy usage 
and comfort of the adopters. Because of these 
similarities, it is useful to look into possible barriers 
of adopting these other techniques. 

The comparison is made by reviewing papers 
discussing the adoption of renewable energy 

techniques. Different papers were analysed, where 
central focus was put on the adoption of a renewable 
energy technique. If findings are the same between 
different papers, such as certain important 
influencing factors and possible barriers, they might 
also apply for the adoption of biomass boilers. This 
gives an indication of what should be researched for 
the adoption of biomass boilers. The used papers can 
be found in the references [4 – 39].  

Another way of identifying possible influences of 
adopting a biomass boiler is to compare problems 
and solutions found in other countries regarding the 
adoption of biomass boilers. Compared to the 
Netherlands, some European countries have a much 
higher diffusion rate. Since it is possible that some 
barriers to adopting biomass boilers have already 
been overcome in these countries, these markets 
have already matured more than in the Netherlands. 
This means that it is necessary to examine their 
found barriers because they can be quite similar or 
even the same as in the Netherlands. 

The empirical research consisted of interviews 
with the suppliers, adopters and non-adopters. Also, 
the head of the department of the RVO (Netherlands 
Enterprise Agency), who is responsible for the 
subsidy on biomass boilers, was interviewed. The 
findings are the result of all interviews held and the 
literature findings because the interviews were 
based on the findings in the literature. The 
interviews consisted of the following sample (Table 
1): 

 

 
Firstly, the interviews with the suppliers were 

held. These interviews were not only aimed at 
retrieving their own views on the adoption-decision, 
but also on their view on how potential adopters 
make their decision and what the most important 
reasons are to adopt or not adopt a biomass boiler. 
This ensured a broad view of the sector, and because 
the suppliers mostly ask their customers why they 
accepted or declined their offer, it gives a general 
view on potential barriers.  

Secondly, the adopters were interviewed to gain 
a detailed insight into the reasons for adopting. 

Table 1 - Interview sample 
STAKEHOLDER PARTICIPANTS 

SUPPLIERS 10 
ADOPTERS 9 
NON-ADOPTERS 3 
RVO 2 
TOTAL 24 
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During every interview, the same questions were 
asked, but in-depth follow-up questions were used 
to determine if their initial answer really was the 
most important factor or reason. The general 
questions were used to determine if the factors 
previously found during the literature study are 
applicable in the Dutch cases, while the follow-up in-
depth questions were used to ensure no factor was 
missed during the interview. The follow-up 
questions also gave a better insight into why certain 
factors are important to that potential adopter. 

Lastly, for the non-adopters the interviews were 
held in the same way as with the adopters. Some of 
the questions, however, were answered exactly 
reversed. For example, the main reason why 
someone has bought a biomass boiler becomes the 
main reason why someone has not bought a biomass 
boiler. 

Once all information from the different 
interviews and the theoretical research was 
gathered, the synthesis could take place. This was 
put in the adoption-decision model to explain the 
adoption decision for a biomass boiler in the 
Netherlands. This leads to finding the most 
important factors, which influence the adoption 
decision and the most important barriers, hindering 
a positive adoption decision. This model can be used 
by the RVO and the sector to improve the adoption 
of biomass boilers in the Netherlands and by that  
increase the amount of renewable energy used in 
the Netherlands. 

 
During the interviews, all interviewees were 

asked for the most important factors for adopting, or 
not adopting a biomass boiler. These factors can be 
found in Table 2.  

3. Theoretical framework 
To determine which framework is most suitable 

for this research, the initial literature study has been 
performed. This has led to the factors influencing the 
adoption decision according to the literature and 
according to studies performed abroad. The 
literature study not only focussed on biomass boilers 
but also on other ETM’s because a similar adoption 

decision has to be made with those other 
techniques. Therefore, it is expected to find the 
same factors and barriers influencing this decision. 
Twenty-one different influencing factors have been 
identified from thirty-two different studies. A few 
factors were mentioned in several studies and thus 
deemed more important than the factors which 
were only mentioned in a single study. 

Also, several studies about the adoption decision 
of a biomass boiler have been reviewed. There were 
twelve studies in twelve different countries in 
Europe that have been used to determine the factors 
that are relevant for the adoption decision. This has 
led to fourteen factors. Some of these factors have 
an overlap with the earlier mentioned twenty-one 
factors. During the interviews these factors were 
verified, resulting in the most influential factors 
mentioned in Table 2. On their own, however, these 
factors do not explain anything. That is why the 
adoption-decision needs to be analysed in a model.  

According to different studies, not only the 
financial viability of a biomass boiler is important, 
but also some other factors which are difficult to 
calculate in advance. For example, the reliability of 
the fuel supply, the social awareness and 
acceptance, and the presence of clear and stable 
legislation are included in the adoption decision.  

The reliability of the supply is something several 
principals point out as a problem because their 
company needs to operate continuously during work 
hours. Otherwise, they will lose profit. Also, some 
principals, who provide energy for their customers 
have to pay fines if the supply of hot water or steam 
is problematic due to an unreliable fuel supply. 

The social awareness and acceptance are also 
important according to the reviewed literature. This 
can be because customers demand a ‘green’ image 
from their supplier or because the principal wants to 
have an environmentally friendly energy source 
because of environmental awareness. This can 
hinder the adoption of biomass boilers, but can also 
boost the adoption. 

The presence of clear and stable legislation and 
regulations is important in the adoption decision 
according to several researched articles. If the 
regulations vary a lot in time, it is difficult to earn 
back the investment costs before new investments 
are needed. This can hinder the adoption of biomass 
boilers. 

The framework, as proposed by Entrop [2, p. 16] 
is used as a model to explain the different relations 
between the identified factors and the adoption 

Table 2 – Factors mentioned during interviews 
FACTOR TIMES MENTIONED 

LOW MONTHLY COSTS 7 
HIGH MONTHLY COSTS 5 
SHORT PAYBACK TIME 7 
LONG PAYBACK TIME 7 
RELIABILITY 5 
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decision. The framework used is straightforward but 
comprehensive enough for this research. The 
framework can be found on the next page in Figure 
3.  

The framework proposed by Entrop fits best in 
the purpose of this research because it is 
straightforward enough for a small market such as 
the biomass boiler sector in the Netherlands.  
Because the market is small, not much data is 
available to validate a complex framework. This is 
why the framework of Entrop is suitable for this 
research. Other frameworks have been looked 
analysed, but this one fits the research the best. 
Furthermore, this model not only gives an insight 
into the technical aspects of an adoption decision, 
but it also provides the context in which the decision 
is made. Of course, the technical aspects are 
important, but the context  determines what can be 
the final push for a positive the adoption decision. 
The framework consists of three parts.  

The factors mentioned in Table 2 all can be fit 
into the model as proposed by Entrop once validated 
and supplemented by the empirical research.  

4. Analysis 
The findings are first explained by providing the 

most important factors as mentioned by the 
different interviewees. Then this is explained in the 
Model of Entrop [2, p. 16] using the same structure.  

It is also assessed in the literature in which sector  
the most biomass boilers are placed by the suppliers. 
This is the Agricultural sector, followed by the 
Housing and Construction sector. This is mainly due 
to the high and stable energy demand in these 
sectors [7]. Also in the agricultural and construction 
sector, it is common that the companies have their 
own fuel supply. Their fuel is very cheap because 
they have it readily available, shortening their 
payback period and monthly costs. This has been 
mentioned multiple times during the interviews. On 
average, the payback period is estimated to be 6 
years for the suppliers. About 30% of all offers from 
the suppliers lead to adoption, and in an estimated 
25% of all projects, the environment is a factor in the 
decision. About a third of all interviewed principals 
also mention the visibility of their ‘green’ choice to 
adopt a biomass boiler as a factor. Given reasons for 
not adopting are a relatively long payback period and 
a low reliability. These factors were mentioned by 
70% of the suppliers and the payback period was 
mentioned as important by all adopters and all non-
adopters. If the payback period is too long, the heat 

demand is too low to compensate for the high 
investment costs. This is why the heat demand of a 
company is often decisive in the adoption decision. 
It is mentioned a few times that, even though a 
company wanted to invest in an environmentally 
friendly technique, a biomass boiler was not bought 
because of the long payback period.  

During the interviews, the suppliers were asked 
to mention the positive and negative factors that are 
relevant for the adoption decision. The results of this 
question can be found in Figure 2.  
 

 

 

 
As seen in Figure 1 and Figure 2, the payback 

period, the user comfort and a green investment are 
factors often mentioned by the suppliers. The 
subsidies and high gas prices, however, are relatively 
less important, although it must be mentioned that 
these do influence the payback period a lot. Thus, 
indirectly they are still relevant. 
  

Figure 2 - Relevant promoting factors according to 
the suppliers 

Figure 1 – Relevant hindering factors according to 
the suppliers 
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Figure 3 - Framework as proposed by Entrop [2, p. 16] 

4.1.B. Asses the effects of the ETM on the theoretical Energy 
Performance Indicator (EPI) of a building: 

• For new buildings use the EPC; 

• For existing buildings use the EInew; 

• Try avoid using EIold. 

4.2.A. Asses the investment costs of the ETM in a building: 

• For optimizing and adapting design;  

• For physical products(s); 

• For transport and installation. 

4.2.B. Assess annual cash flows related to the ETM in a dwelling: 

• Regarding energy costs; 

• Regarding maintenance; 

• Regarding reliability; 

• Regarding user comfort; 

• Regarding rebound effect; 

• Regarding building value. 

4.3. Asses the interests of the stakeholders to develop a strategy 
adapted to the institutional context by taking into account the: 

• Design implementation by architects, advisors and 
principals focusing on project specific advantages and 
disadvantages of the ETM; 

• Physical implementation of the ETM by contractors and 
principals in new and/or existing buildings; 

• Marketing implementation by principals and owners based 
on the ETM’s selling points in the project; 

• User implementation by owners and residents reflecting 
the usage and maintenance of the ETM in the building. 

4.1.A. Asses the effects of the ETM on the actual energy use of a 
building and its users, taking into account: 

• Environmental characteristics; 

• Occupational characteristics; 

• Building characteristics; 

• System characteristics; 

• Influence of appliances/machines. 

4.2. Asses the financial impact 

4.1. Asses the energy performance 

4.3. Assess stakeholders’ interests 

 Implementation potential of an biomass boiler 
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4.1.A: Assess the effects of the ETM on the actual 
energy use of a building and its users 

The environmental characteristics of a building 
can be important for biomass boilers. Several 
interviewees pointed out the nuisance of transport 
movements and air pollution, although this was not 
a standard question. About a third of the 
interviewees mentioned it as a relevant factor, whilst 
thinking about possible barriers. Therefore in an 
urban environment, these aspects need to be taken 
into consideration. To avoid too much nuisance, it is 
recommended to use a pellet boiler and not a chip 
boiler, because wood pellets are compact and need 
fewer transport movements. Pellets also burn 
cleaner than wood chips. If the boiler is well 
maintained and if it does not have to do a lot of start-
up cycles, the nuisance for the neighbourhood is 
insignificant. If the boiler is not installed properly and 
the correct fuel is not used, there can be a nuisance 
issues for the neighbourhood. There are some 
examples of boilers which do cause nuisance, but in 
all these cases the installation does not function 
properly due to a bad boiler, bad installation or bad 
fuel. For a biomass boiler to operate correctly, it is 
necessary the fuel has a consistent moisture content 
and does not contain to many pollution such as sand.  

The occupational characteristics of the building 
are important because the power of the installation 
depends on this. If the building needs a lot of 
heating, the installed boiler should have more 
power. However, if a boiler is too large for its 
demand, this will require too many start-up cycles 
and there will arise technical problems within the 
boiler itself. This means the advice of the supplier is 
very important to prevent problems. 

Building characteristics influence a biomass boiler 
because these characteristics fuel the heating 
demand of the building. This means these 
characteristics also determine what power the 
biomass boiler should have and how large the heat 
buffer should be. If there is a lot of variation in the 
heat demand, a larger buffer is recommended. 

The system characteristics are not very important 
because a biomass boiler can easily be connected to 
most existing heating systems. Thus the system 
characteristics of the building are expected not to be 
a decisive factor in the adoption decision for this 
reason. 

The influence of appliances can affect the heating 
demand of the building. This influences the type of 
biomass boiler needed. Also, biomass boilers can be 
used for heating processes in factories or for hot tap 

water. This also influences the power of the 
installation. If there are machines in the building 
which require such heat, a larger biomass boiler is 
probably needed. This biomass boiler then produces 
hot water for lower temperature processes, or steam 
for higher temperature demands.  

4.1. B: Assess the effects of the ETM on the theoretical 
EPI 

All buildings need an EPC to ensure their footprint 
is within regulations. In new construction projects, it 
can be essential that the biomass boiler is also 
weighed in the EPC, because if it does not count for 
a lower EPC, why should a biomass boiler be 
installed. Currently, the use of a biomass boiler is not 
standardised into the EPC. However one can request 
an equivalence. This means that biomass boilers 
have the value zero [8]. In other words, a biomass 
boiler does not impact the environment at all in this 
calculation model. The model calculates everything 
in carbon dioxide, and the carbon emissions of a 
biomass boiler are assumed zero. This equivalence 
can be requested for all biomass boilers which fall 
within the ‘activities decree’ (Dutch = 
activiteitenbesluit). For biomass boilers that do not 
fall within the activities decree, the value 0,5 can be 
used. Currently, the rules are being changed, and it 
is announced that the use of a biomass boiler will be 
standardised within the EPC rules. This means it can 
be a huge incentive to use a biomass boiler instead 
of a natural gas boiler because a biomass boiler helps 
meeting the prescribed maximum carbon emission 
rules in construction projects. 

