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Summary 
 
The sustainability ambition for the European built environment increases the demand for 100% 
energy-efficient homes. As a result, the construction sector in Europe will face an enormous renovation 
task in the coming decades. Demolition of valuable real estate is hardly an option. On top of this, there 
is a demand for energy-efficient new construction to fill the large shortage of affordable housing. 
 

The Drive 0 consortium wants to make the energy transition feasible and, above all, affordable for 
everyone, in combination with healthy, comfortable, and very energy efficient houses. The goal is to 
(re)develop all relevant building components required for highly energy efficient new construction and 
renovation and to produce them on an industrial scale and, where possible, circularly. In the context 
of Drive 0, Factory Zero works to achieve this goal in collaboration with the rest of the consortium.  
 
As a starting point, Factory Zero develops and produces the iCEM (integrated Climate and Energy 
Module). The energy module makes very energy efficient houses possible. The core of the iCEM is a 
compact, completely integrated energy module that provides the house with a conditioned indoor 
climate. The iCEM includes all the devices required for an all-electric home in The Netherlands: Air to 
water heat pump, hot water vessel, ventilation with heat recovery, smart energy management and 
optional solar inverter.  
 
Factory Zero was founded in 2017 with a steady increase in the number of iCEMs produced. From 215 
in 2018, 500 in 2019 and 1000 in 2020. This turbulent introduction of the iCEM into the market led to 
the installation of 2000 prototypes facing various technical complications. Therefore, in 2021, it was 
decided to evaluate the iCEM, fix the malfunctions of the installed prototypes in the field and 
subsequently improve the iCEM version 1.0. The 2021 evaluation effectuated a learning cycle to 
substantially improve the maturity of the iCEM, leading to the development of iCEM 1.0. At the same 
time the evaluation and development of the iCEM 1.0 set the window of innovation for the 
development of a modular, miniaturized, and circular iCEM 2.0 in the context of Drive 0 project. 
 
A first generation of prefab installation platforms (so called house engines) have been developed and 
applied in H2020 MORE-CONNECT, H2020 RENNOVATES and in the Dutch Energiesprong program 
(iCEM 1.0).  This task aims for a further development with emphasis on modularity, miniaturization 
and circularity (version 2.0). Modularity of the prefab building services platforms was to be developed 
along three different lines:  
a. Modularity in place   
The most optimal place for an engine depends to a large extent on the design and morphology of the 
dwelling or building. Engines can also be developed as central or as decentral units.  
- Central: As a compact complete unit which can be placed to a façade, on the roof, in the attic or 
basement   
- Decentral: it can be convenient to split an engine into (two) parts, for example a heat pump and 
storage in a small prefab cellar and a part integrated in the façade (ducts or decentral MVHR units).  
b. Modularity in medium of heat transfer: water, air, all-electric, hybrid  
- Air: An advantage of air as medium is that it can be combined with ventilation and that (with a heat 
pump) can be also used for cooling. In NZE and passive house renovation concepts the necessary air 
volumes for ventilation are large enough for heating. Can be combined with façade elements with 
embedded ducts.  
- Water:  An advantage of water as medium is that it is very versatile and can be combined with 
different kind of emission systems such as radiators, convectors, floor and wall heating. Also, a 
combination with decentral (local) MVHR units is an interesting option for renovation.  
- All-electric: All-electric emission systems can be interesting in combination with (sufficient) PV, in  
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combination with a high grade of thermal insulation, minimizing ventilation losses (airtight building 
and MVHR) and (eventually) internal thermal compartmentation   
c. Modularity in phased composition of the platform (engine) in time  
Modularity of the composition and sizing of engines, phased in time, is one of the most important 
features of modular engines. The functionalities of this modularity are:  
- To start with (cheaper) basic options that can be upgraded if more budget is available, for example 
heat pump and air recovery in the base, energy management, inverter end user interface as an option.  
- To change the engines to the needs of households, e.g. with an expanding family adding more 
capacity for DHW and storage and vice versa.   
- To add new technologies when available (e.g. new compact storage options).  
This way of modularity offers so called no-regret options, both to individual owners as for housing 
companies. Another development to make in DRIVE 0 was the miniaturization of the prefab installation 
platforms. Existing installation platforms/engines are composed by adding ‘traditional’ components, 
in most of the cases, including the original casings. This way of combining components make the 
engines too big (3500 – 5000 dm3) and too heavy (500 – 600 kg). Because the available space in existing 
dwellings is always limited it is necessary to miniaturize and re-design the components. Also, some 
functions were to be combined (fans, pumps). A further miniaturization and re-design were aimed to 
limit both sizes as weight to at least 65%. Finally, the feasibility of circularity/re-use of parts or 
materials from building services was investigated. 
 
One important lesson learned from version 1.0 is weather and climate related and showed that quick 
innovation is not always positive. The development process for the iCEM 2.0 has been changed and 
more elaborate testing is involved. In the first 6 months of 2022 the short-term developments are 
implemented in production. In the second half the focus will be more on long-term developments. One 
of the most important developments is the miniaturized iCEM. The iCEM 1.0 is often too big for 
retrofitted terraced houses. The iCEM 2.0 must be smaller, preferably < 1 m², to be suitable for most 
Dutch terraced houses. In the future the focus will be even more on the modularity to make the iCEM 
also suitable for other European countries.  
 
The barriers for circularity, especially looking at a European scale and not just the Netherlands, are the 
difference in demands and the difference in legislation. Something that might help are certifications 
that are the same for all European countries. When certification is the same, demands can still be 
different, but the implementation of solutions from a specific country might be easier to adopt in other 
European countries.  
 
In addition, the research done during the project shows that the iCEM-e cannot be modular in place, 
since the iCEM is specifically designed to be outside. However, the iCEM-i is modular and becomes 
more modular with the implementation of the short-term developments in 2022. The modularity in 
the iCEM-i will be tested in October 2022, where the water side and the ventilation side of the iCEM 
will be split and placed in different sections of a house.  
 
Finally, the iCEM-e will be tested in the Dutch demonstrator in the renovation of four houses (planned 
for 2022 and impact of this installment is to be reported within Work Package 6). During the 
demonstrator activities, more data will be gathered on understanding real potential for miniaturizing, 
modularity and circularity of the iCEM-e.  
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1. Introduction 
 

1.1. Energy efficiency policies and the application of Integrated Sustainable Energy 
Modules 

The sustainability ambition for the European built environment increases the demand for 100% 
energy-efficient homes. As a result, the construction sector all over Europe will face an enormous 
renovation task in the coming decades. Demolition of valuable real estate is hardly an option. On top 
of this, there is the demand for energy-efficient new construction to fill the large shortage of affordable 
housing. 
  
Until 2050, there is a great need for homes that meet the basic principles of a modern quality of life 
and are 100% energy neutral. Something that contemporary building practice cannot achieve with its 
traditional approach. Factory Zero as partner in Drive 0 project and Task 2.5 leader believes - and finds 
like-minded partners - that the need for higher quality and better performance at a lower price can be 
met by an innovation-driven industrial building practice. 
 
The Drive 0 consortium wants to make the energy transition feasible and, above all, affordable for 
everyone, in combination with healthy, comfortable, and very energy efficient houses. The goal is to 
(re)develop all relevant building components required for highly energy efficient new construction and 
renovation and to produce them on an industrial scale and, where possible, circularly. Where 
necessary, Factory Zero develops this in collaboration with innovative partners from various industries. 
To meet this need, Factory Zero develops and produces the iCEM (integrated Climate and Energy 
Module). The energy module makes very energy efficient houses possible.  
 
