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Executive Summary 

This deliverable reports the activities related to the Task 7.3 ς Market and business innovation 
1st version ς aiming to carry out a general assessment of the European market and the 
preliminary business models for the identified GEO4CIVHIC solutions. 

A complete analysis has been performed investigating first the most used conventional 
solutions for heating and cooling of buildings in Europe. It has been found out that the 
conventional heating and cooling market is very heterogeneous, composed by many different 
technologies, and characterized by a low level of efficiency for the installed stock: hence there 
is a relevant need for modernisation of existing conventional heating and cooling systems.  

In this context, geothermal represents a renewable energy source with a very important 
potential of energy savings, addressing the main EU targets and goals for carbon emissions 
reduction. An overview of the geothermal solutions currently used for heating/cooling of 
buildings has been provided: shallow geothermal is the largest type (63%) of geothermal energy 
used in Europe, but many differences between Member States still exist about actual state of 
deployment of such renewable energy, mainly due to the availability of incentives and financial 
support schemes. The more mature markets of geothermal installations are Sweden, Germany, 
France, Switzerland and Norway, which account for around 70% of all installed capacity of the 
continent.  

In order to identify the most profitable countries for application of GEO4CIVHIC solutions, the 
market potential for geothermal heat production has been investigated through underground 
and climate characteristics. 

The competitor analysis outlines that some companies present in the EU market are starting to 
offer innovative products for geothermal applications, but the innovation brought from the 
versatile and compact drilling technology developed within the project is actually beyond the 
state of the art. 

In every Member State it is envisaged that GSHPs can play an important role for 
heating/cooling of residential and commercial buildings, reducing requirements for primary 
energy and carbon emissions. However strong competition exists with ASHPs, more 
commercialized in the market due to their ease of installation, lower price and less space 
occupancy, although GSHPs provide higher efficiencies.  

Market requirements, opportunities and barriers, plus financial models have been analyzed for 
application of geothermal systems: the main barriers, as lack of available space in built urban 
environment for installation, different regulations and permits, lack of appropriate financing 
schemes, high cost of GSHPs and needed certifications respect to alternatives, lack of 
awareness and knowledge about geothermal systems. It can be overcome exploiting 
opportunities in the market and leveraging on the key success factors of GEO4CIVHIC solutions, 
identifiable in the main following points: 

- Reduction of the investment cost of shallow geothermal in building retrofits with up to 
30 % when compared to the actual state of art. 
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- Reduction the drilling cost in built environmental thanks to compact and versatile 
equipment  

- Cost competitive with mainstream drilling methods. 

- Reduction of environmental risks, complexity and costs 

- Better integration between heat exchange elements during installation 

- Optimized hybrid solutions integrating the different geothermal systems 

- Safety enhancement 
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Objectives of the report 

The present report is the result of the partial completion of Task 7.3 - Marketing Intelligent 
activity and Business Innovation Models for each solution and building type.  

The main objectives of the Task 7.3 are described as follows: 

- The prompt identification of emerging market trends and threats imposed by political, 
economic and social conditions that could jeopardize the commercial potential of 
GEO4CIVHIC results.  

- Continuous monitoring of the competition and technological advancements, so as to 
promptly identify new competitors to GEO4CIVHIC products and solutions (launched 
prior to the finalization of the project), with identical or similar features and value. This 
will give feedback to all previous technical WPs and will trigger mechanisms for properly 
updating GEO4CIVHIC specifications towards ensuring its clear differentiation and 
competitive advantages against competition.  

- Providing valuable market and industry data which will enable the definition of viable 
business models on the basis of: (i) realistic estimations of costs of goods sold and 
operational expenses, (ii) financial and regulatory frameworks (e.g. taxation and 
investment friendliness) in targeted geographic segments and (iii) accurate market sizes 
and growth rates, towards allowing for accurate estimations of: (i) anticipated market 
shares and revenue streams, (ii) cash flows and profitability and (iii) overall investment 
needs and the identification of instruments, funds and ventures that could ensure 
smooth operations and successful business development  

The current deliverable D7.3 is public and it addresses the whole GEO4CIVHIC Consortium, 
providing partners with a detailed analysis of the most suitable markets for deployment of 
developed solutions, as well as external stakeholders interested in entering the field of shallow 
geothermal systems for renewable heating and cooling. 

Contribution of Partners 

Solintel is the task leader and responsible to deliver the present document. All partners, based 
on their expertise and knowledge, contributed to carry out activities needed for a detailed and 
complete document which is the D7.3. 

Baseline 

For the preparation of this deliverable a state-of-the-art for the technologies developed within 
GEO4CIVHIC has been performed, analysing the current markets and the available systems. 

The assessment of the market have been focused on: drilling technologies, borehole heat 
exchangers, ground source heat pumps and integration of geothermal systems in buildings. 

Relation to other activities 

Inputs: some information has been taken from task 5.5, task 6.1 and task 7.5, concerning the 
mapping activity used for market potential study, specific regulations and the key exploitable 
ǊŜǎǳƭǘǎ ŀƴŘ ƛǘΩǎ ǊŜǎǇƻƴǎƛōƭŜ ǘƻ ŘŜǾŜƭƻǇ ǎǳŎƘ ǘŜŎƘƴƻƭƻƎƛŜǎ, plus contributions provided by all 
Consortium partners in terms of the description of the product and some related competitors. 
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Outputs: activities related to this deliverable will represent the basis for carrying out deliverable 
D7.4 which is the Market and Business innovation 2nd Version. Also information presented in 
this report will be profitable in tasks 7.4 and 7.5.  