4.2. A: Assess the investment costs of the ETM 
The optimising and adapting of the design of the 

installation for the specific situation is important 
with biomass boilers, because of the high investment 
costs compared to other techniques. This is 
mentioned by all interviewees; even the non-
adopters mentioned this as important. Also, the 
power of the boiler should ‘fit’ with the heat demand 
of the building and its installations. It can save a lot 
of money if the optimising of the boiler is properly 
done. The costs of optimising are relatively low 
because every supplier has standard formulas for 
determining the power of the boiler and the capacity 
of the heat buffer.  
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The physical product is the largest expense in the 
whole project. Such an installation is far more costly 
than a natural gas boiler. This can be earned back  by 
cheaper fuel costs [9]. However, it is still a barrier for 
some potential adopters. The non-adopters who 
were interviewed all stated that the investment 
costs were too high for the cost-benefit analysis to 
become positive. This was also stated by all the 
suppliers and the RVO, most potential adopters who 
become non-adopters think the investment costs are 
too high. There are incentives for adopting a biomass 
boiler. For the installations smaller than 500 kW this 
consists of an investment incentive (ISDE subsidy). 
This is a fixed amount paid by the government once 
the installation is installed. Also, a tax exemption is 
available, in which the biomass boiler is tax 
deductible. This is also available for larger 
installations.   

The transport and installation costs of small 
boilers can be considerable, but in the range this 
research focusses on (100 kW – 10 MW) which is not 
significant enough to withhold a company from 
adopting a biomass boiler.  If the biomass boiler does 
not fit into the existing building, the costs can be an 
issue. Then an extension is required for housing the 
boiler and the fuel bunker. Also for biomass boilers 
larger than 140 kW, a fireproof boiler house is 
mandatory. 

4.2. B: Assess annual cash flows 
The energy costs of a biomass boiler are lower 

than the expenses for other techniques. This is one 
of the reasons most adopters have chosen for a 
biomass boiler. However, this has to outweigh the 
investment costs in the long run to get a positive 
business case. The energy costs can get even lower 
by using a subsidy, which is available for the boilers 
larger than 500 kW (SDE+ subsidy). This subsidy is 
paid proportionally to the amount of heat produced 
by the installation. This subsidy is for twelve years 
[10], which ensures low energy costs for those 
twelve years. The importance of financial viability is 
rated a 2.8 on a scale of one to five by the adopters 
themselves. Nonetheless, the suppliers often 
mentioned that the financial viability is a large 
breaking point for a lot of potential adopters. The 
most mentioned reason for non-adopters is the long 
payback period. This is also backed by the suppliers, 
of which 7 out of 10 have mentioned this as the main 
barrier. However, all adopters have mentioned the 
low costs as the most important factor for adopting 
a biomass boiler.  

The maintenance costs of a biomass boiler are 
not very high, although still higher than for other 
techniques. This explains why the maintenance costs 
were never mentioned during the interviews. 

The reliability of a biomass boiler is generally 
lower than for other techniques such as natural gas 
or heat pumps. This is partly because wood is a 
somewhat difficult fuel, which means a malfunction 
is more likely to occur. Gas, for example, is a 
homogeneous substance which can be easily 
pumped through pipes, whereas wood is a solid fuel 
with not always the same size and weight. Also, an 
often mentioned problem with wood is that it can 
contain contaminants such as metal or sand. 
Especially wood chips are not always of the same 
quality, while wood pellets are tested and only 
approved pellets are used by most adopters. 

Often if a natural gas installation is replaced by a 
biomass boiler, the old installation is kept as a a 
backup. This improves the reliability compared to 
the old situation, due to the extra installation. The 
reliability is very important for some sectors, such as 
the industry in which the factory needs a biomass 
boiler to run, or in the housing sector in which people 
would like their homes to be heated and have warm 
water. The reliability of biomass boilers is mentioned 
by half of the suppliers as an important barrier. Of 
the adopters, only two mentioned reliability as a 
factor. 

The user comfort is often the same for a biomass 
boiler and another type of installation, which means 
the user comfort is not relevant in the adoption 
decision. The user comfort is the same because the 
only thing different is the installation that generates 
the heat. However, only biomass and fossil fuels can 
reach higher temperatures. This can be perceived as 
a higher level of comfort by some users. The 
operating and maintaining of the installation 
requires more work than some of the other 
techniques, but this is not something the average 
user has to deal with. That is something covered by 
maintenance. Pellet fuelled boilers are more reliable 
than woodchip boilers. Pellets are a more 
homogeneous fuel and less likely to be contaminated 
with dirt or metal. The chance of a breakdown is 
smaller with wood pellets. In sectors in which the 
reliability is important, often pellets are used instead 
of woodchips. There is, however, a point of comfort 
which is relevant. If a biomass boiler is compared to 
for example a heat pump, the temperature which 
can be achieved by a biomass boiler is much higher. 



14 - 61 Nick Oude Vrielink (2017) Paper 

For this reason, the comfort of a heat pump is lower, 
because the heating demand cannot always be met. 

The rebound effect is seldom relevant because 
users do not have to adjust their behaviour for a 
biomass installation. In some cases, where the gas 
installation is still available, it is possible to use more 
gas and less biomass.  This can be a decision based 
on the gas prices and user comfort. This means that 
the rebound effect is relevant sometimes. 

The building value will not be affected 
significantly by a biomass boiler. Consequently, this 
is also not a relevant factor in the adoption decision.  
Although it is asked during the interviews, no 
interviewee mentioned that the building value 
would increase enough to be of relevance. 

4.3.: Stakeholders’ interests 
The design implementation is can be problematic 

for some adopters, but for others it is not an issue at 
all. This depends on the sector in which the 
installation is installed, but also the environment in 
which it is installed. In an urban environment, it is 
almost always designed in a way that the fuel bunker 
is integrated into the building or in a cellar, while in 
an industrial or agricultural environment the fuel 
bunker is often built next to the building or even put 
in a shipping container or silo. Also, some adopters 
want to show their installation to everyone, while 
others want to put it away in the basement. 
Therefore many options are available, and it is not 
possible to state one simple solution for all adoption 
decisions. Furthermore, the nuisance of smoke can 
be something to be considered in an urban 
environment, while in an agricultural environment 
this poses no problem. 

The physical implementation is often an issue for 
biomass boilers due to the fact that a boiler room is 
often built for a much smaller natural gas boiler. A 
biomass boiler is usually a multiple of the size of 
other installations. The space in existing buildings 
needs to be large enough or needs to be extended 
for a biomass boiler to fit. The fuel bunker also needs 
to be implemented, costing even more space. In an 
industrial or agricultural environment this is often 
not a problem, but in an urban environment where 
space is scarce, this can be an issue. Therefore in 
many cases in urban settings it is an issue, while it is 
not a relevant factor in industrial or agricultural 
settings. 

The marketing implementation is for most of the 
interviewees not a factor. However, some mention it 
as important. Most interviewed suppliers have only 

one or two specific sectors from which they gain 
their customers. To supply other sectors, the use of 
biomass boilers has to be marketed better in those 
other sectors. They mention it is important to their 
customers that they have an environmentally 
friendly production. By the suppliers, it is estimated 
that about 35% of all clients think the visibility of 
their installation is necessary. The adopters 
themselves rated the importance of visibility 3,8 on 
a scale of one to five. Some adopters are obligated 
to have ETM’s in their buildings. Otherwise their 
customers will not buy their products anymore, 
which might explain the high perceived importance. 
Another point often mentioned is the discussion of 
the renewability of biomass. Many adopters state 
the source of the biomass is very important. In the 
media, critics state biomass is not durable, and 
whole forests are being cut down to fuel or biomass 
boilers. This affects the adoption decision, because if 
the source of the wood is not ‘good’ (not a well-
maintained forest), then the biomass boiler itself is 
not environmentally friendly. It can be stated that 
biomass from a European source is mostly from well-
maintained forests. The amount of forest in Europe 
is even growing fast enough to fill a Belgium-sized 
forest every two years [11]. This is also a point often 
mentioned during the interviews. In the general 
media, biomass has been put in a bad light in the 
Netherlands. Because of that bad image, a lot of 
explaining needs to be done by the sector to 
convince potential adopters that biomass can be a 
good fuel source without harming the environment, 
even helping the environment. This is also concluded 
by van den Hoogen [12], who states wind- and solar-
energy are perceived as 100% clean, while biomass 
is largely ignored by the mainstream public. In 
scientific research papers, there are a lot of 
contradictory perspectives on biomass. For example, 
Brack [13] states biomass does not benefit the 
environment at all, while Joselin and Krishnan [14] 
conclude biomass can reduce emissions. Orecchio, 
Amorello and Barecca [15] concluded the 
harmfulness of heavy metals in the ashes which are 
produced by burning biomass is not harmful to 
operators and can benefit soil if returned to nature.  

The last factor is the user implementation. The 
user implementation can be a factor because the 
maintaining and operating of a biomass boiler is 
more complex than with other techniques. A way to 
improve the user comfort is to use an so called 
ESCO’s (Energy Service Companies), which create a 
carefree package for the end user. These companies 
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invest in the installation, they operate and maintain 
the boiler, and the only thing the end user has to do 
is buy the heat from the ESCO. This heat is cheaper 
than the price which would be paid if another 
technique is used, while the end user does not have 
to worry about the reliability. This is something 
which is already proven successful in other sectors, 
such as the solar panel sector. One of the 
interviewees was an ESCO, which was in their own 
words, fairly successful. If the installation runs 
without an external company involved, it can be 
more profitable, but also more risky and less 
carefree. An ESCO claims to be more secure than 
when the installation is run by the adopter self. 

If not the individual adoption decision, but the 
market potential is considered, the technical 
potential for biomass boilers is the largest in the 
block heating, wholesale, wood industry, schools and 
universities, rubber and plastic industry, district 
heating and indoor pools. In these sectors, the 
financial viability is often good, due to the high and 
stable heat demand. If the use of biomass boilers is 
more often considered in these sectors, the adoption 
can potentially grow. This is all according to a report 
for the RVO provided by Koppejan [7]. In this report, 
the financial viability of different sectors is calculated 
and multiplied by the heat demand in those sectors. 
Such an market analysis is not performed in this 
research, but it is relevant for the adoption potential 
in the Netherlands.  

In the literature, the most important factors in 
the adoption decision were as stated in Table 3. The 
table indicates how many papers found one of these 
factors relevant. The international studies were held 
specifically on biomass boilers in Europe [16], while 

the literature studies are from scientific articles  
about different ETM’s. Only the factors deemed 
relevant when more than 3 papers are listed in the 
table. This is because these are probably the most 
relevant in the adoption decision.  

The costs of energy are lowered, while the 
investment costs are higher than with other 
techniques. This means that the investment costs 
needs to be earned back by the lower monthly costs. 
Another point which is different for the adopter is 
the fact that a biomass boiler is less user-friendly 
than other techniques. The boiler needs more 
maintenance than a gas boiler and operating the 
installation is also more work. The fuel needs to be 
ordered regularly, and sometimes the ash needs to 
be removed. 

Biomass boilers are seen as environmentally 
friendly, provided that the source of the biomass is 
environmentally friendly. Also, a lot of projects are 
currently executed in which beforehand the supply is 
secured with a local party such as the municipality. 
They have a lot of waste wood available due to 
pruning and green maintenance. These projects are 
generally seen as worthwhile. In the Dutch media, 
the last few months a lot of information about the 
use of wood pellets has been given. Although, mostly 
in a bad way. Despite the fact that the use of wood 
pellets in co-firing of coal power plants can be seen 
completely distinct from the use of pellets in biomass 
boilers, it has negatively influenced the public 
opinion in the Netherland. For example a broadcast 
of the program ‘Zembla’, which explains why wood 
pellets are not good for the environment [17]. This 
has been about the use of wood pellets in coal power 
stations mostly, not for biomass boilers. This is 

Table 3 – Important factors influencing the adoption decision 

Category Factor Endorsements by international 
studies 

Endorsements in 
literature 

Financial Subsidies / tax 
concession / feed-in tariff 

6  (Austria, Bulgaria, Croatia, 
Poland, Romania, Ukraine( 

5  [19], [20], [21], [37], 
[22] 

Cost of gas/oil/etc. 3 (Croatia, Romania, Slovakia) 8 [19], [23], [20], [29], 
[35]–[37], [41] 

Investment costs 
(payback period) 

5 (Austria, Croatia, Germany, 
Romania, Slovakia) 

4 [19]–[21], [27] 

Technical Biomass availability (at 
competitive price) 

6 (Bulgaria, Finland, Greece, 
Poland, Romania, Ukraine) 

5  [23], [29], [30], [34], 
[37] 

Organizational Social acceptance / 
awareness 

7 (Austria, Bulgaria, Germany, 
Greece, Poland, Romania, Slovakia) 

6 [26], [31], [35], [41], 
[45], [46] 

 Missing knowledge 
(about operating) 

4 (Austria, Finland, Germany, 
Greece) 

6 [19], [21], [26], [37], 
[38], [63] 

Risk support Clear and stable 
legislation (for example 
emission requirements) 

6 (Finland, Romania, Germany, 
Poland, Slovakia, Ukraine) 

4 [32], [37], [40], [41] 
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supposed to cause whole forests to disappear, but 
forests in Europe and North America are still growing 
according to the UN [11].  