Factory Zero’s focus is currently on the Dutch market. Therefore, the iCEM is especially developed for 
Dutch housing. The main challenge is shown in Figure 1. In the Netherlands it is common to install all 
devices separately. As a result, the house needs a lot of space for the ventilation unit, heat pump, 
water vessel and solar inverter. Also, for every device a different installer comes along to do the 
commissioning and maintenance which means quite a lot of impact for the homeowner. Since the 
summer 2018, there is policy in the Netherlands to make new constructed houses all-electric with no 
connection to the gas network. This means the challenge has grown the past years where now the 
focus is not only on retrofits but also on new construction. 
 
 

 
Figure 1: Configuration of basic home installations in the Netherlands 
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Also, the European Parliament has multiple programs (Environment Action Programmes, EAPs) 
concerning the environment and well-being of all. These programs help with legislation and European 
policies focused on the environment. Currently, the 8th EAP is active and will run from 2021 to 2030 
(Kurrer, 2021).  
 
The current program builds on the objectives from the European Green Deal and has six objectives 
with priority. An important objective in the European Green Deal is a sustainable product policy to 
make products fit for a climate-neutral, resource-efficient, and circular economy (Amanatidis, 2021). 
Factory Zero’s iCEM is a good starting point for the objectives in the European Green Deal. But as 
mentioned, the iCEM is a good fit for the Dutch market and will need research and development to be 
a solution for the European market too.  
 
As Factory Zero likes to say, part of the challenge is to bring Playmobile to a building site instead of 
Lego. The configuration shown in Figure 1, can be considered Lego. Separate components are shipped 
to the building site and assembled on location. An integrated module, or an iCEM, the components are 
assembled in a factory and the finished product “Playmobile” is installed on site. Factory Zero calls this 
process “Playmobilisation”.  
 

 

Figure 2: Lego vs Playmobile "Playmobilisation" 
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1.2. The iCEM (integrated Climate and Energy Module) 
The iCEM is Factory Zero’s solution to the challenge shown in Figure 1. The core of the iCEM is a 
compact, completely integrated energy module that provides the house with a conditioned indoor 
climate. The iCEM includes all the devices required for an all-electric home in the Netherlands:  
 
- Air to water heat pump 
- Hot water vessel (150 or 200 liters) 
- Solar inverter (optional) 
- Ventilation with heat recovery 
- Smart Energy Management  

o Energy meters 
o Gateway with software for monitoring and controlling all connected devices. 

 
All devices are combined into a skid which is completely integrated into the construction or renovation 
of the house. Factory Zero now has four different iCEMs which can be used for either newly 
constructed or retrofitted houses. Integrated Sustainable Energy Modules like the iCEM can be 
considered as key parts of Zero Energy Renovation Kits, defined as integrated solutions, that include 
the envelope, the technical building systems and elements, the appliances, and the energy production 
systems that allow the delivery of a net zero energy consumption building  (Saheb, 2016). Zero Energy 
Renovation Kits have been introduced to step up the pace of building renovation to achieve European 
Union (EU) climate change policies for 2050, i.e. industrial building and modularity and related 
technological innovations are at the core of boosting the renovation wave (Renz & Solas, 2016) (Saheb, 
2016). In Figure 3 the four variations of the iCEM are shown. 
 
 
 

 

 

 

Figure 3: The four different iCEMs Factory Zero developed until now 

 
Dutch dwellings use hydronic heating systems and mechanical air ventilation systems. Because of that, 
the iCEMs are equipped with an air-to-water heat pump for central heating and domestic hot water 
and a heat-recovery ventilation system. The iCEMs are all-electric and in most cases are accompanied 
by solar panels, for which the iCEM contains a solar inverter. 
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When combined with solar panels, Factory Zero can give a guarantee on the performance required for 
a zero-energy building. This makes it an attractive concept for renovation projects of housing 
corporations because they get subsidized for zero-energy retrofitting while providing a more 
comfortable home for their renters. This means a triple win situation. 
 
The iCEM-i was originally developed for new construction with an angled roof but is now also used for 
retrofitting. The iCEM-p has the same core as the iCEM-i but is developed for flat roof houses. The 
iCEM-e is placed outside and therefore especially suitable for retrofitting because it does not matter 
what the building construction is like. The iCEM-f is developed to be behind the façade and is therefore 
also suitable for high rise buildings.  
 
All four iCEMs showed in Fout! Geen bladwijzernaam opgegeven. can be considered version 1.0. For 
now, Factory Zero focuses on the Dutch market. When the system is successfully implemented widely 
across the Netherlands, the next step is to expand to other north-western European countries with a 
comparable climate to the Netherlands where the same system can be applied. For example, the 
United Kingdom, Germany, and Belgium. 
 
Because the challenges and opportunities are enormous, Factory Zero happily shares its knowledge 
and experiences so that other companies can follow their example and accelerate the energy transition 
in the whole of Europe. Drive 0 is a good way to facilitate this ambition and stimulate other parties to 
follow in Factory Zero’s footsteps within their own country. 
 
For extra support, research has been conducted and is ongoing into the differences between countries 
and climates. This will eventually lead to a good starting point for Factory Zero or another party that is 
happy to take up the challenge, of designing a new or adjusted iCEM for other parts of Europe. 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Project in the Netherlands with iCEM-i 
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1.3. The application of iCEM across Europe 
 
As mentioned in the introduction, the iCEM is specifically designed for Dutch housing. The participating 
countries in the Drive 0 consortium have different climates and different standards for the 
installations. Therefore, the iCEM as it is will not be suitable for retrofits in other countries than the 
Netherlands. 
 
To research what components are common in the participating countries and moreover to gain more 
understanding about the demand in the participating countries, several questionnaires were 
conducted. One of the objectives, explained in Chapter 2, is modularity in place. To develop the iCEM 
with more modularity it is necessary to understand the demand in the other participating countries.  
 
The research was done by sending two questionnaires to consortium partners. The first questionnaire 
was used to ask about social housing specifications, currently applied building services and potentially 
applicable building services. The second questionnaire was used to ask about modularity in place, types 
of connections used, national legislation and business opportunities. 
 
These questionnaires are a great starting point for gaining insight into the differences and overlap 
between countries. It helps to understand the European markets and the clusters of countries that can 
lead to specific target markets. The results of the questionnaire are available in Appendix A. For 
Slovenia there is no data available in questionnaire 1 and for Italy there is no data available in 
questionnaire 2. 
 
The detailed results of questionnaire 1 are added in Appendix A and the results of questionnaire 2 in 
Appendix B. 
 
Analysis of the answers to the questionnaire 1 show that there are a lot of differences in current 
situations in houses and potential situations during retrofitting between the countries participating in 
the questionnaire. A big difference is in the amount of energy needed for heating and cooling. 
Essentially this was to be expected, since the participating countries have different climates and 
therefore a difference in the demand for either heating or cooling. Another big difference is the energy 
transportation in the current situation. In Spain, Italy, and Greece it is most common through (forced) 
air and in the Netherlands, Estonia, and Slovenia through hydraulics.  
 
The differences mean that the iCEM should offer a lot of flexibility or modularity to be suitable in 
different climates and countries. On the other hand, there are some interesting similarities as well. 
Most countries prefer ventilation type D as potential ventilation and most countries prefer an air to 
water heat pump for domestic hot water, heating, and cooling. This would insinuate that the base of 
the iCEM could be the same for most countries because the same ventilation and heating system is 
preferred. Even though the current situation in energy transport showed differences, the potential 
situation for energy transport shows more similarities which again indicates that the basis of the iCEM 
could potentially be suitable for countries other than the Netherlands.  
 