The factors with the most influence are those 
mentioned in Table 3 and, of course, the factors 
mentioned most in the interviews. However, the 
most decisive factor is the financial viability of a 
project, which is often explained by the payback 
period. Of course, other factors play part, but if the 
viability is low or uncertain, most potential adopters 
become non-adopters. 

5. Discussion 
Here, the different contributions of this paper are 

discussed. 

5.1. Limitations 
This paper is based on 24 in-depth interviews, 

which can be seen as not much compared to the 
whole Dutch sector. However, the sector in the 
Netherlands is not very large (yet), which made it 
difficult to interview a larger amount of experts. 
Currently only about 500 biomass boilers are placed 
each year [18]. That is why every interview was an in-
depth interview. This means not only basic questions 
and answers were used, but the reasons behind 
these answers were also sought-after. This 
combined with the literature results does give a 
reliable insight into the adoption decision. The 
interviews also showed a lot of overlap, which 
resulted in similar findings. This is explicable because 
these overlapping factors are relevant in most 
biomass boiler projects in the Netherlands. 

5.2. Recommendations 
Some of the found barriers can be prevented or 

lowered by for example the use of an ESCO as 
mentioned before. The monthly savings are lower 
and the financial risk is also lower. Because a 
carefree package is delivered, there are also no 
issues with operating and maintaining the 
installation. But most importantly, the large 
investment does not have to be done because it is all 
covered by the price of the delivered heat. This is 
mainly an option if the principal is risk averse or if the 
principal does not want to operate the installation 
himself. 

Another problem is that the technology is 
relatively unknown in the Netherlands, whereupon it 
is seen as a risk to implement a biomass boiler. If 
more successful projects are done and seen as 
successful, this could improve. Also, the information 
provided towards potential adopters could be 

improved, or potential adopters can be provided 
with the information even before they have ever 
considered buying an biomass boiler. Therefore 
marketing could help the diffusion of biomass boilers 
in the Netherlands. This has to be combined with an 
explanation of polluting factors and failing projects 
that give the technology a bad image. If it can be 
explained why such projects failed and how these 
failures can be prevented, it helps to overcome the 
barrier of adopting a biomass boiler. 

An important point in the marketing needs to be 
the sustainability of wood pellets. Currently the 
sustainability of this fuel source is questioned by a lot 
of national and international media due to the co-
fuelled combustion of pellets in coal power stations. 
If the potential adopters get informed about the 
sustainability of locally harvested pellets from well-
maintained forests,  it might persuade them to adopt 
a biomass boiler. 

5.3. Practical contributions 
The practical contributions of this research 

mainly consist of the finding and verifying of the 
relevant factors in the adoption decision for biomass 
boilers. These have led to a few recommendations 
for improving the diffusion of biomass boilers. For 
the scientific community, a lot of factors have been 
validated by the interviewees. This means they are 
not only applicable to other countries and other 
techniques but also for the biomass boilers in the 
Netherlands. The conclusion of this research can 
provide a starting point for creating a clear policy for 
the RVO, the NBKL and other parties operating in this 
sector.  

5.4. Risks and opportunities 
If the prices of biomass and natural gas can be 

predicted, it can also be predicted whether the 
diffusion of biomass boilers will increase in the  
Netherlands. Also if some of the recommendations 
are applied, the diffusion will increase as well. 
However, if the price for natural gas is lowered, the 
difference between the costs for biomass and 
natural gas is too low to speak of a realistic payback 
period. Even if the operating costs are still lower for 
a biomass boiler than for other techniques, the 
investment still needs to be earned back.  

The largest risk for the sector is if malfunctioning 
boilers provide a bad image and if the image of 
biomass is affected by people claiming biomass is not 
environmentally friendly. If biomass has a bad image, 
no one will implement a biomass boiler system into 
their company.  This is already put forward a lot in 
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the mainstream media and during the interviews. It 
looks like a conflict is going on between the 
supporters and opponents of biomass. This is 
mentioned as a barrier by multiple interviewees. 

A lot of satisfied adopters have been 
interviewed. This means the technology is suitable 
for many situations which are alike to those. The 
potential for biomass boilers in the Netherlands is 
therefore promising, but the relevant factors 
mentioned in this paper need to be taken into 
consideration. 

The financial viability of a project needs to be 
positive for adoption, although companies do 
mention other factors as important. If the adoption 
needs to be higher in the Netherlands, some options 
are available. Firstly, the financial viability needs to 
improve, which means the difference between wood 
as fuel and other techniques needs to get larger. The 
investment costs for biomass boilers will not get 
much lower because it is already a fairly matured 
technique in other European countries. In 
consequence, R&D will not be enough to lower the 
investment costs significantly. 

It is important for suppliers of biomass to be 
transparent and clear about the source of the 
biomass. Best is if the source is local or if waste wood 
is used. That way the environment is barely harmed. 
If the source is not local, transport of the fuel will be 
an issue. 

Biomass boilers are a fairly unknown technique 
in the Netherlands. For this reason, a lot of potential 
projects are not executed because it is never 
considered as an option. This can be solved by 
marketing and by providing solid and reliable 
information towards potential adopters. In some 
sectors such as the agricultural sector and in 
construction, the technique is known well, while 
other sectors with a high heat demand still have a 
high potential to adopt biomass boilers.  

6. Conclusion  
The perspective of potential adopters on 

biomass boiler adoption in the Netherlands is very 
diverse. However, for potential adopters to come to 
a positive adoption decision the financial viability of 
the adoption is the most important factor. The 
perspective can be altered by better information for 
these potential adopters.  
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Appendices 
During the research, a lot of information which is useful for the sector is gathered. This is not direct 
relevant for the paper but has been used as background information during the research. This 
information can be found in the appendices. Some of it has been used in the paper, some of it did not 
make the cut. The used interview questions, the influencing factors, rules and regulations regarding 
biomass boilers, it can all be found in the appendices. The first appendix starts off with the initial 
research proposal. This proposal has not been strictly followed, due to new insights. However, it has 
been a good start for this research. 
 
The appendices the continue with the literature study, which also was the first step in the research. 
Using the results of the literature study, the research framework was set-up, and the empirical 
research was shaped by the information gained during the literature study. 
 
Then some background information is given about the questions asked during the interviews in 
Appendix F - and Appendix G -. The first round interviews where exploratory, so nothing which was 
missed in the literature study would be missed during the empirical research. The insights gained 
during these interviews were used to shape the second round interviews. However, the second round 
interviews were also very open. This means the questions prepared were a guideline of which was 
deviated continuously. This helped to gain an insight in the real reasons lay behind a principals 
adoption decision. 
 
This all together is explained by the model, as proposed in the research paper. 
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Appendix A - - Initial research proposal 
A1. Introduction 
This part of the report will elaborate about how the research was started and will give some practical information 
about the subject. 

A1.1. Background of the research 
This research investigates the adoption of biomass boilers in the Netherlands. The research has been initiated by 
the NBKL (Nederlandse vereniging voor biomassaketel leveranciers). They approached the University with the 
question if the adoption of biomass boilers in the Netherlands could be researched and how this could be 
improved, due to the fact that the adoption rate in the Netherlands is far lower than in other European countries. 

Boundaries 
It is necessary to determine the boundaries in which this research takes place. The research is about biomass 
boilers, which are the same as gas boilers, only fuelled by biomass. Therefore the surrounding system is not very 
different from a conventional system. These boilers are used to heat water and buildings. This research focuses 
on industrial sized biomass boilers, which run on mainly wood chips or on wood pellets. These are the most 
common types used in the Netherlands and probably have the largest potential of adoption in the Netherlands. 
These boilers can be used in industrial buildings, but also at for example swimming pools, greenhouses or large 
offices. The range in which this research will take place is for boilers with a capacity ranging from 100 kW to 10 
MW. Because biomass boilers do not function very well if started and stopped very often, a heat buffer is needed 
to keep the system running at full capacity most of the time. Other general and technical information about 
biomass boilers specifically in the Netherlands can be found in Appendix M.   

Organisational structure 
The organisational structure of the thesis is that the original question has been set out by the NBKL to the 
University of Twente. This has led to the setup of this master thesis. The research will be done on location at the 
office of one the members of the NBKL that is established in the city of Enschede, namely Tubro. Tubro is a 
company which imports and installs biomass boilers of a medium size. The main coaching from the University 
comes from A.G. Entrop and J.I.M. Halman. They will offer guidance during the research and will grade the end 
product. 

NBKL 
The NBKL represents 12 out of 15 companies that operate in this sector. Therefore it is representative for the 
Dutch sector as whole. One of the three companies that are not a member of the NBKL however, has close 
contact with the NBKL. The other three companies supply installations outside of the scope of this research, 
because they deliver biomass boilers of 10MW and larger. 

RVO 
Once the research was getting started, the RVO (Rijksdienst voor Ondernemend Nederland / The Netherlands 
Enterprise Agency) wanted to participate because of their mutual interest in the research.  The RVO is an 
organisation that supports entrepreneurs in the Netherlands. They have a lot of knowledge about subsidies, 
finding business partners and all applicable rules and regulations. They therefore also have a lot of knowledge of 
the adoption of biomass boilers in the Netherlands, because it is their job to support possible adopters. The RVO 
is already busy with the adoption of biomass boilers in the Netherlands, together with the biomass4business 
project, which is a European initiative to improve the biomass usage in Europe. This project can prove to be a 
useful source of information.  
Multiple parties are involved in creating the eventual master’s thesis, and all have their own interests that are to 
be considered. Therefore regular appointments have to be made, to make sure everyone involved will be 
satisfied with the results.  
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Biomass boilers 
There are several rules and regulations regarding biomass boilers, for example, there is an emission standard, 
which must be met. If a biomass boiler is adopted, one can apply for a subsidy from the government through 
different regulations, but a more extensive explanation about these subsidies and other rules/regulations can be 
found in the Appendix N. 
Biomass could be regarded as an attractive alternative for fossil fuels due to its carbon neutral footprint and 
because it can be harvested locally. This reduces the environmental impact and transport costs significantly. This 
is why the use of biomass boilers is subsidised by the Dutch national government. The European Union has signed 
the 2020-strategy, which includes several environmental goals. These goals can only be achieved if multiple 
sustainable techniques are used. Therefore biomass boilers are also important for not only the NBKL but also the 
government as shown in Appendix L. 

Innovation 
According to Kemp [1], an innovation starts at a niche market. This is where it is initially applied and where the 
learning starts. Because it is being used, people think about how to improve the technology to better adapt it to 
the users’ needs. This helps firms by providing the necessary financial means and experience to further improve 
the product. This is exactly the point where we currently are with the adoption of biomass boilers in the 
Netherlands because they are used almost exclusively in a niche market of carpenters and other firms that 
produce waste wood. This means the market could have a lot of potential if the experience and finances provided 
by the niche market are used to improve the adoption of biomass boilers. 

A1.2. Adoption of biomass boilers across Europe 
To determine the influence of several factors on the adoption rate, it is necessary to first create a model, which 
needs verification and validation. This can be done by using comparable situations, thus using the adoption rate 
of countries in Europe compared to the Netherlands is a logical step. The several factors that have influenced the 
adoption in other countries is determined by using literature. Another source of information could be the Bio-
energy4Bussiness project. This project is part of the Horizon 2020 framework programme by the European 
Community and aims at the same goals as this thesis. Already some statistics are available, which show the poor 
adoption of biomass boilers in the Netherlands compared to other European countries. This data can be found 
in Appendix L. 
In the research within comparable countries, probably some barriers will be found. These barriers are likely to 
exist also in the Netherlands. Therefore it is important to document and categorise these barriers. After this is 
done, it is necessary to determine possibilities of removing these barriers. That can be partially be done by using 
the experience gained in the other countries, but part has to be done by thinking out and applying new methods 
and solutions to these problems. 
A lot of information about the adoption of biomass boilers can possibly gathered by the collaboration with the 
RVO because they also participate in an European program [2] to increase the biomass usage in Europe. This 
European program will have information about all countries which participate in the program, as well as 
connections which can be used to gather all information not readily available. This resource could be used to 
determine barriers and advantages of biomass boilers across Europe, thus determining factors that are possible 
also applicable in the Netherlands.  

A1.3. Adoption of biomass boilers in the Netherlands 
Already some biomass boilers are used (about 7500 active [3]), and some companies are active in this sector 
(about 15 suppliers [4]) in the Netherlands. In this section, a small outline will be given of current views on the 
sector. Currently most biomass boilers are used within companies who have wood as waste material available, 
for example, carpeting or horticulture companies [5, p. 7]. These companies otherwise have to dispose of their 
waste wood, which is quite expensive. Now with a biomass boiler, they have found a useful technique of 
disposing of their waste in a cheap way. If the wood needs to be bought for fuelling the biomass boiler, it would 
be a quite expensive investment which cannot be done without subsidy or making loss.  
Some public buildings, such as swimming pools also slowly start to adopt biomass boilers. These companies 
require large quantities of heat, which makes it attractive to adopt a biomass boiler. The initial investment is 
quite high compared to a gas installation, but the cost of wood is lower than the cost of gas. Therefore large 
biomass installations which are partially financed with subsidies are attractive for these kind of situations. (Wood 
costs about €30,52/kWh and gas €65,16/kWh assuming €0,145/kg for wood and  €0,60/m3 for gas [6] ). 
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A1.4. Stakeholders 
There are several stakeholders involved in this research. The adoption of biomass boilers is done ultimately by a 
principal, but this principal is not always the owner or even the user of the installation. Furthermore, the supplier 
is involved by installing the system, possibly an architect or engineer for the surrounding (possibly already 
existing) construction and lastly possible advisors such as the RVO or consultancy firms. Lastly, the government 
is involved due to the different subsidies and taxes involved in using a biomass boiler. This is all summarised in 
Figure 4. A more extensive description of all stakeholders can be found in Appendix I.  

 
Figure 4 – Relationships between different stakeholders 
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A2. CONCEPTUAL RESEARCH PROPOSAL 
The research will start with the theoretical background on innovations and their diffusion and adoption, which 
will be followed by a study which determines the adoption and diffusion of biomass boilers in other European 
countries. This study will partially be a literature study, but it is also possible to use information of the 
bioenergy4business project and possibly their contacts. Then the research method for the Dutch situation is 
being explained, followed by the research itself. This all should result in a model, which can describe how the 
adoption of biomass boilers in the Netherlands works and what ‘buttons’ there are and how the adoption 
changes if these buttons are turned. 

A2.1. Problem 
The perceived adoption of biomass boilers is very low, especially compared to other European countries such as 
Germany, Denmark and France. Only a few dozen biomass boilers are sold by the members of the NBKL every 
year, while in for example Germany thousands are sold every year. The NBKL sees a lot of potential in the market 
for biomass boilers in the Netherlands but does not know how to get the adoption going. The full potential of 
biomass boilers is not used in the Netherlands. This not only means a lot of money is wasted by companies, but 
also the environment could benefit a lot because of the carbon cycle which is far shorter for wood than the 
currently used fossil fuels. Therefore the problem is the low sales rates of biomass boilers in the Netherlands.  

A2.2. Goal 
The goal within this research is to get a better understanding in the adoption decision of biomass boilers in 
the Netherlands, by creating a model which explains this adoption decision. This model will be created for the 
NBKL and the RVO because they are the principals in the research. This means the model should focus on the 
market level and not on a project level how the adoption decision is made. The goal of this research is higher 
sales rates of biomass boilers. It will be researched when a company decides to adopt a biomass boiler, and 
what factors influence this decision. This should lead to a better understanding about the adoption of such a 
sustainable innovation. This will lead to a better understanding how the NBKL and possibly other parties 
positively can influence the adoption of these biomass boilers. The model will focus on the market as a whole 
and separate market sectors because although different sectors can adopt biomass boilers, the adoption decision 
is made differently for all sectors. These influencing factors can include barriers and incentives. “The term barrier 
is a metaphor for the constraining factors that affect the implementation of bioenergy systems” [7]. The research 
can be used not only for biomass boilers but also for gaining a general understanding about the implementation 
of sustainable energy solutions. This will include the relevant factors influencing the adoption decision and the 
dynamics between these factors. Furthermore, this will not only become a static model, in which the current 
situation is explained but also how this can change. Thus it will become a dynamic model which works with 
different future scenarios. It will be possible to ‘turn the knobs’ within the model, after which the new scenario 
will automatically be calculated by the model. 

A2.3. Research Questions 
To achieve the goals set in the previous paragraph, a few research questions have been made. These questions 
cover the goal and should solve the problem as mentioned in paragraph 2.1. The main research question will be:  

How can the adoption of biomass boilers in the Netherlands be modelled? 
This main question will be answered by finding answers on a few sub-questions. This is also because the 
influencing factors can be traced back to many different reasons, ranging from government rules and regulations 
to perceptions of possible adopters. This research tries to give an insight into all different factors affecting the 
adoption rate of biomass boilers by using different research techniques.  
The sub-questions are build up by starting with the actual measurable (dis)advantages of a biomass boiler in 
comparison to other systems. This should already give an answer if it is profitable to adopt a biomass boiler. The 
second set of sub-questions answers the opinion and perception of people/companies towards biomass boilers. 
The last set of sub-questions answers how the actual adoption decision is made. The sub-questions are as follows: 
Question 1. What can be found in the literature about the adoption decision of biomass boilers or other 

environmentally friendly techniques? 

1.1. What can be concluded from research of other techniques? 

1.2. What can be concluded from comparable countries and their experience with biomass boilers? 

1.3. Why is the adoption rate much higher in other European countries? 
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This first question will be used to determine initial factors influencing the adoption decision model which will be 
created. Also, different models for other sustainable techniques will be looked into to determine if they can be 
(partially) used to create a model for biomass boilers. Some information is already given in Chapter A5.4 and 
Chapter A5.5. Other countries have done similar studies for biomass boilers. These studies can be used to 
determine if there are comparable factors in the Netherlands which also are relevant for this research.  
The last question in this part, namely why is the adoption rate in other countries in Europe much higher than in 
the Netherlands still needs to be answered during the research, because not all barriers and other influences 
have been identified for the Dutch situation. Once this is known, a well-founded answer can be given. 
Question 2. What are effects of implementing a biomass boiler? 

2.1. How does a biomass boiler affect the energy performance of a construction? 

2.2. What are the financial effects of a biomass boiler? 

2.3. What other effects can be identified? 

Before it is possible to determine what influence certain effects have on the adoption decision of biomass boilers, 
it is necessary to determine what the effects of implementing such a system actually are. The effects can be 
measured by using the finances and the technical effects because the technical effects are for example the energy 
usage and the difference in user comfort. The financial effects are the monetary benefits of implementing a 
biomass boiler. 
These questions will be answered by using a few example projects. All technical and financial aspects of these 
projects will be covered to give a good view of the impacts of adopting a biomass boiler. The answers to the sub-
questions can also be used to create an article, which promotes the use of biomass boilers in the Netherlands. 
This can then be used to find possible adopters for interviews in later parts of the research. The focus should lay 
on interviewees who belong to the early majority ( [8], because once this group starts adopting the innovations 
will start to be implemented exponentially.  
The example projects will be retrieved from Tubro and possibly other companies supplying biomass boilers in 
the Netherlands. These cases are readily available, and therefore this part of the research should pose little 
problems. 
Question 3. What is the perception of (potential) adopters on the adoption of biomass boilers? 

3.1. What do potential adopters know about biomass boilers? 

3.2. Do (potential) adopters have previous (negative/positive) experiences with biomass boilers? 

3.3. What are the positive and negative points perceived by potential adopters? 

Not all variables are perceived the same as they actually are. Therefore it is important to determine the 
perception of these effects by the principal as mentioned by Vermeulen and Hovens [9, p. 2730]. The main 
perception is formed by what is already known about biomass boilers, and this is influenced by possible positive 
or negative effects. After all, this is known, it is necessary to determine what positives and negatives are 
perceived about biomass boilers. This can be used to influence the actual adoption decision and determine how 
the adoption decision is changed by these factors.  
The perceptions of different adopters and potential adopters is acquired by interviewing different experts. These 
experts are interviewed about projects, and these projects should not only be example projects in which 
everything went well. It is necessary to also gain information about failed projects because this helps determining 
why projects fail or why a principle does not adopt a biomass boiler. 
Before these interviews can be held, first the literature study needs to be completed. This should identify 
different influencing variables beforehand. This information can then be used to determine if the variables 
mentioned in the literature are also relevant in the adoption of biomass boilers in the Netherlands. A summary 
of the different variables found is already made in 0 (scientific articles) and 0 (international reports about biomass 
boilers). 
 
The variables found in the literature will be used during the interviews, because possibly already all variables are 
known. It needs to be verified if these variables are also relevant in the case of the adoption of biomass boilers 
in the Netherlands, with help of these interviews. All variables will be discussed in the different sub-questions, 
which should give a complete image of the empirical findings about biomass boilers. It is possible extra variables 
surface during the interviews. When this happens, they will be processed into the adoption decision model. 
All interviews will be held with experts, who can be contacted through the NBKL and its members. This will be 
logistically challenging, but it is possible if not too much interviews are done within the time limitations. 
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Question 4. How is the adoption decision of a biomass boiler made? 

4.1. How do the different measurable effects influence the adoption decision? 

4.2. How does the perception of (potential) adopters influence the adoption decision? 

4.3. What is the combined influence of all these different effects? 

Once all variables are known from the previous questions, it can be determined how much they influence the 
adoption decision. The variables will be used to determine their individual influences, which means the adoption 
decision influence can be determined if a single factor is changed. Then a combined model will be made, to 
determine if this explains the effect on the adoption decision better than the individual factors. This model should 
be tested statistically, which means all factors will also be quantified in this phase of the research. 
The model created will be verified by using information gained by experts and will be validated by a workshop in 
which experts will give their opinion about the subject. This is mainly because of a lack of time to gather enough 
information about different projects in the Netherlands and the lack of projects that are available. During the 
workshop, data will be gained from the experts, after which the data will be standardised into a database. This 
is needed to quantify all different factors influencing the adoption decision. 
All these sub-questions together lead towards a decision-making model of potential adopters of biomass boilers 
in the Netherlands. In this model different influencing factors will be processed, based on comparative studies 
and interviews with both adopters and potential adopters. The resulting decision model makes it possible to 
create scenarios for the future and derive predictions from those scenarios. If certain assumptions and changes 
are made for a future situation, the impact of those changes can be determined with the help of the decision-
making model. This could help improve the adoption rate of biomass boilers in the Netherlands and gaining a 
better insight into the workings of such an adoption decision. This insight is meant for the sector as a whole, 
which means the research will not focus on individual projects. However, all data which will be gathered will 
come from individual projects. 
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A3. Technical research proposal 
This part of the research proposal will describe the steps needed to perform the research. Also, a first version of 
the adoption decision model is proposed in this part, as well as a planning in for the research. 
 

A3.1. Research strategy 
The end product of this research will be an adoption decision-model, by using the theoretical background and 
the information gained from other countries. Also, the information gained with interviews and by comparing 
other similar studies will be used to create this decision model. This will all be used to determine the adoption 
rate of biomass boilers in the Netherlands. To be able to say anything about the Dutch situation, it is needed to 
gather information. This will be done with the help of questionnaires which will be held with (potential) adopters 
of biomass boilers. 
These questionnaires will cover several aspects, which are partially inspired by the innovation-decision model as 
proposed by Rogers [8], the model described by Hekkert [10], and partially made for this specific research. After 
all, information is gathered, the research will focus on laying connections between the aspects and determining 
their influence on the decision of adopting/rejecting the use of biomass boilers. Once these connections are 
made, it is possible to determine the potential of the Dutch market by extrapolating the current adoption and 
diffusion rate with the influencing factors.  
 

A3.2. Research Material 
There are about a thousand potential adopters per year in the Netherlands who request a quote at one of the 
members of the NBKL. The research will try to gather information from these potential adopters. The 
questionnaire will be made by using the literature and a few in-depth interviews. These interviews will be used 
to determine potential factors influencing the decision. If these factors are determined by the in-depth 
interviews, their actual amount of influence will be determined by using a few questionnaires held with experts 
in the field. Because of the time restrictions, it is not possible to have a large scale questionnaire. This also means 
not a whole range of variables can be identified. Therefore only the most important variables will be determined. 
To be able to create a working decision model, which can also practically be used, it is important to also 
determine all technical aspects of biomass boilers. This should encompass the technical capabilities in different 
situations, as well as all financial aspects. This is all needed to determine in what situation it is profitable to use 
biomass boilers over gas boilers and what sub-markets have the largest potential of growth. This information will 
be gathered from the members of the NBKL, who have this kind of information available. 
The result should be a decision model, in which is described how and when a potential adopter makes the 
decision to buy a biomass boiler system for his company/organisation/etc. This model will be used to create 
several scenarios for the future, which can be used by the NBKL, supplies and possibly the Dutch government to 
prepare for the future and possibly decide how to adjust their policies. Therefore it is needed to be able to ‘turn 
the buttons’ in the model. This could be used to determine the result of possible changes in policy or other 
possible changes, such as the information provided towards the principle. 
 

A3.3. Research model overview 
The research model is actually quite straight-forward. It consists of finding possible factors influencing the 
decision of adopting a biomass boiler, putting these factors in a decision making model, determining their 
influence by adding weights to them and concluding with a influencing strategy per factor which can be used by 
for example the NBKL, suppliers and RVO to influence the adoption of biomass boilers in the Netherlands.  
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Figure 5 - Research process model 

 
The research model consists of three different parts, namely the literature review, the empirical research and 
the synthesis of those two as seen in Figure 5. The first part is already partially done because a lot of literature is 
already looked into and the international reports with their findings are also already mentioned in this research 
proposal. The factors found will be used in the actual research, which will mainly be an empirical research and 
the synthesis with the literature. The literature results are used as a basis for making the empirical research 
possible.  
 

A3.4. Research planning 
Several things need to be done to perform this research. The first steps are made in this proposal; the remaining 
steps are already planned. The literature study and the initial adoption-decision model are already finished. The 
following steps need to be done during the research: 

1)  Find case studies for determining the adoption decision factors 

To get more information about the adoption process, a few cases will be used to write an article in a professional 
Dutch journal. It is intended to get this article published in a relevant professional journal. This should lead to the 
confirmation of the theoretically found factors, and possibly, even more, factors will be found. The publication 
of an article is mostly because it can be used to reach potential adopters for the next phase in the research and 
to already gain more awareness of biomass boilers in the Netherlands. 