Regardless of the potential situation showing similarities in the participating countries and indicating 
that the basis of the iCEM could be the same as it is for the Netherlands, does not mean that 
implementation will be easy. Since the current situation does show differences among countries, a lot 
of changes in for example the energy transport must be implemented in the houses before an iCEM, 
or another integrated module will be applicable. This must be taken into consideration when designing 
an integrated module suitable for multiple countries and climates.  
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Even though the first questionnaire showed some results indicating that a similar solution can be used 
for different countries, the second questionnaire showed differences among the different countries 
that are more difficult to address. The preferred location of the building’s services is different in most 
countries, which makes it challenging to have the same iCEM or integrated module for every country. 
Also, most countries have their own legislation. The difficulty is that the legislation in each country is 
very different and therefore further research needs to be conducted before the iCEM can be 
considered. Further research is needed to determine whether specific certifications are necessary for 
each country.  
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2. Objectives 
 

2.1. Innovation objective: Modularity of Integrated Sustainable Energy Modules 
 
This report presents the Task 2.5 results of the development of circular modular prefab building 
platforms annex Integrated Sustainable Energy Modules, aiming to further advance the level of 
modularity, miniaturization and circularity (version 2.0) of completely integrated sustainable energy 
modules, The main objective is defined as following: 
 

“The further development of Integrated Sustainable Energy Modules in 
order to improve the level of consumer centered customization and 
sustainability through modularization, miniaturization and circularity” 

 
To work towards a circular modular prefab building services platform, an emphasis was placed on 
modularity, miniaturization, and circularity which will be discussed in more detail in sections 2.2-4. 
 

 
Figure 5: Project with the iCEM-e in Zoetermeer the Netherlands 

2.2. Innovation strategy 1: Modularity 
Modularity was aimed to be developed along three lines:  
 
a. Modularity in place. 
Developed for the most optimal position depending on the design and morphology of the dwelling or 
building. This could be in a central complete unit or in a decentral split unit, where one part is placed, 
for example, in the cellar and the other part is placed on the roof. “Modularity in place” improves the 
level of customization of the modules, both for individual owners as well as for housing companies, 
offering a better fit with project specific demands and this subsequently improves the adoption 
potential. Factory Zero concluded the research as part of Drive 0 project to learn about this type of 
modularity but did not implement it in a design of market ready product yet. It was a design concept 
to study what can be made modular in future. The focus of the products is on having a central compact 
unit and this objective, for now, does not fit with the company’s strategy. However, this innovation 
will be on the roadmap for the future.  
 
b. Modularity in medium of heat transfer: water, air, all-electric, hybrid. 
Each medium has its advantages and disadvantages. The medium that is most suitable also depends 
on what is already being used in a building and on the climate. This type of modularity will be 
researched, but not implemented in the design. Since the product is currently only used in the 
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Netherlands, where one type of heat transfer is common in housing (water), the focus will not be on 
changing the medium of heat transfer.  
 
c. Modularity in phased composition of the platform in time. 
This type of modularity means being able to adjust the module to the changing needs of the users and 
changing technology over time. This can be a result of the user’s budget, their household size or newly 
available technologies. 
 
Whereas a. and b. have mainly to do with the country, climate and building and are therefore more or 
less “fixed” choices, c. is less “fixed” and depends more on smart design choices. As mentioned in the 
introduction, Factory Zero will try to learn about a. and b. through research, but it is not yet possible 
to design for this type of modularity. For now, the focus is on the development of the exterior unit and 
trying to implement type c. modularity, which is already very challenging and perhaps the most 
interesting. 
 

2.3. Innovation strategy 2: Miniaturization 
Existing installation platforms/engines are composed by adding ‘traditional’ components including the 
original casings. This way of combining components makes the engines too spacious (3500 – 5000 dm3) 
and too heavy (>500 – 600 kg). Because the available space in existing dwellings is always limited it 
was necessary to miniaturize and re-design the overall product system. Therefore, the iCEM 2.0 design 
was considered to make the whole product smaller. By decreasing the system size, it is possible to 
preserve valuable space. This not only increases the value of the house (a square meter of living space 
costs €2500 on average in the Netherlands), but also provides more usable space in sometimes small 
dwellings. 
 
The starting point for decreasing size is to get rid of unnecessary casings and integrate components. 
The risk of miniaturization and integrating components is that it can often get in the way of modularity. 
This is a typical trade-off situation in circular design challenges. 

 

2.4. Innovation strategy 3: Circularity 
Also, the level of circularity of the Integrated Sustainable Energy Modules will be improved. This means 
increasing longevity, investigating the feasibility of re-using materials and components (for example 
hot water storage tanks; heat pumps), investigating the options for materials made from renewable 
sources and otherwise optimizing the design for retrieval of materials for re-use or proper recycling. 
Lastly, designing the product in such a way that it is optimized for a future circular business model, 
means that everything should be as revertible as possible. 
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3. Innovation S-Curve: from iCEM version 1.0 to version 2.0 
 
Innovation scholars emphasize that most technological innovations are relatively immature at the time 
they are first offered to the market (Rosenberg, 1972; Halle & Kahn, 2003). Based on diffusion studies 
of many innovations following the Industrial Revolution, Rosenberg (1972) claims that many new 
developments are at first badly adapted to the applications to which they will eventually be put. 
Therefore, they may offer only incremental improvements or perhaps none at all over existing 
techniques. Thus, innovations first need to be adopted and implemented at a sufficient scale and 
within multiple contexts to learn about their true potential. Without this learning cycle it is impossible 
to develop or compare a new development with the previous developed product (Hall & Kahn, 2003).  
 
Factory Zero was founded in 2017 with a steady increase in the number of iCEMs produced. From 215 
in 2018, 500 in 2019 and 1000 in 2020. This turbulent introduction of the iCEM into the market led to 
the installation of 2000 prototypes facing various technical complications. Therefore, in 2021, it was 
decided to evaluate the iCEM, fix the malfunctions of the installed prototypes in the field and 
subsequently improve the iCEM version 1.0. The 2021 evaluation effectuated a learning cycle to 
substantially improve the maturity of the iCEM, leading to the development of iCEM 1.0. At the same 
time the evaluation and development of the iCEM 1.0 set the window of innovation for the 
development of a modular, miniaturized and circular iCEM 2.0 as depicted in Figure 5. During 2018-
2021 Factory Zero was still in the ‘growth stage’ and needed to learn about the potential of the iCEM. 
Currently, at the start of 2022 Factory Zero is in its first Innovation Window. Having learned about the 
iCEM 1.0 better and the growth process, Factory Zero was able to start developing an iCEM 2.0 within 
the Drive 0 project. In Chapter 5 the lessons learned from the 2021 evaluation are reported. 
 
 

 
Figure 6: S-curve product innovation (Mazouz, Alnaji, Jeljeli, & Al-Shdaifat, 2019) 
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4. Version 1.0 
 
Currently, Factory Zero has more than 2000 iCEMs in the Netherlands and a lot of lessons learned since 
installing the first iCEM. In this chapter the emphasis is on the iCEM-e and iCEM-i because these are 
the most commonly installed varieties and the most important lessons learned are about these two 
products. For both the iCEM-e and ICEM-I the key lessons learned are reported followed by planned 
short term developments and envisioned long-term developments leading to the iCEM version 2.0. 
The iCEM 1.0 was developed and installed before the Drive 0 project started. During the Drive 0 project 
the research, analysis and short-term developments are addressed. The developments for the iCEM 
2.0 have started during the Drive 0 project but will be implemented later in time. During the Drive-0 
project tests have been done towards the iCEM 2.0.  
 