2)  Publish article 

Once a few cases have been found, the article, of course, needs to be written. In this article, the focus should lay 
on different incentives and barriers of adopting a biomass boiler. These possible barriers could be refuted by 
giving different strategies to overcome them. This ensures enough information is available to make an initial 
adoption-decision-model, while also helping the sector with a bit of promotion of the technology. 

3)  Determining the preliminary adoption-decision-model  

Once all information from the initial case studies is known, it is possible to work out the adoption-decision-model. 
This model is the main product of this research, which should lead to a better understanding in how the adoption 
decision can be altered or influenced (positively). 

4)  Interview experts involved in the case studies 

When the model is finished, it is necessary to ask the right questions to expert in order to determine if the initial 
assumptions about the model are right. The initial case studies used to publish the professional journal article 
probably lack certain information, which can be gathered during these expert interviews. Part of the interviews 
will be used to improve the initial model into a preliminary model, and part of the interviews will be used to 
verification the preliminary model. 

5)  Work out weights of the influencing factors with some of the cases (10/20 cases) 
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With the information gained from the expert interviews, it is possible to work out the weights of all influencing 
factors. Because in the short time available not a lot of interviews can be done, it is also not possible to determine 
a lot of influencing factors.  

6)  Verification model with the remaining cases (5/10 cases) 

Once the weight are determined, these can be verified by using the remaining case information. This can be done 
by simple statistical tests. 

7)  Validate model with workshop with several experts 

Once the model is verified, also validation is needed. This will be done by using a workshop involving several 
experts. They can all bring their own information and cases, which will be used to (statistically) prove the model 
is correct. 

8)  Finish writing the research report 

After all, information is gained, and the definitive model is made, it is needed to report everything. Although the 
writing of the report will start the minute the research is started, in the end, some time is needed to finish all 
documents. 

9)  Perform Colloquium 

The research will finish with a colloquium, in which all results will be presented and discussed. 
All steps mentioned above are put into a bar chart, which can be found in Figure 5. This bar chart shows how the 
activities are planned in the research.  The research start will be the first week in April, and after 20 weeks it will 
be finished. This will be the end of August 2016. 
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A4. Results 
This part will elaborate on both the scientific and practical contributions which are to be expected from this 
research. Also, some limitations, which can be identified beforehand will be explained in this part.  
 

A4.1. Scientific contributions 
The proposed research should result in a comprehensive model, which describes how the adoption of biomass 
boilers is influenced by different variables. This will be based on different interviews with experts and be 
validated by with a few case studies.  Although a lot of research has been done which determines the influence 
of different variables on the implementation of environmental friendly and energy saving measures, no literature 
can be found specifically about biomass boilers in the Netherlands. Furthermore, this research will find out some 
possible barriers which hinder the adoption of biomass boilers in the Netherlands. Once known, possible 
solutions can be given to overcome these barriers. 
 

A4.2. Practical contributions 
The result of the research wild give solutions for improving the adoption of biomass boilers in the Netherlands. 
These solutions can be used by the individual companies and the NBKL to improve their sales. The government 
might use the results to rethink their policy regarding biomass boilers, and the RVO might rethink their strategy 
of helping entrepreneurs implementing these installations.  This should lead to a higher adoption rate and 
therefore less gas usage in the Netherlands. It might even lead to a reduction of carbon dioxide emissions in the 
Netherlands, giving the government a better chance of reaching the 20/20/20 goals.  
This can be done by creating or using already available scenarios and changing these according to the insights 
gained by the end result of this research. Then by filling in the changes in the model, possible influences of the 
changes should become clear. This might help policy makers, the NBKL and even individual biomass boiler 
suppliers to make the right decisions and improve sales of these systems. 
 

A4.3. Risks and opportunities 
Due to the fact this research will only take up six months, the validation phase will not be done with a lot of cases. 
This is not possible in the given time. As an  alternative, a workshop with a few experts who can be interviewed 
about a few case studies will have to suffice. However, due to the fact that this is a workshop with experts who 
have a lot of knowledge the information gained in this workshop should give enough insight to be able to state 
what factors are important in the adoption of biomass boilers in the Netherlands. 
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A5. Theoretical Background  
Before the actual research takes place, it is necessary to determine what information is already available in the 
literature and how this can be applied in this research. This part discusses several theories, which are used to 
determine the adoption level of biomass boilers in the Netherlands. First, the diffusion theory of Rogers will be 
discussed, after which the government regulations influence on innovations is being discussed by using the 
theory of Beerepoot [11].  
Some of the different theories have been handed over by the professors of the University and others by the 
Netherlands Enterprise Agency (RVO). These papers have been useful in the beginning to start to understand 
how the adoption of a new technology takes place. Then this knowledge has been expanded by searching for 
papers using SCOPUS and Google Scolar. Used search terms include biomass boiler, biomass, adoption, 
environmental, energy, technique and wood pellets. These search terms have been used in different 
combinations to find all necessary papers. A more extensive explanation can be found in Appendix Q. 
 

A5.1. Diffusion of innovations theory 
Innovation can be described on the highest level by using the diffusion theory of Rogers [8].  This theory focusses 
on four aspects, the innovation itself, the communication between (potential) adopters, the time and the context 
in which the innovation is placed. Using these four aspects, the adoption and diffusion of any innovation can be 
described. However, this theory is very general and thus other theories are needed for this specific research. A 
more complete explanation of the theory can be found in Appendix O. This theory has also been expanded by 
Egmond, Jonkers and Kok [12] in their article explaining how the diffusion of energy related innovations can be 
increased into the mainstream of housing associations. They have used the theory specifically on a subject very 
much alike the one researched here. Their main focus is on the chasm as described by Moore [13] which needs 
to be crossed for an innovation to be successful. Moore uses the theory of Rogers about innovators and early 
adopters, which start an innovation to describe how after enough people start to use the innovation it gains a 
critical mass. After this chasm has been crossed, the innovation starts to become mainstream and the diffusion 
will grow exponentially.  
According to Egmond, Jonkers and Kok [12], to reach the mainstream adopters the most pragmatic actors need 
to be persuaded. These are niche segment of the early majority. This is something which can also be taken into 
consideration in the model produced in this research. 
 

A5.2. Technological innovation system 
Hekkert [10] describes how a technological innovation system works from the early start of someone with an 
idea till the moment the innovation has gained the critical mass in which it starts to grow exponentially. His 
model describes seven function that influence the development of the innovation, which all influence each other. 
For our case of biomass boilers, the earliest phases of creating the technology are not interesting, but how the 
technology grows is very interesting. An explanation of the theory can be found in Appendix P. The use of of TIS 
frameworks has the potential to address many different issues [14]. Currently at least four major areas of 
development can be identified, which can all be used in this research.  
 

A5.3. Government regulations influencing innovations 
The government has a large influence on the adoption of biomass boilers in the Netherlands, due to the fact they 
need to reach their emission goals. The government obviously influences the market on both a macro and a 
micro level, but to what extend the government really affects the adoption rate is not known. Therefore the 
influence of the government on the adoption of other sustainable techniques is being reviewed. This should give 
an insight in the possible factors affecting the adoption of biomass boilers by comparing the situations.  Most 
obvious influences are of course the subsidies and regulations, but it is not yet known to what extend they 
influence the adoption. Blesl, Kober, Bruchof and Kuder [15] have written an article about the effects of energy 
policies and political targets on the European energy system in 2020. This research states the energy usage in 
the EU-27 is far more influenced by policy than available technology. Furthermore if the 2020 goals are to be 
achieved, all available technologies should be used according to Blesl et al. This means biomass is also needed, 
which is in favour of our research. 
Ericsson et al. [16] have researched government policies influence on the development of the bioenergy market 
in Sweden and Finland. Currently these countries have succeeded to make biomass an integrated part of modern 
energy systems. Particularly in Sweden, the long-standing policy commitments to biomass have facilitated this 
change from fossil fuel to biomass. In Sweden even a carbon tax has been used to make fossil fuel less attractive 
for users. They conclude with the statement that although all measures taken in these both countries might not 



33 - 61 Nick Oude Vrielink (2016) Appendix 
 

be applicable in all European countries, it has shown how policies can be effective in situations when there are 
actors that have the ability to respond constructively. 
Hallmann and Amacher [17] state, not only the policy of governments is important. If the policy is not known, 
potential users will not be able to benefit from the advantages. Also the transaction costs are a factor that cannot 
be ignored. Others have also researched the influence of policy instruments on Environmental Techniques and 
Measures, for example Renewable Heating [18]. This research also investigates the impact of policy instruments 
on the development of renewable heating technologies. The variables found in this research are possibly useful 
in the search for variables influencing the adoption of biomass boilers in the Netherlands.  
According to Ragossnig [19], the use of biomass is most efficient when used as a heat source and biomass is a 
scarce resource competing with food production for land use. Governments therefore need to make wise 
decisions, and political support for this sector should be increased. Mainly the high investment costs are an 
important barrier, which can be solved by incentives made by the government.  
 

A5.4. Other studies about the adoption of environmental techniques / measures 
There are some comparable studies available, for example the study of Vasseur & Kemp [20]. The study of 
Vasseur & Kemp is about the adoption of PV panels in the Netherlands, which is also a sustainable technique to 
improve a building. By comparing the adoption of PV panels, it might be possible to determine shared influencing 
factors, which can be used to work out the research of biomass boilers. These other studies will be used to check 
if the found influencing factors in this study can also be explained by comparable sustainable techniques and 
measures. 
Another comparable study is the one done by Arkesteijn & Oerlemans [21]. They’ve researched the adoption of 
green electricity in the Netherlands amongst consumers. They used empirical methods to determine which 
variables are important in changing towards green energy. This research therefore has a lot of similarities with 
the research about the adoption of biomass boilers in the Netherlands. The main difference is the fact that they 
focussed on consumers, where this research focusses on companies, however the variables found in their model 
could be applied in the case of the biomass boilers. This of course needs validation. 
Balcombe, Rigby and Azapagic [22] have researched the motivations and barriers associated with adopting 
microgeneration energy technologies in the United Kingdom. This is again an environmental technique of which 
is determined how the adoption can be adjusted. Some other studies have been done to determine how to 
overcome barriers for bioenergy [7]. There are different barriers, which all require different strategies to 
overcome them.  For example the economic conditions can be altered by investment grants or policy measures, 
while know-how and institutional capacity can be overcome by pilot projects or local initiatives. These possible 
strategies will be taken into consideration when de definitive model is made. 
According to Vasseur & Kemp, the category Complexity is not a reason to adopt if it is low, but it is a reason not 
to adopt even though the relative advantage is positive if the complexity is high. Arkesteijn & Oerlemans [21] 
also state that the complementation of economic variables with variables derived from the cognitive sciences is 
a fruitful strategy. However, all four papers used state that economic variables are most important when making 
the adoption decision. Therefore the (perceived) financial benefits should be the most important factor in making 
the adoption decision model, with the other factors such as complexity and environmental responsibility 
complementing the model. The environmental responsibility is mentioned in multiple papers, but is never the 
main driver for adoption environmental friendly techniques. Therefore it is possible this factor can be neglected. 
This has to be found out during the research.  
According to the research done by Vermeulen and Hovens [9, p. 2733] “subsidies are the strongest explanation 
for the differences in the economic assessment of the ‘young’ innovations”. The use of biomass boilers in the 
Netherlands is also relatively new, therefore this could also be a factor in this research. Furthermore the model 
which explains the adoption of energy innovations changes if the innovations matures, therefore in the article a 
two-level strategy is advised. The strongest causal relations found by Vermeulen and Hovens are the local 
policies, requests by partners, perception of benefits, use of subsidies, and characteristics of the technology. 
These factors will be taken into account in this research. 
All results of the different comparable studies can be used to find variables, which could also be applicable in the 
research of the adoption of biomass boilers in the Netherlands. Most studies are about comparable techniques, 
which also are environmentally friendly but require an initial investment.  Because these studies are comparable, 
a lot can be learned from them. 
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A5.5. International reports about the adoption of biomass boilers 
The RVO currently is involved in a European initiative called Biomass4Business. This initiative looks into the 
implementation of more biomass in Europe as an energy source. Therefore they have a lot of useful information, 
which could be used to improve this research.  
There are several reports available in which the different countries involved in Biomass4Business are discussed. 
Not only influencing variables but also promising markets for the adoption of biomass boilers are identified in 
those reports. The variables will be used for the initial identification of relevant factors influencing the adoption 
decision, as mentioned before. The factors can be found in Appendix C and Appendix D 
 

A5.6. Initial adoption model 
The adoption model has been made, using different influencing factors found in the literature, as can be read in 
Chapter A5.4. These factors have been translated to the case of biomass boiler adoption in the Netherlands.  
Firstly it is necessary to know how a decision of adopting a biomass boiler is made. A decision like this is made 
by using the knowledge that is available to the principal and weighing all advantages and disadvantages of the 
decision. However, not all knowledge is known and not all knowledge is actually correct because the perception 
of the principal can differ from the actual facts. This is very important in the decision making process of 
entrepreneurs [23]. Therefore the adoption decision is made based on the limited knowledge available. The 
model uses these three types of knowledge to categorise the different variables found in the papers mentioned 
in this chapter. Of course these three categories influence each other, which needs to be taken into consideration 
during the quantification of the different variables. 
Of the three categories, the first are the actual measurable factors. These can be measured by looking into the 
data and actually calculating everything. The second category is the perception of these numbers. Not always is 
everything calculated, which means an estimation is made. This perception might give an incorrect view of the 
actual variables. The last category consists of the variables that are not known. Even though these variables are 
unknown they can be important, which means the principle has to take a risk or do more research to get more 
information. 
The most important variables found in the literature mentioned in this chapter have been divided amongst these 
three categories. The first category has then also been divided into financial, technical and other variables. This 
is because most adoption decisions are made based on finances and technical specifications. Therefore these 
categories are the most important within the measurable variables. 
This results in the initial adoption-decision-model as seen in Figure 6. This is still the initial model, which will be 
expanded and improved during the empirical research. Then the different variables will also be quantified and 
be given a weighing factor, until the final model is finished.  