4.1. iCEM-e 
In this section the lessons learned will be discussed which are especially relevant to the redesign of the 
iCEM-e. The most important lessons learned are related to weather situations. As the iCEM is placed 
outside of the house, it needs its own insulation. Although the iCEMs are insulated, during the coldest 
period of sub-zero temperatures, the insulation was not sufficient in all installed set-ups. There are 
cases where components froze and broke; there are cases where drains froze leading to overflowing 
water into electronics. 
 
Another issue that came with the cold weather was the amount of snow. This led to clogged drains 
and errors in the heat pump as it sucked too much snow inside of the iCEM. Even though a large 
amount of snow can lead to problems, the weather cannot of course be manipulated. The fan of the 
heat pump getting stuck due to snow is a problem that will be hard to prevent but can possibly be 
minimized with some minor design changes in the iCEM-e. Because the winters in the Netherlands are 
much softer and with less snowfall, the focus will be on the freezing of the pipes instead. Some of these 
issues are displayed in the images shown below.  
 
The most important issues that needed to be fixed were: 
 
- Freezing of the pipes inside the iCEM 
- Freezing the drain 
- Overflowing water into electronics 
- Freezing of the pipes between the iCEM and the house. 
 
 

 
Figure 7: Issues due to weather conditions 
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Certainly, not all development opportunities for the iCEM-e are weather related. The iCEM-e is 
positioned outside the house. Therefore, at least in the Netherlands, some foundation is necessary to 
prevent subsidence. In some field cases, the subsidence of the iCEM-e is an issue. For field cases, the 
“easy fix” is extra attention during maintenance visits. The iCEM-e can be adjusted at the bottom when 
subsidence occurs. Depending on the soil in other areas, other measures might have to be researched 
in order to prevent subsidence.  
 
The enclosure of the iCEM-e consists of sandwich panels built with 1mm polyester, 30mm PUR and 
1mm polyester. Firstly, the used materials do not have any fire class. In the Netherlands a fire class 
shows how fire-resistant materials are. The materials do not have a fire class at all, which shows that 
the enclosure cannot prevent or slow down the spread of fire. Besides not having a fire class, the used 
materials are not circular as reusing or recycling is not possible.  
 
Also, the connection of the panels can be researched to make the iCEM-e more modular. Currently, it 
is possible to change the panels when needed, but the connection is not designed in a way that makes 
disassembly easy. The modularity of the iCEM-e does not only need to be considered for the panels, 
but for all components in the module. For example, when changing the hot water vessel, all electrical 
components, and the piping in front of it, must be disassembled. In Figure 8 the components in front 
of the hot water vessel are shown. As the picture shows, not only separate components must be 
disassembled when changing the hot water vessel, but also parts of the frame must be disassembled. 
The hot water vessel is just one example of how the modularity of the iCEM can be improved.  
 
 

 
Figure 8: Hot water vessel 

4.1.1. Short-term developments 
The first step in redesigning the iCEM-e was developing a solution for the lessons learned described in 
the previous paragraph, referred to as “short term developments”. The short-term developments were 
quick and easy fixes for problems due to weather conditions. The short-term developments 
implemented immediately in the field are: 
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- Extra insulation on the pipes 
- A “thermal ribbon” in the drain underneath the heat pump 
- A “thermal ribbon” 
- A plastic strip on the inside of the door to guide water away from the electronics 
- Insulation between the iCEM and the house to prevent the connections from freezing 
 
The short-term developments were implemented in previously installed iCEMs. After the 
implementation no similar weather conditions occurred. Therefore, a true confirmation of the 
implemented changes still needs to take place. The implemented short-term developments are shown 
in Figure 9. 
 

 
Figure 9: Implementation of short-term developments in iCEM-e (left picture: Thermal ribbin - right picture: insulation on the 
pipes) 

4.1.2. Long-term developments 
An initial concept design was made for a new iCEM-e. In the concept multiple requirements deserve 
extra attention. Some of these requirements were learned testing the product in the real market, as 
explained in the previous paragraph, while others are based on changed legislation or new insights. 
The most important requirements are: 
 
- Subsidence should be prevented and checked/fixed during regular maintenance. 
- The access to components for the resident should be limited to the ventilation filters and the 

power switches. 
- Fire resistant and in case of fire should not spread or propagate 
- Separate high and low voltage circuits 
- Piping, drains and components should not freeze with sub-zero temperatures. 
- Implementation of a heat pump with refrigerant less harmful for the environment. 
- A design for the door with less risk of hanging skewed. 
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Besides the requirements, the redesign is focused on modularity, miniaturization and circularity as 
explained in Chapter 2.  
 

 
 
Figure 10: Current design (left), concept redesign (right) 

Main differences 
The most important difference is the location of the heat pump. In the old design, the heat pump was 
on top of the unit while in the new concept design, it has been placed on the ground. The advantage 
of doing so, is that the chance of sound discomfort experienced when the unit is placed next to a 
bedroom for example, is reduced to a minimum. 
 
The other difference is the use of a frame that consists of mostly the same parts as the frame used in 
the iCEM-i and iCEM-p. That means that the price can be reduced and that most of the same piping 
can be used. This makes it easier to replace components and to educate new employees as the 
different units look more alike. 
 
The concept redesign as shown in this paragraph is the first concept designed for Drive 0. The concept 
has been reviewed and still shows many challenges that must be addressed. The most important 
challenges are the doors, the enclosure of the iCEM and the frame around the outer part of the heat 
pump. Also, one of the objectives is miniaturization and the concept redesign is not smaller than the 
iCEM 1.0. In this first design, the new concept is lower in height but overall, not smaller in volume and 
therefore not miniaturized. An important reason for this is the implementation of R32 refrigerant. Heat 
pumps with less environmentally harmful refrigerant (!) are a lot bigger than the one previously used 
(R410a). However, there are some ideas to miniaturize it in the future. For example, not having an 
inverter in the iCEM, but putting this separately in the house or use micro inverters underneath the PV 
panels. 
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Figure 11: Current design (left), concept redesign (right) 

The heat pump used in the redesign is a heat pump with R32 refrigerant. The main difference 
compared to the current design is that a heat pump with R410A refrigerant was used. R410A is very 
harmful to the environment and in the case of leaks it is considered an environmental “crime”. R32 is 
a lot less harmful. To compare both refrigerants the GWP (Global Warming Potential) can be used. The 
GWP is developed to compare the impact on global warming of different gases, like refrigerant (EPA, 
2021). The GWP of R410A is 2.090 and the GWP of R32 is 675 (Widodo, Kiono, Winoto, & Utomo, 
2021). This means that R32 is more than 3 times less harmful than R410A. In the future, it is very likely 
that alternatives to R32 will be implemented because there are options available with an even lower 
GWP. 

 
Figure 12: Comparison GWP R410A and R32 (No2CO2, 2021) 

Lastly, an important difference is the way the iCEM-e is opened in the redesign. In the current design 
there is one big door that gives access to all the devices at once, with a high risk of having a skewed 
door after a while. In the redesign it is split into two doors.  

4.1.3. Meeting the Drive 0 objectives 

Modularity 
Modularity in place 
The modularity in place is considered by working towards a standardized core for all four products that 
Factory Zero currently offers. A standardized core for all four products means that the frame with all 
the components is the same for each iCEM. This means that it does not matter which iCEM is built, but 
the core remains the same. If the core is standardized, then only the covers and roof or façade 
components are different. Which means the iCEM is modular as a whole and can be placed 
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everywhere. In the coming years, Factory Zero will develop further on this concept and try to 
incorporate everything into a standardized core which can be used for each iCEM. In the future it is 
even thinkable to have just one iCEM which can be used in multiple house types, not just in the 
Netherlands but in other countries too.  
 
Also, research has been done to see if the iCEM can be used as a split unit as mentioned in the 
objectives in Chapter 2. Since the iCEM-e is a unit for outside, it is not possible to split. The only 
modularity in place is to put it either in front or at the back of the house. 
 
Modularity in medium of heat transfer: water, air, all-electric, hybrid 
For the development of the iCEM-e, the system will be built specifically for the Dutch market. That 
means that the development of modularity will be focused on the installations already used in the 
iCEM and not on a different installation or medium of heat transfer. However, to cover a part of the 
modularity in medium of heat transfer, questionnaires were conducted (paragraph 1.3.) to do research 
and gain knowledge about the demand in other countries. The research showed that in the 
Netherlands, Estonia and Slovenia the heat transfer is preferably done through water as in the current 
design.  
  
Modularity in phased composition of the platform in time 
One of the reasons for choosing a skid-setup was the modularity in phased composition in time. It has 
already happened multiple times over the last few years that components have been replaced by 
newer versions. This mainly happened with the heat recovery system, but Factory Zero is currently 
working on introducing an improved type of heat pump. This is inevitable due to changing legislation, 
but also because suppliers change their line-up of products. Therefore, it is highly important to keep 
this type of modularity in the system. 
 
Drive 0 research towards this type of modularity in the iCEM-e was studied but is not yet possible to 
be implemented on the market. The research showed that components can be exchanged when 
needed. Testing with changing the hot water vessel has been done but showed that this component 
can only become smaller or stay the same when changing. Therefore, more research should be done 
to reach a level of modularity where the components can be exchanged and grow or shrink over time 
with the homeowner.  

Miniaturization 
The goal is to work towards a smaller iCEM with better integration of parts and fewer wasted 
components, such as embodiments of components. However, in the concept design, the footprint of 
the concept has become larger, while the height has become lower. This was done to allow the usage 
of many of the same frame components that are used in the iCEM-i and iCEM-p modules. By 
standardizing the frame, there are fewer unique parts. This makes it easier to keep spares and replace 
components. 
 
Standardization was chosen over miniaturization in this case. While the footprint of the iCEM-e was 
enlarged in this new concept, the height was decreased. Currently it is researched to what extend the 
iCEM-e can be made smaller. The research consists of leaving out components that do not necessarily 
have to be in the iCEM-e, like the inverter. Also, a broader (European research) is done to find 
components with the same capacities, but different form factors to make the overall iCEM-e smaller.  

Circularity 
Fixations 
One of the design considerations related to circularity is that of fixations. For example, piping is 
currently being glued in some cases, which gives a very strong and watertight connection. However, 
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reusing glued parts is complicated. In practice, complete functioning components are thrown out and 
replaced by new parts only because they were glued. To prevent this, smarter connections are used in 
the new design. Where possible, clip-on connections will be used for water pipes in the new design. 
These are easy to install and take apart, which makes them much more sustainable. 
 
Insulation 
To prevent the piping, drain and components from freezing, the iCEM needs to be well insulated. To 
compare the circularity of insulation materials, there are many factors that must be considered. For 
instance, is the origin fossil-fuel or organic material? Can the material be reused, recycled, downcycled, 
composted or incinerated? What is the insulating quality of the material, or in other words how much 
of the material is needed? 
 
In the current iCEM-e, sandwich panels are used for the enclosure with Polyurethane Foam as the 
insulating material. Inside the iCEM-e, another sandwich panel containing XPS as the insulating 
material is used. 
Both sandwich constructions are not very sustainable, as the materials are glued together and cannot 
be separated. Changing these panels is one of the main goals for improving the circularity of the iCEM-
e. At this point, a lot of options have been examined but a decision on a new design has not been made 
as the research is still ongoing. 
 
Re-using components 
In a way the current design and the redesign are both circular looking at the process Factory Zero has 
to re-use components. For example, when a ventilation unit has a malfunction, only rarely is the entire 
ventilation unit replaced. In most cases only the component in the ventilation units causing the 
malfunction (a PCB or fan) is replaced. Often when a component is replaced, the old component is 
researched by either Factory Zero or the supplier. When the “old” component still functions as it 
should, it can be re-used after the first application. In some cases, it is already possible to refurbish the 
old component and then re-use it. 
 

4.1.4. Concept design iterations 
The design of the new concept led to a lot of discussion. For example: Should the heat pump really be 
close to the ground and is it not possible to use the exact same frame as used in the current iCEM-i 
and iCEM-p core? Another idea that came along is the standardization of the connection to the house 
itself. This could become a standardized “plug-and-play” solution, perhaps made into a standard by 
ISSO. 
 
Besides the criticism and ideas, the experiences from last winter will also be considered for the 
redesign. The whole concept needs rethinking to prevent making the same mistakes again. 
 
The research into circular design solutions is still ongoing and will lead to new insights. The focus is still 
on the quality of the product, as this is not yet where it needs to be to keep the customers happy. 
However, as the quality improves, it gives leeway to consider other design aspects, such as circularity. 
 
Also, the demand for the iCEM-e is currently low. Therefore, more iterations will not be designed soon, 
but will be on the roadmap for the future.  
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4.2. iCEM-i 
The iCEM-i is the energy module specifically designed for 
houses with an angled roof. More than half of the iCEMs 
currently in the field are an iCEM-i. The iCEM-i consists of two 
separate parts. The core and the roof part. The core consists of 
a frame with the ventilation unit, hot water vessel, energy 
meters, intelligence and if needed a PV inverter. The roof part 
consists of an air-water heat pump and a heat exchanger. 
Having the heat pump and the heat exchanger both in the roof 
part, makes it possible to do all the certified work during 
production. Therefore, on site no certified installers are 
necessary, and installation will be a lot quicker.  
 
Since the iCEM-i is the most installed iCEM, there are a lot of 
lessons learned and potential improvements to be made. In 
contrast to the lessons learned with the iCEM-e, most of the 
iCEM-i lessons learned are not weather related. The core of the 
iCEM-i is placed inside the house and is therefore far less 
sensitive to the weather. 

4.2.1. Lessons learned 
In this paragraph the lessons learned from the iCEM-i 1.0 are described. The analysis of the iCEM-i 1.0 
were done during the Drive 0 project.  

Refrigerant pipes 
The iCEM-i was initially designed with flexible refrigerant pipes. Flexible pipes are easy to implement 
on the roof, so for the initial design this seemed like a logical choice. Also, looking at the serviceability 
of the heat pump and the refrigerant pipes, flexible piping is easier to replace than copper pipes. 
Especially when integrated into the roof. During exploitation of the iCEM-i it turned out that flexible 
refrigerant pipes are very sensitive to malfunctions. Analysis showed that during the winter period the 
risk of malfunctions in these iCEMs was very high, especially with temperatures below 7 degrees 
Celsius. The malfunctions still need more testing to determine their exact origin, but for now the 
outcome is that copper pipes are more secure. For example, the iCEM-e has copper refrigerant pipes 
and the same malfunctions never occur in the iCEM-e.  
 

 
Figure 14: Issues flexible refrigerant pipes iCEM-i 

Figure 13: Model of iCEM-i 
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Serviceability iCEM-i 
The iCEM-i consists of several bigger components, 
ventilation unit, heat pump, hot water vessel, that 
need to be exchanged sometimes due to 
malfunctions. In the initial design of the iCEM-i  
serviceability was an important factor.  
 
After servicing iCEMs for five years, there are some 
steps to take. The biggest component, the hot water 
vessel, is not easy to exchange at all. In this 
paragraph the process of changing a hot water vessel 
is described. 
 
As shown in Figure 15, the hot water vessel is 
positioned in the back of the frame and has the 
motherboard of the heat pump, the energy meters, 
the gateway and potentially an inverter in front of it. 
Therefore, exchanging the hot water vessel, requires 
a lot of different steps and taking most components 
out of the iCEM.  
 