 
Figure 6- Initial adoption decision model 

Because not much case studies (probably between 20 and 30) will be held due to time limitations, it is not 
possible to determine the influence for each sub-factor but only for the main factors. Therefore only the three 
main factors will be quantified in the model, and the measurable main factors will be quantified during the 
empirical research. 
These factors can be sub-divided in other factors. The research will focus on these influencing factors, while 
during the research possibly some will be added or removed. With all this information a model will be created 
such as the one proposed by Dieperink, Brand and Vermeulen [24]. They have created an integrated analytical 
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framework for all energy-saving innovations, which can be used and adapted to our situation. They propose a 
model in which a few different categories of aspects are used to determine how an innovation is diffused in the 
Netherlands. Such a framework is also made by Tsoutsos and Stamboulis [25], in which other aspects are used 
to explain how sustainable innovations are diffusing but also a model is created. This model not only explains all 
variables, but also the dynamics between them. This is also something which will be used in this research, 
because if a change is needed, a static model is not enough to explain everything.  
Some influencing factors have a higher influence than others. For all the ones found in the literature, their 
influence is categorised ranging from low, medium to high (0). During the empirical research, the focus should 
lay on the ones with the high influence. However, the ones with a lower influence for comparable techniques 
and situations can be of a high influence in the case of the adoption of biomass boilers. Therefore they should 
also be taken into consideration.  
The model can be used to determine a market potential for the adoption of biomass boilers, if the different 
variables for different markets sectors are known. The model should be able to give an estimation for companies 
if it profitable for them to adopt a biomass boiler and if they are likely to commence adoption if they are aware 
of the possibilities. 
The next steps are to perform the empirical research and the synthesis of both, which should lead to the 
definitive model. This model can later be used to estimate a market potential for the adoption of biomass boilers 
and how to improve this potential.  
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Appendix B - Published article in VV+ 
During the initial research, the first findings were used to publish an article into a technical magazine. This was 
to widen the knowledge about biomass boilers and to gain more potential interviewees due to that widened 
knowledge. A copy of the article can be found below. The article is in Dutch, because it is written for a Dutch 
audience. The article has appeared in VV+, an technical magazine for the installation sector. 
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Appendix C - Influencing factors found in the literature 
Several influencing factors, which affect the adoption decision have been found in literature. These 
variables are all from comparable studies, but the actual research has to decide whether they are also 
applicable in the adoption decision of a biomass boiler. All relevant variables and the articles they are 
found in are shown in the table below (Table 4). Also the amount of articles endorsing a certain variable 
is given. 
 
Table 4 – Adoption decision affecting variables 

Variable Influence 
level 

Source Endors
ement
s 

Subsidy procedure is clear and reliable High [19]–[22] 4 
Availability of information for the principal / 
awareness 

High [19]–[21], [23]–
[25] 

6 

Technical knowledge of the principal High [19], [21], [26] 3 
Investment costs / Payback period High [19]–[21], [27] 4 
Environmental benefits Little [19], [28], [29] 3 
Perception of price High [20], [23], [30] 3 
Confidence in the product High [23], [31], [32] 3 
Ease of adoption / compatibility with alternatives High [20], [23], [27], 

[30], [32]–[36] 
9 

Willingness to pay High [23], [26] 2 
Know-how / experience in the sector High [21], [37], [38] 3 
Sound energy policies High [32], [37], [39], 

[40] 
4 

Availability of fuel (wood chips / pellets) Medium [29], [34], [37] 3 
Competition for resources (subsidy / wood) / Price 
stability 

Medium [29], [35]–[37], 
[41] 

5 

Perceived viability High [20], [21], [25], 
[28], [32], [35]–
[37], [42] 

9 

Non-technical barriers (such as learning) High [37] 1 
Handling of the (bulky) Fuel Medium [43] 1 
Energy Performance coefficient / rules on maximum 
emissions 

Medium [22], [41], [44] 3 

Social acceptance / Observability High [26], [31], [35], 
[41], [45], [46] 

6 

Political framework High [47]–[49] 3 
Pragmatism / being an early adopter High [50] 1 

 

As seen in the table, the availability of information, the ease of adoption and compatibility with existing 

systems and the perceived viability of such a project and last but not least, the social acceptance and 

observability are the most endorsed factors influencing the adoption of RET’s. Also the price stability 

and competition for fuel (affecting this stability) is a factor which is often mentioned in the different 

articles. Therefore, it is assumed these are also the most important and therefore these factors have 

especially been taken into consideration during the initial interviews.   
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Appendix D - Influencing factors found internationally 
In the reports provided by the RVO and created by Bioenergy4Business [16], the different factors that 
influence the adoption of biomass boilers are divided into the categories Financial, Technical, 
Organizational and Risk support. All given risks have been summarized and categorized in Table 5.  
 

Table 5 – Internationally influencing factors for the adoption of biomass boilers 
Category Factor Found in which country Times 

mentioned 

Financial Subsidies / tax concession / 
feed-in tariff 

Austria, Bulgaria, Croatia, Poland, 
Romania, Ukraine 

6 

Cost of gas/oil/etc. Croatia, Romania, Slovakia 3 
Investment costs (payback 
period) 

Austria, Croatia, Germany, Romania, 
Slovakia 

5 

Purchasing power Poland 1 
Technical Biomass availability (at 

competitive price) 
Bulgaria, Finland, Greece, Poland, 
Romania, Ukraine  

6 

Availability of gas network Austria 1 
Storage Croatia 1 

Organizational Social acceptance / 
Awareness 

Austria, Bulgaria, Germany, Greece, 
Poland, Romania, Slovakia 

7 

Missing Knowledge (about 
operating) 

Austria, Finland, Germany, Greece 4 

Building codes Croatia 1 
Entrepreneurs services and 
marketing, Contracting 
solutions 

Finland, Slovakia 2 

Risk support Political commitment Austria, Bulgaria 2 
Bank loans Austria, Ukraine 2 
Clear and stable legislation 
(for example emission 
requirements) 

Finland, Romania, Germany, Poland, 
Slovakia, Ukraine 

6 

 

As seen in the table, not all countries agree with what influences the adoption of biomass boilers the 
most. Not all countries give the same answers. However, some factors are mentioned more often than 
others. The ones most mentioned are likely to also have an influence in the Netherlands. 
Furthermore, the ones most mentioned are also mentioned in the literature as seen in Appendix C -. 
This can be seen in Table 6. 
 

Table 6 – Combination International important factors and literature studies 
Category Factor Endorsements by 

Bioenergy4Business 
Endorsements 
in literature 

Financial Subsidies / tax concession / feed-in tariff 6 4 
Cost of gas/oil/etc. 3 9 
Investment costs (payback period) 5 4 

Technical Biomass availability (at competitive price) 6 5 
Organizational Social acceptance / Awareness 7 6 
 Missing Knowledge (about operating) 4 6 
Risk support Clear and stable legislation (for example 

emission requirements) 
6 3 

 
All factors mentioned more than twice in the bioenergy4business study, are also mentioned multiple 

times in the literature study. Therefore, it is very likely these factors are the most important ones. This 

has to be verified by an empirical research. 



45 - 61 Nick Oude Vrielink (2016) Appendix 
 

Appendix E - Promising markets internationally 
The reports of Biomass4Business [16] also give promising markets for the adoption of biomass boilers for the 
different countries. These different markets have been identified, categorized and summarized in Table 7. The 
number of occurrences is very important; this means more countries think the sector is important. 
 
Table 7 – Promising markets internationally for adoption of biomass boilers 

Category Factor Found in which country Number of 
occurrences 

Public buildings In-house Austria, Poland, Slovakia 3 
Hospitals, schools and 
nursing homes 

Bulgaria, Croatia, Germany, Romania, 
Slovakia, Ukraine 

6 

Swimming pools Germany 1 
Vacation villages Germany 1 

Commercial buildings Hotels Austria, Bulgaria, Greece, Romania 4 
Shopping centres Romania 1 

Industry Food-processing Austria, Croatia, Finland 3 
Wood-processing 
factories 

Bulgaria, Germany, Greece 3 

Metal industry Finland 1 
Agriculture and 
forestry 

Austria, Bulgaria, Croatia, Greece, 
Slovakia, Ukraine, Ukraine 

7 

District Heating - Croatia, Poland, Romania, Slovakia, 
Ukraine 

5 

 
As seen in the table, the most mentioned and thus most promising markets for the adoption of biomass boilers 
are Agriculture and forestry, Hospitals/Schools/Nursing homes and District heating. Also some countries mention 
hotels, but this is mostly in areas where no gas network exists. 
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Appendix F - First round interview questions 
During the initial interview round the following topics were discussed. These topics come from the 

literature study, in which all these topics were found. They have been structured a bit, so the interview 

is also more structured.  

 

Measurable aspects 

a) Technical aspects 

i) User comfort 

ii) Ease of adoption 

iii) Impact on company processes 

b) Financial aspects 

i) Investment cost 

ii) Long term cost 

iii) Willingness to pay 

iv) Impact on company finances 

v) Financial position of the company 

c) Other aspects 

i) Environmental benefits 

ii) Availability of fuel (wood) 

iii) Cost of fuel (wood) 

iv) Availability of other technologies 

 

Perceived aspects: 

d) Perceived influences on the adopting decision 

i) Confidence in the product 

ii) Social acceptance 

iii) Awareness 

e) Lack of knowledge of biomass boilers 

i) Subsidy procedure unclear 

ii) Technical knowledge 

iii) Clear and stable legislation 
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Appendix G - Second round interview questions 
These questions were used during the second round of interviews. For all questions also an explanation was 
asked, which is used for an in depth analysis, while the numbers between 1 and 5 were used for quantification 
of the different variables. These questions were chosen because they encompass the most important aspects of 
the three factors chosen after the first interview round. Because the interviews are held in Dutch, the questions 
are also in Dutch. 
 

Project specifieke informatie 

1. Op welke locatie staat de ketel? 
2. Hoe groot is de ketel (vermogen)? 
3. Waarvoor is de ketel bedoelt? 
4. Is degene die de adoptie-beslissing heeft gemaakt ook degene die hem beheerd? 
5. Zijn er nog andere bijzondere project specifieke aspecten die interessant zijn? 

 

Algemene aspecten 
6. Was u al bekend met hout ketels voordat u er zelf een hebt aangeschaft? Zo nee, hoe heeft u er voor 

het eerst van gehoord? 

7. Wat was voor u de belangrijkste reden om over te stappen op een hout gestookte ketel? 

8. Indien er enige twijfel was, wat was hier de belangrijkste reden voor? 

9. Was er genoeg informatie beschikbaar om een goede afweging te maken voor het wel of niet 

aanschaffen van een houtketel? 

Van totaal niet tot zeer belangrijk (getal tussen 1 en 5): 
10. In hoeverre heeft het gebruiksgemak meegespeeld in de beslissing om wel of niet een houtketel aan 

te schaffen? 

Van totaal niet tot zeer belangrijk (getal tussen 1 en 5): 
11. In hoeverre heeft het meegespeeld dat de ketel ‘past’ binnen de vorige installatie? 

Van totaal niet tot zeer belangrijk (getal tussen 1 en 5): 
 

Milieu aspecten 

12. Hoe belangrijks is het om een duurzame energievoorziening te hebben binnen uw bedrijf? 

Van niet tot zeer belangrijk (getal tussen 1 en 5): 
13. Hoe vergelijkt u biomassa ten opzichte van andere duurzame energietechnieken? 

Van totaal niet duurzaam tot zeer duurzaam (getal tussen 1 en 5): 
14. Heeft u of uw bedrijf veel affiniteit met duurzame technieken? 

Van totaal niet tot zeer veel (getal tussen 1 en 5): 
15. Is het belangrijk dat de installatie zichtbaar is voor anderen, zoals uw klanten/buurt/branchegenoten? 

Van totaal niet tot zeer belangrijk (getal tussen 1 en 5): 
16. Is het belangrijk dat de brandstof lokaal gewonnen wordt? 

Van totaal niet tot zeer belangrijk (getal tussen 1 en 5): 
 

Financiële aspecten 
17. Hoe belangrijk is het dat de terugverdientijd kort is voor een investering? 

Van niet tot zeer belangrijk (getal tussen 1 en 5): 
18. Is het een barrière om een grote investering te doen, waarvan de subsidie pas later uitbetaald wordt? 

Van zeer moeilijk tot geen probleem (getal tussen 1 en 5): 
 

Economische aspecten 

19. Hoe belangrijk is het dat de subsidie de investering grotendeels dekt, dan wel zorgt voor een korte 

terugverdientijd? 

Van niet tot zeer belangrijk (getal tussen 1 en 5): 
20. Is de subsidie-procedure duidelijk en simpel genoeg en is deze ook betrouwbaar genoeg in verband 

met het wel of niet toegewezen krijgen van de subsidie?  