In the pictures below, an overview is given of the effort it takes to replace the hot water vessel. It is 
possible to replace it, but it takes a lot of time and materials to do so. Also, the risk of creating another 
defect is quite high.  
 

            
Figure 16: All components need to come out when replacing the hot water vessel (left), the iCEM can be put back together 
(right) 

           

Figure 15: Model iCEM-i 
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4.2.2. Short-term developments 
The short-term changes being implemented in the iCEM-i are to fix issues and minimize the risk of 
malfunctions. The short-term developments are split into two: the roof part and the core. All short-
term developments are implemented during Drive 0. 

Roof part 
The first changes will be implemented in the roof part of the 
iCEM-i. The main difference will be the switch from flexible 
refrigerant pipes to copper refrigerant pipes. The copper pipes 
will minimize the risk of refrigerant related defects. Also, in the 
design a new heat exchanger is implemented. The heat exchanger 
used in the previous design, was only usable for heating and had 
a limited heat pump capacity. The new heat exchanger can be 
used for heating and cooling and for all heat pump capacities 
Factory Zero uses. Therefore, only one product can be used in 
every project.  
 
Also, the water pipes are now prefab in this design. First the pipes 
were made during production by Factory Zero employees. Now 
they arrive prefab so production, but also service, will be faster.  
 
The changes to the roof part will be implemented starting week 
17 2022. Research needs to be done to determine to what extent 
some of the changes can be implemented in the existing iCEMs 
too. 

Core 
The developments implemented in the core, are focused on the easier replacement of components. 
As mentioned in the paragraph about serviceability, replacing components is quite difficult and time 
consuming. To address this issue, the frame has been redesigned. The part in front of the hot water 
vessel, with the motherboard, the energy meters and the gateway, is hinged in this design. This makes 
it easier to get to the hot water vessel, without taking the entire iCEM apart.  
 
Also, the design of the hot water pipes is different, making it a lot easier to service. As an addition the 
frame is now flexible too. This means that it is easier to change the height and gaining the opportunity 
to use different components than usual. This is a step forward also being able to replace components 
for installations more common outside of the Netherlands. Finally, the frame will also be more 
modular, since the water part (right) and the ventilation side (left) can be dissembled and installed in 
different places or only use one part. In October 2022 a test will be done to research the installation 
of the iCEM when it is split.  
 

Figure 17: Roof part with copper 
refrigerant pipes, new heat exchanger and 
prefab water pipes 
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Figure 18: First redesign core 

 

 
Figure 19: Final redesign core 

4.2.3. Long-term developments 
The long-term developments of the iCEM-i have just started. The main goal is to miniaturize the iCEM, 
making it more suitable for retrofitting. The current design is often too big for retrofit projects, because 
of the limited space in the attic.  
 
The design process started in week 10 of 2022, and some initial concepts are drawn. Below the 
concepts are shown. The main step in miniaturizing the iCEM-i is finding an alternative for the hot 
water vessel. Currently, PCM storage is being researched as an alternative. In the concepts shown 
below, a PCM battery is used with the equivalent of a hot water vessel with a capacity of 140 liters.  
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Figure 20: Concept 1 - PCM storage and window for service 

 
 
  

 
 
Figure 21: Concept 2 - separate core (like current iCEM-i) with PCM battery 

4.2.4. Next steps 
In 2022 all short-term developments will be implemented in iCEM 1.0. In a parallel process the 
miniaturization will be designed, considering Factory Zero’s vision to do more retrofit projects starting 
in 2023. The short-term developments being implemented in the first half of 2022 are the updates in 
the roof part as explained in paragraph 4.2.2. The most important implementation being the copper 
refrigerant pipes. In the second half of 2022 the updates on the core will be implemented as well. The 
focus in this design was miniaturization and serviceability. The frame the components are in, has 
become smaller and the electricity part is on a “door” to create easy access to the hot water vessel. 
The first pilot with the new core will start in December 2022.  
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Figure 22: Left - updates implemented first half of 2022, Right - updates implemented in pilot in December 2022 

In the second half of 2022 also the development of a new smaller iCEM will start. The concepts shown 
in the previous paragraph will be used as a starting point. The main goal will be to miniaturize the iCEM 
to make it more suitable for renovation. The concept is to build the iCEM as if they were Lego blocks. 
Having a Lego block for hot water, ventilation, electricity, etcetera. The advantage of this approach is 
that the blocks can be used as needed, for example all on top of each other or all next to each other. 
Also, it gives the opportunity to add components that are currently in the Netherlands more “nice to 
have”, like battery storage.  
 

 
Figure 23: Concept idea with modular blocks 

5. Development iterations through the years 
In the previous paragraphs the developments done for the iCEM-e are explained. Naturally, the 
developments were done in iterations and after testing and analyzing the iCEM-e in the field, smaller 
and bigger developments were made. In the overview below the iterations are shown over time 
including the relation to the Drive-0 project and integrating the objectives mentioned in the 
introduction (Miniaturization, modularity, and circularity). 

2016 – Factory Zero was founded  
In 2016, Factory Zero was founded and the development of the first iCEM-e started. The vision was to 
develop an energy module suitable for renovation. In 2016 the design for a first prototype was made. 
The first prototype was built in 2016 and tested at the house of one of the founders.  
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Figure 24: The first prototype of the iCEM-e 

2017 – First project with 6 prototypes 
In 2017 the first 2 projects with the iCEM-e were realized. One project with 4 modules and one with 2 
modules. The dimension of the prototype was 2600x980x1220 mm. In 2017 the development of a 
smaller iCEM-e started. The dimension of the smaller iCEM-e became 2440x770x1300 mm. 
 

    
Figure 25: Left - project with 4 prototypes Right - design smaller iCEM-e 

2018 – First project with smaller iCEM-e 
and start development iCEM-i 
In 2018 the first (big) project with the 
smaller iCEM-e was done. The scope of 
the project was 120 modules. In 2018 the 
legislation for new construction also 
changed. Starting summer 2018 it was no 
longer allowed to use gas in new houses. 
Since the iCEM-e was specifically 
designed for renovation, in a very short 
amount of time a module for new 
construction was developed, the iCEM-i. 
In the last two months of 2018, the first 
projects with the iCEM-i were realized. 
 
 
 

Figure 26: First project with smaller iCEM-e 
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Figure 27: First drawings iCEM-i 

 

 
Figure 28: Design first iCEM-i 

   
Figure 29: One of the first projects with the iCEM-i 
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2019 – Further development iCEM-i and analyzation installed base 
In 2019 the iCEM-I was redesigned. The design made in 2018 was too dependent the angle of the roof 
and the available space in the attic, especially in renovation projects. The focus of the redesign was 
splitting the core and the roof. This would make it possible to put the core not exactly underneath the 
roof, giving it more flexibility. At the end of 2019 the first project with the redesign was realized. 

      
Figure 30: Redesign iCEM-i (left - roof part, right - core) 

 
Figure 31: Roof part inside and out 

2020 – Research installed base and design for miniaturization iCEM-e 
In 2020 Factory Zero grew very fast and produced over 1000 modules. This was also the year that 
Factory Zero started with research for the iCEM-e and designing towards miniaturization. An extended 
report of the iCEM-e research is added in the appendix but was written in Dutch. The redesign of the 
iCEM-e, regarding, among other objectives, miniaturization, was a first step, but not sufficient since it 
is not smaller than the current design of the iCEM-e. In the next design, there should be more focus on 
the miniaturization. This design was made specifically for the Drive-0 project. 
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Figure 32: Redesign iCEM-e 

2021 – Analyzation iCEM  
2021 was all about the analyzation of the iCEM and important fixes for the installed base. In 2021 +/- 
2000 modules were online, and a lot of research was conducted. In 2021 the “installed base” project 
started. This project revolves around the modules installed in the past years and updating the iCEM. 
The updates and developments realized this year, are all explained in the previous paragraphs.  

2022 – Development iCEM-i and miniaturization 
After a lot of research in 2021, in the beginning of 2022 Factory Zero started development again. The 
focus was on short-term updates for the iCEM-i. The short-term updates were the implementation of 
copper refrigerant pipes, a nicer cover for the heat exchanger and a more plug and play electrical 
connection between the roof and the core. Later in 2022 a miniaturization of the core will also be 
realized. It will be lower in height and the frame will be easy adjustable for servicing.  
 
In the second half of 2022 the development of the smaller iCEM will start. The focus of this 
development will specifically be on renovation, because the space in the attic is often too small for the 
current design.  
 

 
Figure 33: Updated iCEM-i 
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Figure 34: Redesign core 
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6. Conclusion and recommendations  
 
The research and development of the past 1,5 years in Drive 0 project have taught Factory Zero a lot. 
The knowledge gained about the development of the iCEM 1.0 and 2.0 and the entire process is useful 
for Factory Zero and other development partners in the Drive 0 consortium.  
 
The biggest lesson learned, is that ‘sometimes you need to go slow to be fast’. Taking the time to 
research, analyze and optimize the iCEM 1.0 gave all the knowledge to fix issues in the installed base 
and start development of the iCEM 2.0. Starting production in 2022 all iCEMs will be built with the 
“short-term development” changes. This gives the opportunity to have more focus on new 
developments.  
 
The biggest challenge at this point, is not to linger too long in the optimization of the iCEM 1.0. In the 
end, the focus must be on the development of new products, like the iCEM 2.0 to make the energy 
transition affordable and suitable for everyone.  
 
The barriers for circularity, especially looking at a European scale and not just the Netherlands, are the 
difference in demands and the difference in legislation. Something that might help are certifications 
that are the same for all European countries. When certification is the same, demands can still be 
different, but the implementation of solutions from a specific country might be easier to adopt in other 
European countries.  
 
In addition, the research done during the project shows that the iCEM-e cannot be modular in place, 
since the iCEM is specifically designed to be outside. However, the iCEM-i is modular and becomes 
more modular with the implementation of the short-term developments in 2022. The modularity in 
the iCEM-i will be tested in October 2022, where the water side and the ventilation side of the iCEM 
will be split and placed in different sections of a house.  
 
Finally, the iCEM-e will be tested in the Dutch demonstrator in the renovation of four houses (planned 
for 2022 and impact of this installment is to be reported within Work Package 6). During the 
demonstrator activities, more data will be gathered on understanding real potential for miniaturizing, 
modularity and circularity of the iCEM-e.  
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Appendix A – Questionnaire 1 
 
Social housing 
 
   

Spain Italy Greece Estonia Netherlands Ireland 

Percentage of common 
dwelling types 

            

  appartment 92   60 69     

  terraced house 3   0 4     

  detached house 3   31,1 27     

  other 3   8,6         
            

Average size per dwelling             

  Average floor space in m² 86,5   94 52 90     
            

Needed heating energy             

  Energy per kW/m² 30,9   174,4 150       
            

Heating time per year             

  months 5   5 8   8   
            

Needed cooling energy             

  Energy per kW/m² 1,7   33,3 0   50   
            

Cooling time per year             

  months 4   5 0   3   
            

Domestic hot water usage             

  m³/dwelling per year 27,6   50 35     
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Ventilation 
 
The participants had to rate how common a ventilation system of type A – E is in their country, by 
rating 1 (uncommon type), 2 (used but not common) or 3 (most common). 
 

Current situation Spain Italy Greece Estonia Netherlands Ireland 

Ventilation types             

  Type A 3 3 3 3 2 3 

  Type B 2 2 2 2 2 3 

  Type C 1 2 2 1 1 1 

  Type D 2 2 1 2 2 1 

  Type E 1 1 1 1 1 1 

 
 

       

Potential situation Spain Italy Greece Estonia Netherlands Ireland 

Ventilation types             

  Type A 1 2 2 1 1 3 

  Type B 3 1 2 1 1 2 

  Type C 1 1 2 1 1 1 

  Type D 2 2 2 3 3 3 

  Type E 2 2 3 2 1 2 
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Energy generation 
 
 

Current situation E I GR EST NL IRL 
Natural gas heating 3 3 2 2 3 3 
Air to water heatpump system for heating 2 2 2 2 2 3 
Air to water heatpump system for DWH 2 2 1 1 2 3 
Air to water heatpump system for cooling 2 2 2 1 1 1 
Air to water heatpump system for heating and DHW 2 1 1 2 3 3 
Air to water heatpump system for heating, DHW and cooling 2 1 1 1 3 1 
Water to water heatpump system for heating 1 1 1 2 1 1 
Water to water heatpump system for DWH 1 1 1 1 1 1 
Water to water heatpump system for cooling 1 1 1 1 1 1 
Water to water heatpump system for heating and DHW 1 1 1 2 1 1 
Water to water heatpump system for heating, DHW and cooling 1 1 1 1 1 1 
Solar collector (water) for heating 1 1 1 1 2 2 
Solar collector (water) for DHW 2 1 2 1 1 3 
Solar collector (water) for cooling 1 1 1 1 1 1 
Solar collector (water) for heating and DHW 2 2 2 1 1 2 
Solar collector (water) for heating, DHW and cooling 1 1 1 1 1 1 
Solar energy (electric) for heating 1 1 1 1 1 1 
Solar energy (electric) for DHW 1 1 1 1 1 1 
Solar energy (electric) for cooling 1 1 1 1 2 1 
Solar energy (electric) for heating and DHW 1 1 1 1 1 1 
Solar energy (electric) for heating, DWH and cooling 1 1 1 1   1 
Solar energy (electric) to generate enectricity to supply an other 
energy source (like a heatpump) 

1 2 1 2 1 2 

District Heating (added by Estonia)       3     
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Potential situation E I GR EST NL IRL 
Natural gas heating 3 2 1 2 1 2 
Air to water heatpump system for heating 2 2 2 2 2 3 
Air to water heatpump system for DWH 3 2 2 2 2 3 
Air to water heatpump system for cooling 2 2 2 1 2 2 
Air to water heatpump system for heating and DHW 3 2 2 3 3 3 
Air to water heatpump system for heating, DHW and cooling 3 3 3 2 3 2 
Water to water heatpump system for heating 1 1 1 2 2 1 
Water to water heatpump system for DWH 1 1 2 2 2 1 
Water to water heatpump system for cooling 1 1 2 1 2 1 
Water to water heatpump system for heating and DHW 1 2 2 3 2 1 
Water to water heatpump system for heating, DHW and cooling 1 2 3 2 2 1 
Solar collector (water) for heating 2 2 2 1 1 3 
Solar collector (water) for DHW 2 3 3 1 1 3 
Solar collector (water) for cooling 2 1 2 1 1 2 
Solar collector (water) for heating and DHW 2 3 3 1 1 3 
Solar collector (water) for heating, DHW and cooling 2 2 3 1 1 2 
Solar energy (electric) for heating 2 1 2 1 1 1 
Solar energy (electric) for DHW 2 1 2 2 1 1 
Solar energy (electric) for cooling 2 3 2 2 1 1 
Solar energy (electric) for heating and DHW 2 2 3 1 1 1 
Solar energy (electric) for heating, DWH and cooling 2 3 3 1 1 1 
Solar energy (electric) to generate electricity to supply another 
energy source (like a heatpump) 

3 3 3 3 2 2 

District Heating (added by Estonia)     
 

3 
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Energy transport 
 
 

Current situation Spain Italy Greece Estonia Netherlands Ireland 

Ventilation types             

  Air 3 2 2 1 2 2 

  Forced air 3 2 2 1 1 3 

  Hydrolics 2 2 2 3 3 2 

  Electric 1 1 1 2 1 2 

  VRF-
system 

1 1 1 1 1 2 

 
 

       

Potential situation Spain Italy Greece Estonia Netherlands Ireland 

Ventilation types             

  Air 2 2 2 1 2 3 

  Forced air 2 3 3 1 1 2 

  Hydrolics 3 2 2 3 3 3 

  Electric 2 2 2 1 2 1 

  VRF-
system 

2 3 2 2 2 2 
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Appendix B – Questionnaire 2 
 
For this questionnaire, there are no results available for Italy. 
 