Van niet tot zeer duidelijk (getal tussen 1 en 5): 
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Appendix H - Biomass boilers as renewable technique 
Biomass can be used to create a more sustainable energy production in the European Union. The following text 

is found on the website of the European Commission [51]: 

Biomass is derived from organic material such as trees, plants, and agricultural and urban waste. It can be used 

for heating, electricity generation, and transport fuels. Increasing the use of biomass in the EU can help diversify 

Europe's energy supply, create growth and jobs, and lower greenhouse gas emissions. In 2012, biomass and waste 

accounted for about two-thirds of all renewable energy consumption in the EU.  

This means it is viewed as a sustainable source of energy, however only if certain criteria are met. For example, 

the EU forbids the use of biomass from land converted from forest, and other high carbon stock areas, as well as 

highly biodiverse areas. Also biofuels should emit at least 35% less greenhouse gases over their lifecycle when 

compared to fossil fuels. These and other criteria need to be monitored to ensure the sustainability of the 

biomass.  

On the internet, several stories about deforestation of North American forests for use in European power plants 

can be found. However, these woods were to be deforested due to other reasons, for example deceases in the 

trees. Even if forests are harvested solely for the purpose of producing energy, the payback time for the carbon 

is between 18 and 38 years [52]. Therefore, within 38 years the production of energy will be carbon neutral. 

Deforestation however creates a lot of carbon by releasing not only the carbon stored in the trees, but also the 

carbon stored in the soil. A lot of bio-material is stored in the soil, which disappears when the forest disappears. 

Therefore, the European Union only allows sustainably harvested material for use in power plants and other 

energy techniques.  
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Appendix I - First round interview Stakeholders 
Different stakeholders are involved in the adoption of a biomass installation, the ones relevant for this research 
can be found in the table below (Table 8): 
 
Table 8 – Adoption of biomass boilers stakeholders 

Stakeholder Description 

Buyer / Owner This is the person who actually pays for the installation and is the owner of the 
building in which the installation is placed. This is not necessarily the person who 
makes the decision to adopt a biomass boiler. 

Principal The Principal is the one who makes the decision to adopt a biomass installation. He 
might be an employee or otherwise authorized person which is not necessarily the 
owner. 

Supplier / Installer This is the company who installs and supplies the installation. Most of the time, the 
installation is imported and thus not build by this company. 

Architect / Engineer The person who decides how the building will look in the future or has decided how 
the installation needs to fit in the existing plans.  

Advisors This could be a consultant who advices about the usage of biomass boilers instead of 
other types of installations. Another advisor is the RVO, which is the executive 
organisation for the Ministry of Economic Affairs. They give entrepreneurs advice. 

Users The people who benefit from the installation and have to make sure the biomass 
boiler works properly. The users’ opinion is therefore influenced by user comfort. 

Government All rules and regulations, as well as subsidies come from the government. This means 
they have a lot of influence in the adoption decision, however they are not actively 
involved in individual adoption projects. The main drivers to influence the adoption 
decision for the government are environmental agreements 
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Appendix J - Rules and regulations in the Netherlands 
• Once every two years a biomass boiler (up to 150MW) needs to be inspected for safety, optimal 

combustion and energy efficiency. Boilers between 20-100 kW need inspection once every 4 years. 

• At the commissioning, the emissions need to be measured. 

• The emission is measured when the installation is running, so during the start-up the emission can be 
higher. 

 
Table 9 - Emission norms in the Netherlands [53] 

Maximum emissions 
biomass boilers 

NOx (mg / m3) SO2 (mg / m3) PM (mg / m3) 

< 400 kW 300 200 40 

400 kW - 1 MW 300 200 40 

1 MW < 5 MW 275 200 20 

> 5 MW 145 200 5 

 
The energy tax in the Netherlands is as follows [54]: 

Consumption Rate in 2015 
in eurocents 

Raise in 
eurocents 

Raise in 
percentage 

Rate in 2016 including 
inflation correction 

Natural gas     

0 – 170.000 m3 19.11 0.858 4.49 20.064 

170.000 – 1.000.000 m3  6.77 0.150 2.21 6.954 

1.000.000 – 10 mln. m3 2.47 0.055 2.21 2.537 

> 10 mln. m3 1.18 0.026 2.21 1.212 

     

Natural gas in greenhouses     

0 – 170.000 m3 3.069 0.138 4.49 3.222 

170.000 – 1.000.000 m3  2.278 0.050 2.21 2.339 

1.000.000 – 10 mln. m3 2.47 0.055 2.21 2.537 

> 10 mln. m3 1.18 0.026 2.21 1.212 

     

Electricity     

0 – 10.000 kWh 11.96 0.000 0.00 12.020 

10.000 – 50.000 kWh 4.69 0.283 6.04 4.996 

50.000 – 10 mln. kWh 1.25 0.075 6.04 1.331 

> 10 mln. kWh non-business 0.10 0.006 6.04 0.107 

> 10 mln. kWh business 0.05 0.003 6.04 0.053 
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Appendix K - Support measures for Biomass Boilers in the Netherlands  
Subsidies are a form of positive regulation. by financially aiding the use of biomass boilers. There are 
different subsidies available for biomass boilers, due to the fact they are more environmentally friendly 
then fossil fuels. This is why the government supports the implementation of more biomass boilers. 

ISDE 
Currently the ISDE regulation (Investeringssubsidie Duurzame Energy) subsidizes the adoption of 
biomass boilers by giving a minimum of €2500, - for small biomass boilers if the installation complies 
with certain norms and standard regarding for example a maximum emission norm. This subsidy can 
get higher for larger installations [55]. This subsidy is a onetime investment subsidy for installations 
smaller than 500kWh. The subsidy amount ranges from €2500, - up to €53.100, - (€110, - per kWh with 
a minimum of €2500,- for a ≤40kWh boiler).   

SDE+ 
Another subsidy available is the SDE+ regulation (Stimulering duurzame energie), which is a total 
amount of about €12 billion for 2017. This will be divided amongst projects who register for a certain 
round. The first round gives the least money, but because the full sum is still available the highest 
chance of being accepted. The fourth and last round gives the highest compensation per kWh, but also 
the highest chance of rejection [10]. The amount of money to be paid by the government to the 
adopter is set at a fixed rate, but can differ if the gas prices change. If the gas prices drop, the SDE+ 
subsidy is also increased by using an correction rate. The SDE+ subsidy is a yearly recurring subsidy, 
and requires a minimum amount of full load hours that the installation runs. Then, combining the 
output of the installation in kWh and the full load hours, the total output is calculated and multiplied 
by the correction price. This results in the total subsidy, which changes every year, because of the 
different correction prices. In 2016 the provisional correction prices are set at €0.026 for installations 
between 0.5 and 5 MWe and €0.031 for installations larger than 5 MWe [56].  

E.I.A. 
The last subsidy is the EIA (Energie Investerings Aftrek) which is actually a tax reduction for companies 
that invest in sustainable techniques. They can get a maximum of 58% tax reduction for adoption a 
biomass boiler. This tax reduction lowers the initial investment costs [57]. This subsidy cannot be 
combined with the SDE+ regulation anymore. Therefore, this subsidy is not very attractive anymore, 
because the SDE+ regulation spreads over multiple years and is therefore more profitable. 
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Appendix L - Wood chips/Pellets as renewable energy source in Europe 
The Netherlands had a 5.2% share of renewable energy in 2014, but this has to increase a lot to achieve 
the goals set in the 20/20/20 agreement. The different shares of different European countries can be 
seen in the figure below (Table 10) [58]: 
 
Table 10 - Share of renewable energy sources in heating and cooling 

 
 
As seen in Table 10 [59], the Netherlands is behind most other European countries. This has to 

change within the next three years, and biomass boilers could help achieve these goals. 
The government should not only take the costs of going green into consideration, but also the 

external costs of not going green [37]. If these are also taken into consideration, the green alternatives 
such as biomass boilers become a lot more attractive than for example fossil fuel and nuclear power. 
Other positive impacts such as promoting regional development and creating energy security are 
neglected in most calculations [37].  

Currently a lot of wood for renewable energy is being produced in Europe and the Netherlands. 
This is not only good for the environment, but also for the local economy. The wood is being produced 
locally in well-maintained forests. Enough space is available for producing even more wood. Therefore, 
using wood as a fuel source has a lot of potential, even in the densely populated Netherlands. [60] 
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Appendix M - Biomass boilers in the Netherlands 
A biomass boiler is a system which is used to heat buildings. Some systems are also able to heat water for example 
in a swimming pool. The system can be adjusted to the wishes of the client. A biomass boiler works in a very 
similar way as a natural gas boiler does. It uses fuel to heat water, which is pumped throughout the building, 
where it emits the heat into the building using radiators. The only difference is the type of fuel used.  
In Figure 6 a setup for a small system can be seen. The steps used in the system for heating the building / water 
are as follows: 
 
Wood chips or pellets are brought to 
the location. 

1. Wood chips are stored in the 

building, after which they are 

transported automatically to 

the boiler. 

2. The boiler uses the wood to 

heat water. Only ash remains 

(maximum 1% of the total start 

weight) 

3. The heat is transported to a 

buffer, which reduces 

emissions and increases 

efficiency.  

In the Netherlands, mainly wood chips 
are used for biomass boilers, but also 
wood pellets are an option or other 
types of biomass, but this is less 
common. It is very important what 
quality of wood chips is used and where 
these chips come from. If the correct 
quality chips is used with the correct 
settings on the biomass boiler, almost 
no harmful gasses and dust will come 
free but if bad quality chips with a lot of 
moisture or bark and stuff is used, then 
the emissions will be much higher. This 
can also be seen at the chimney, which 
will emit a lot of smoke instead of nearly 
no smoke. In the Netherlands mostly 
larger installations are used by 
companies, such as carpenters or 
swimming pools. An example of a larger 
system can be found in Figure 7. In the 
figure, the storage, the transportation belt and the installation itself can be seen. Also the chimney that emits 
the gasses can be seen. An installation such as this one can be built within an existing building, or a new building 
can be made around the installation. 
A list of the members of the NBKL and their brands can be found in Table 11. This covers most of the systems 
which are currently in use in the Netherlands. Only a few other companies exist, but they make larger systems 
starting from 10MW. The companies mentioned here supply systems ranging from 100kW up to 10MW. This is 
also the range the research focusses on. Most of their boilers are produced in Austria, Italy and Germany and 
imported and installed by the members in Dutch companies. 
  

Figure 7 –A pellet boiler system (Greenmatch, 2015) 

Figure 8 - Large wood chip boiler (UGB, 2015) 
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Table 11 – Members of the NBKL [26] 

Member Website Brands 

 

Aitec BV http://www.aitec.nl/ Veto, Tatano, 
Hapero en Atmos. 

 

Atechpro http://atechpro.nl/ KWB, 

biomassasystemen. 

 

Bijvoet Energie http://www.bijvoetenergie.nl/ Ecopower, ÖkoFEN 

 

Bio Energie op 
maat BV 

http://www.bioenergieopmaat.nl/ HDG en Endress 

 

BIO Verwarming http://www.bio-verwarming.nl/ NBE en HDG 
 

 

Colar http://www.calor.nl/ Gilles, Lindner & 

Sommerauer en Nestro 

 

Estufa BV http://www.estufa.nl/ Hargassner en 

Mawera 

 

F&H Crone BV http://www.fhcrone.eu F&H Crone 

 

Heat Plus BV http://www.heatplus.nl/ Herz 

 

Tubro http://www.tubro.nl/ Kolusan, 
Binder, Kohlbach en 

FireFox. 

 

Wes Wood Drying 
& Energy Systems 

http://www.weswood.nl/ Vyncke, KÖB Brucks-
Klöckner 

 
The source of the wood chips / pellets is very important. For a sustainable biomass chain it is important that the 
source of these wood chips is also sustainable. This means they should come from waste wood which has no 
other use or from well-maintained forests. 
Amongst the earliest adopters of biomass boilers are wood processing companies. This is because disposing of 
waste wood costs money and using it to heat your own production buildings is free. This also reduces the energy 
bills, but in the Netherlands gas is still very cheap. Therefore investing in a biomass boiler is still not profitable 
without subsidy. 
Currently large users of energy such as swimming pools and large care homes or apartments also slowly start to 
adopt biomass boilers for heating their buildings and water. Because of the large energy consumption, the high 
investment costs can be regained in situations where a lot of heat is needed. 
A biomass boiler systems only works if it can run continuously most of the time, because it cannot be switched 
on or off at the flick of a switch like a gas installation. It takes some time to heat up and only then the optimum 
burning will be reached. Therefore it is needed to install a heat buffer, which is drained if the heat demand of 
the user is high and which will be filled if the heat demand is low. In a lot of cases, a gas installation will also be 
present to cope with the peak heat demands. This gas installation can be retained if a biomass boiler is installed 
in an already functioning building, or a small gas installation can be installed next to the biomass boiler in new 
buildings. Because the investment costs of a small gas installation are not very high, this is not financially 
unattractive, however the fixed fee for owning a gas connection must be paid for, although it is sparsely used. 
The Dutch government have set themselves some goals to reduce emissions in the future and has made 
agreements with other European countries about emissions. For example the 20-20-20 goals. These goals have 
to be achieved by the Netherlands in 2020 and include an emission reduction of 20% CO2 compared to 1990. In 
the Netherlands there has also been a lawsuit of an environmental organisation called “Urgenta” which lead to 
the statement that the Dutch government should reduce the CO2 emissions by at least 25% compared to the 
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1990 situation [27]. This is supported by scientific research done by the IPCC. The use of biomass boilers could 
help achieve these goals because the use of biomass is carbon neutral.  
Another energy agreement signed by the Dutch government is the SER agreement [28]. This agreement includes 
for example the ambition to use renewable energy for at least one million households and SME companies, which 
amounts to a total of 40PJ in 2020. Biomass boilers could be a large portion of this 40PJ, mainly within the SME 
companies. 
If a biomass boiler needs to be sustainable, it is important that the used fuel is also sustainably won. This means 
that the wood chips need to be won from sustainably maintained woods or from waste wood, which would 
otherwise be discarded in an unsustainable way such dumping or by burning without regaining the energy. This 
is very important, because it is stated that biomass boilers are environmental friendly compared to other 
installations. This will be researched by determining the origin of the used wood. This can be done by looking for 
sustainable labels such as the FSC label [29]. If waste wood is used, it is also important it is not treated with 
harmful chemicals. 
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Appendix N - Rules and regulations 
Several rules and regulations for biomass boilers can be found in the ‘activiteitenbesluit’. This regulates safety, 
emissions and inspection. 