Locations 
The scores go from 0 (not possible) to 3 (preferred solution). 
 

Locations for the 
building services 

Dwelling type BE EST GR IRL NL SLO S 

External unit - 
facade 

Terraced 2 3 1 
 

2 3 2 

 
Semi-detached/detached 2 3 

 
3 3 3 

 

  Apartment 2 1     1   3 

External unit - roof Terraced 3 2 
  

1 1 3 
 

Semi-detached/detached 3 2 
 

0 1 1 
 

  Apartment 3 1 3   2   3 

Internal unit with 
external heat pump 

Terraced 3 1 
  

3 2 3 

 
Semi-detached/detached 3 1 2 2 3 2 

 

 
Apartment 3 1 

  
3 2 3 

 
 
Types of connections 
 

Solution BE EST GR IRL SLO S 

Domestic 
Hot Water 

Pipes, 
tubes 

Pipes, 
16x2, DN32 

Pipes, 
tubes, 10-
108 mm Copper pipes pipes flexible, 13 mm 

Heating 
Pipes, 
tubes 

Pipes, 
25x2, 32x2, 
DN50 

Pipes, 
tubes 12,7 - 
76,2 mm Copper pipes 

Water, 
Mostly 
aluplast 

Water baseboard 1", 
water pipes 15mm 
copper, cables for 
electric heater (6mm2) 

Ventilation 
Air 
ducts 

Ducts, 125, 
160 mm, 
DN25, 400 
mm 
connection 
ducts 

Pipe, ducts 
150 mm 

Extract fans 
in wall. 
Possible 
kitchen 
extract with 
flexi tube Ducts 

Ducts, but hardly 
present 

Solar 
Energy 
(electrical) Cables 

10… 15 kW, 
50kW 

Cables, 6 
mm2 Non existing Copper  
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Legislation 
Component Belgium Estonia Greece Ireland Slovenia Spain 
Domestic 
hot water 

NBN EN 14336:2004 
Heating systems in 
buildings - 
Installation and 
commissioning of 
water based heating 
systems 
 
ISO 1996-1:2016 
Acoustics - 
Description, 
measurement and 
assessment of 
environmental noise 
— Part 1: Basic 
quantities and 
assessment 
procedures 
 
 
As common 
construction 
practices in Belgium, 
French and German 
Standards tend to 
be used 

none EU Regulations Irish Building 
Regulations 

Rules on 
drinking water 

National Building Code – Use 
of renewables for DHW 
demand (CTE-DBHE4, in 
Spanish) 
CTE-DB HE4 

Usage of 
fresh water 

none Government 
Gazzete 
3282/19.09.2017 

Irish Building 
Regulations 

One needs 
permit to use it 
as a heat 
source 

 

Sound 
regulations 
for 
installations 

Maximum 
sound level 
of 30 dBA in 
bedrooms 

Government 
Gazzete 
293/Α/6-10-81 

Irish Building 
Regulations 

One should not 
disturb 
neighbours, 
values vaguely 
set 

National Building Code – 
Noise Protection (CTE-DBHR, 
in Spanish) 
CTE-DB HR 

Solar energy  none Net metering 
regulation 

Irish Building 
Regulations  
and Planning 
Regulations 

For solar PV 
the limit is 0,8 
of buildings 
nominal 
power. But this 
is being 
changed now 
(energy 
communities…) 

National Building Code – On 
site electricity generation 
(CTE-DBHE5, in Spanish) 
CTE-DB HE5 
Low Tension Regulation 
(REBT, in Spanish) 
Real Decreto 842/2020 

Ventilation NBN EN 12599:2012 
Ventilation for 
buildings - Test 
procedures and 
measurement 
methods to hand 
over air conditioning 
and ventilation 
systems 

Minimum 
heat 
recovery 
efficiency of 
70% 

Building Energy 
Performance 
Regulation 
(required m3/h 
of air) 

Irish Building 
Regulations  
and Planning 
Regulations 

Rules on the 
ventilation and 
air-
conditioning of 
buildings 

National Building Code – IAQ 
(CTE-DBHS3, in Spanish) 
CTE-DB HS3 

Placing 
installations 
on rooftops 

 Based on 
local 
municipality 
regulations 

 
Irish Building 
Regulations  
and Planning 
Regulations 

Not aware Regional regulations 
E.g., in Valencia Region: 
§ DL 14/2020 
Municipal rergulations E.g., 
in València: 
Urban General Plan 
Specific ordinances  

Placing 
installations 
in gardens 

 Based on 
local 
municipality 
regulations 

 
Irish Building 
Regulations  
and Planning 
Regulations 

Not aware 
 

Hanging 
installations 
on façades 

 Based on 
local 
municipality 
regulations 

Department of 
archeoloy and 
General Building 
Reulation 

Irish Building 
Regulations  
and Planning 
Regulations 

Cultural 
protection on 
certain areas 
like city 
centres 

Regional regulations 
E.g., in Valencia Region: 
DL 14/2020 
Municipal rergulations 
E.g., in València: 
Urban General Plan 
Specific ordinances 

Building 
regulations - 
architectural 
aspects 
(added by 
Belgium) 

More information is 
available for 
Brussels Capital 
Region. Some 
information is 
available for 
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Flanders and no 
information is 
available for 
Wallonia 

Thermal 
Energy 
Installations 
(added by 
Spain) 

     Thermal Installations in 
Buildings Regulation (RITE, 
in Spanish) 
RITE 

Comments      As it has been mentioned 
previously, there are 
additional regional and local 
regulation affecting most 
elements. 
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Business cases 
For this questionnaire, there are only results for Estland, Ireland, Slovenia and Spain. 
 

Name  Description EST IRL SLO S 

Sales 
Selling the building services 
to the building owner. 

3 1 3 2 

Lease (1) 

Building services stay 
ownership of the producer. 
The building/property owner 
leases the services 

1 2 2 1 

Lease (2) 

Building services stay 
ownership of the producer. 
The resident/occupant 
leases the services 

0  0  2 3 

PPA agreement 
(added by 
Spain) 

An energy company installs a 
set of PV on the building 
roof. The owner/occupant 
pays for the onsite 
generated energy 
consumed, at a lower cost 
than that of the market, the 
energy company sells the 
rest to the grid and obtains 
profil. It is usually a long-
term (20y) contract, 
maintenance included. 

    

Sales + 
maintenance 
(added by 
Spain) 

As “Sales”, but the contract 
includes maintenance for  
defined period to be done by 
the producer 

    

Other  

 
    

 

Comments  

In Estonia, building service system is 
usually owned by the building owner. It 
is possible to lease the system to the 
owner, but leasing is not common 
solution. 

   

 
 
 