• Once every two years a biomass boiler (up to 150MW) needs to be inspected for safety, optimal 
combustion and energy efficiency. Boilers with less than 400kWh do not need inspection, but are 
regulated by an approved list of devices used for the ISDE regulation. 

• At the commissioning, the emissions need to be measured. 

• The emission is measured when the installation is running, so during the start-up the emission can be 
higher. 

• A biomass boiler room with a boiler larger than 130kW needs to be fireproof. 
 
Table 12 - Emission norms in the Netherlands [53] 

Maximum emissions 
biomass boilers 

NOx (mg / m3) SO2 (mg / m3) PM (mg / m3) 

< 400 kW 300 200 40 

400 kW - 1 MW 300 200 40 

1 MW < 5 MW 275 200 20 

> 5 MW 145 200 5 

 
Another government regulation influencing the adoption of biomass boilers is the energy tax. The higher the tax 

is on for example natural gas, the more attractive a biomass boiler gets. Therefore for the biomass boiler business 

it would be good if the tax on fossil energy gets higher. The energy tax in the Netherlands is as follows [54]: 

Consumption Rate in 2015 
in eurocents 

Raise in 
eurocents 

Raise in 
percentage 

Rate in 2016 including 
inflation correction 

Natural gas     

0 – 170.000 m3 19,11 0,858 4,49 20,064 

170.000 – 1.000.000 m3  6,77 0,150 2,21 6,954 

1.000.000 – 10 mln. m3 2,47 0,055 2,21 2,537 

> 10 mln. m3 1,18 0,026 2,21 1,212 

     

Natural gas in greenhouses     

0 – 170.000 m3 3,069 0,138 4,49 3,222 

170.000 – 1.000.000 m3  2,278 0,050 2,21 2,339 

1.000.000 – 10 mln. m3 2,47 0,055 2,21 2,537 

> 10 mln. m3 1,18 0,026 2,21 1,212 

     

Electricity     

0 – 10.000 kWh 11,96 0,000 0,00 12,020 

10.000 – 50.000 kWh 4,69 0,283 6,04 4,996 

50.000 – 10 mln. kWh 1,25 0,075 6,04 1,331 

> 10 mln. kWh non-business 0,10 0,006 6,04 0,107 

> 10 mln. kWh business 0,05 0,003 6,04 0,053 

 

Biomass boilers are not (yet) included in the EPC regulations, however an equivalence statement may 

be obtained. If this is done, a boiler which fall under the activities Decree can be calculated with a 

factor zero, other boilers with a factor 0,5. This means it is a lot better than a gas boiler [61] and [62]. 

This is beneficial because the required EPC gets lower and lower, until all buildings in the Netherlands 

have an environmental footprint of zero.  This regulation is thought to get more important in the 

coming years, when the EPC needs to be lowered even further for construction projects. 
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Appendix O - Diffusion of innovation theory of Rogers 
Adoption of innovations is described by Rogers [8]. He defines diffusion and communication as follows: “Diffusion 
is the process by which an innovation is communicated through certain channels over time among the members 
of a social system. It is a special type of communication, in that the messages are concerned with new ideas. 
Communication is a process in which participants create and share information with one another in order to reach 
a mutual understanding.” [8] The use of biomass boilers in the Netherlands is currently ‘diffusing’ and the 
benefits are being communicated towards increasingly more people. This is exactly as described by Rogers. 
Innovation is described by the following quote: “An innovation is an idea, practice, or object that is perceived as 
new by an individual or other unit of adoption. It matters little, so far as human behaviour is concerned, whether 
or not an idea is "objectively" new as measured by the lapse of time since its first use or discovery.” [8] This 
definition of innovation means that, although biomass boilers are not new in the Netherlands, they can be 
considered an innovation because for most Dutch people they are measured as new. In the diffusion theory, 
there are four main elements: which describe the adoption of an innovation. These are discussed in the next 
section. 

The innovation 
The innovation describes characteristics of the innovation itself. Several perceived attributes of innovation are 
used to determine the success of an innovation. These attributes are [8] (page 213): 

1. Relative advantage – the degree to which an innovation is perceived as being better than the idea it 

supersedes  

2. Compatibility - the degree to which an innovation is perceived as consistent with the existing values, 

past experiences and needs of potential adopters 

3. Complexity - the degree to which an innovation is perceived as relatively difficult to understand and use 

4. Trialability - the degree to which an innovation can be experimented with on a limited basis 

5. Observability - the degree to which the results of an innovation are visible to others 

These attributes can already be discussed for biomass boilers. 

The communication channels 
If participants create and share information with one another, they reach mutual understanding. The 
communication channel is the means by which messages are transferred. This information can influence and 
change attitudes towards the innovation, thus influencing the adoption decision. Near-peer evaluation is very 
important in the decision process. 

Time 
Time influences the adoption decision in several 
ways, first in the mental process through which an 
individual passes from first knowledge of an 
innovation to making the decision to adopt or 
reject the innovation. This mental process can be 
described as a five step process with the following 
steps: Knowledge, Persuasion, Decision, 
Implementation and Confirmation. 
The second way is the adoption lifecycle phase the 
innovation is in. This is described in Figure 8. As 
time passes, the lifecycle phase also changes. As 
time passes, the steepness of the curve changes, 
thus the adoption rate changes. 
The last way in which time is involved in diffusion 
in the rate of adoption is the relative speed with 
which the members of a system adopt the 
innovation. 
These factors can be used to determine the current state of adoption of biomass boilers in the Netherlands, and 
thus they can also be used to determine the potential growth of adoption.  

The social system (context) 
The last element in the diffusion theory is the context in which an innovation is placed. If an innovation is placed 
in an organisation or group, the social system influenced the boundary in which the innovation diffuses. Also the 

Figure 9 – Adoption model of Rogers (2003)  
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norms which are established within the sub-system affect behaviour patterns. Lastly, the opinion leadership is 
important. This is the degree to which an individual is able to influence informally other individuals’ attitudes 
towards the innovation.  
These four elements discussed will be used to determine different aspects of the biomass boiler adoption within 
the Netherlands, ranging from the current adoption levels to potential adoption levels in the future. 

Deciding to adopt or not 
Rogers describes three different actions in his decision model: accepting the adoption, active rejection and 
passive rejection [8] Page 173. The passive rejection is a group of potential adopters who are not aware of the 
innovation and thus do not adopt the new technology. Active rejecters make a decision based on their perception 
of the product, and do not adopt the innovation. It is important to cover all three types of potential adopters in 
the research to get the best view of how to improve the adoption rate. 
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Appendix P - Technological Innovation System 
The theory of Hekkert [10] describes different changes that are necessary to make technological innovations 
sustainable. Not only the technology, but also social dimensions such as user practices, regulation and industrial 
networks are inevitable. Another important aspect is the dynamics of an innovation system. Furthermore, the 
central idea behind the innovation system approach is that innovation and diffusion of technology is both an 
individual and collective act. Therefore the micro and macro level are both important. 
The technological innovation system uses a systemic approach, which means every aspect both technological 
and social, within the context will be used to determine the system characteristics. Nowadays a technological 
innovation has not a single location from which it originated, but it is often the product of different progresses 
made in different countries. The diffusion of an innovation is then influenced by national factors. The theory of 
Hekkert tries to use a systemic approach to explain how this works. Because a technology specific innovation 
usually has a smaller network and less relevant institutions and actors than a Network specific innovation, it is 
possible to create a dynamic analysis. In our case of the biomass boilers, it is indeed a smaller network with less 
institutions and actors.  
For a systems analysis, it is important to manage all interfaces between subsystem borders and to know how the 
system as a whole is organised. In order to develop well, a new technology has to become part of that system, 
part of an incumbent regime or even overthrow that regime. This has happened in Germany in the biofuel 
industry, where the government subsidised the production of biofuel and the market started an active lobby to 
promote biodiesel. In 2003, more than 1300 commercial gas stations sold biofuel. This could also happen with 
our situation of biomass boiler systems. Once the new technology ‘gets a foothold’ in the market, it might get 
the momentum to grow and expand. 
The whole innovation system can be described by using different functions. The paper of Hekkert uses the 
following seven functions and their interactions with each other to explain the system: 

• Entrepreneurial activity: How actively entrepreneurs are and how risky their experiments are is very 

decisive for the innovation.  

• Knowledge development: Without new knowledge, there are no developments in innovation 

• Knowledge diffusion through networks: With more knowledge diffusion, more parties can work on the 

technology 

• Guidance of the search: If the search for innovation is guided properly, the use of resources is more 

efficient. This can be done for example by setting national goals, which leads to development to reach 

those goals. 

• Market formation: New technology is not always fully compatible with embedded technologies. 

Therefore the initial advantages can be small.  

• Resources mobilization: Resources, both financial and human capital, are necessary as a basic input to 

all activities within the innovation system. How these resources are used and allocated is therefore very 

important. 

• Creation of legitimacy / counteract resistance to change: In some cases, parties form coalitions to put a 

new technology on the agenda. They can counteract resistance against the change. 

All these functions influence each other, and influencing one is likely to influence others as well. Therefore, the 
model is non-linear with multiple interactions between functions. There are many interactions possible, but most 
innovations have only three starting functions. These starting functions then pull the other functions, initiating a 
virtuous cycle. For the case of the biomass boilers, mainly the lobby for market formation, together with 
entrepreneurial activity are probably most important. To create a virtuous cycle, first a certain threshold of 
fulfilment needs to be reached.   
The virtuous cycle model does explain how different functions interact, but to describe how an innovation has 
emerged and evolved, one can better use the process approach or sequence analysis. This approach 
conceptualizes the development and change by describing the sequences of events. These events explain the 
outcome of the model. Therefore, this not only describes the influence of a function, but also the underlying 
mechanisms that determine the technological change. 
This method can be applied by mapping all events and linking them to the seven functions described earlier. 
Once these events are all known, they can be plotted on a timescale, thus showing the evolving of the technology 
in time. If patterns are be found in the figures, this can be used for a cross case analysis, to determine if these 
patterns are general or case specific. Using the insights gained from these analyses, the step towards policy 
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recommendations can be made. For some projects, the threshold of continuous growth, or critical mass, is never 
reached, while others start to grow exponentially once the threshold is reached. Therefore it is important to 
determine how this threshold can be reached. 
During the analysis of the different functions, one outcome may be that one or more of the functions are not 
relevant for the specific case. Also, some functions can negatively relate to the functioning of an innovation 
system. This all together forms a ‘story line’, which can be used to describe the role of different functions within 
the development. 
The model that results from this method is a model based on social factors, which cannot be fully reliable. But 
by comparing the model with the empirical evidence, it should be able to approach different functions and their 
influence of the system. This insight can all be used to determine future policy and to determine how to stimulate 
and influence the technological change. 
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Appendix Q - Research techniques 
In this appendix the different search techniques and results will be explained. 

Search engines 
The following search engines are used for the literature study: 

• Scopus 

• Sciencedirect 

• Google Scolar 

• UT library 

• Google 

• CBS statline 

The first four were used for the scientific part, while google and CBS statline were used to find some 
facts and numbers which were needed. The search started with search words like biomass boiler, 
adoption, diffusion, innovation, wood, fuel. Then, after the first few papers were found, they were 
used to find even more papers by using their references and papers referring to that paper. For every 
paper it is decided whether it is relevant or not by deciding whether or not it is about a renewable 
energy technique, an innovation in that field, or about biomass boilers itself. Also some other papers 
were found, looking for different scientific techniques, such as interviewing techniques or how to use 
a model in predictions. 

The research started off as a literature study, focussing on different articles already written. A lot of 

articles about renewable energy techniques and adoption theories can be found, however non about 

biomass boilers in the Netherlands. Therefore this research is innovative and can contribute 

scientifically.  

Once the literature study was done, the empirical part of the research was the most important part. 

This was to make sure everything found in the literature could be proven empirically. This has resulted 

in a synthesis of both the literary and empirical results.  

The model created in this research is mainly to gain an insight in how the adoption decision of a 

biomass boiler is made. However, the RVO and NBKL wanted to see some kind of prediction. This 

meant the model is also used to estimate an diffusion potential for biomass boilers. This is done by 

using the different statistical data provided by the RVO and inserting that in the model. If the adoption 

decision of a company could be positive according to the model, that company is a potential adopter. 

Therefore the total potential could be calculated. 

 