Structure of the Document 

This document contains the following content: 

- Chapter 2, a brief overview on the most used conventional solution for heating/cooling 
of buildings in Europe 

- Chapter 3, Overview of shallow geothermal solution for heating and cooling system in 
European buildings 

- Chapter 4, Analysis to the market potential for geothermal heat production and use in 
building sector in several countries along Europe 

- Chapter 5, evaluating of the market requirements for the shallow geothermal system in 
Europe 

- Chapter 6, Competitor analysis on shallow geothermal solutions in the European 
market. 

- Chapter 7, Key success factors for GEO4CIVHIC solutions 

- Chapter 8, Presentation of the preliminary business models for each identified 
technology developed in the project. 
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1 Introduction and Methodology 

The GEO4CIVHIC project is trying to accelerate the deployment of shallow geothermal systems 
for heating and cooling in retrofitting existing types of buildings, including historical buildings. It 
will be based on innovative technological solutions, improvements and enrichment of results 
obtained from previous EU projects, notable Cheap-GSHP and GEOTeCH projects. GEO4CIVHIC 
consortium is working on a flexible drilling machine of reduced dimensions and ground heat 
exchanger technologies, also in a new generation of heat pump technologies for both low and 
high temperature suitable for all buildings, climate and underground conditions. 

Assessment of the market opportunities and to definition of strategies needed for a future 
successful commercial exploitation is being established into the WP7. In particular, Task 7.3 will 
assure that innovation developed in the project is not hindered by new upcoming market 
evolution and competition. 

The methodology that is being deployed for the completion of task 7.3 and the two deliverables 
associated to the latter is dependent on the main objectives mentioned before. The figure 
below illustrates the 2-phase process that is to be followed. The explanations that follow 
provide details for the objectives of each deliverable including amendments that will be 
performed following feedback and review processes during the course of the project. 

 
Figure 1.1 Methodology employed for T7.3 completion 

Step 1 
Given that step 1 corresponds to the first market deliverable and comes at a preliminary stage 
in the project where innovations and technologies are still in development, the objective in this 
step is to provide preliminary market information on general trends and competitor 
assessments. This deliverable will set the basis for further and more detailed activities as the 
project moves forward. In addition to this, the information and data contained within this 
document can already be used in order to obtain insights on the economic potential of the 
project results.  
 
Step 2 
Firstly, this step will provide an update on all the initial market observations that have been 
provided in order to account for potential new competitors, unexpected dips in the market, or 
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new regulations. Moreover, one of the key outputs of this stage is providing a more detailed 
competitor assessment. Since the project results and innovations will be at a more mature 
development stage, the consortium will provide a detailed analysis of competitors and the 
technical features of their products and be able to assess the potential strengths and 
weaknesses of GEO4CIVHIC KERs with respect to these products. This will later provide key 
insights on the positioning of GEO4CIVHIC within its respective markets in order to establish 
effective business strategies and relevant operational structures that will be contained in the 
GEO4CIVHIC business plan for the commercialization of project results. This roadmap towards 
commercialization will be supported by deterministic capital budgeting models with a 
discounted cash flow analysis which will reflect the market growth rates and trends identified 
through the market analysis as well as chosen competitive pricing policies for GEO4CIVHIC 
products established through the prior comparative analysis with competitor products.  
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2 Brief overview on the most used conventional heating 
/cooling solutions in buildings in Europe 

Buildings use a huge amount of energy. According to Eurostat, buildings account for 38.1% of 
energy consumption in the European Union, more than any other sector, including transport 
(33.3%) and industry (25.9%). Residential buildings account for 24.8% of the total.  

The vast majority of the energy used in buildings is for heating and cooling systems. In the EU, 
the main use of energy by households is for heating their homes (63.6% of final energy 
consumption in the residential sector), see Figure 2.1. Electricity used for lighting and most 
electrical appliances represents 14.1 % (this excludes the use of electricity for powering the 
main heating, cooling or cooking systems), while the proportion used for water heating is 
slightly higher, representing 14.8 %. Main cooking devices require 6.1 % of the energy used by 
households, while space cooling and other end-uses cover 0.4 % and 1.0 % respectively. 
Heating of space and water consequently represents 78.4 % of the final energy consumed by 
households. 

 

Figure 2.1 Final energy consumption in the residential sector by use. Source: Eurostat, 2018 

Most of the energy products are almost exclusively used for space and water heating (from 
92.1 % of oil products to 100 % of derived heat); only electricity has a wider use (57.2 % for 
lighting, 25.7 % for heating space and water, 12.1 % for cooking and 1.5 % for cooling) (see 
Figure 2.2) 

 

http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2016)582022
http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2016)582023
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Figure 2.2 Final energy consumption in the residential sector by type. Source: Eurostat, 2018 

Electricity covers 100 % of the energy needs for lighting and space cooling in the EU but also 
83.4 % of the other end-uses and 49.2 % for cooking. Gas plays an essential role in terms of 
space and water heating (respectively 38.0 % and 40.6 % of the energy consumed for these 
end-uses) and in cooking (31.0 %). Renewables cover 27.0 % of the energy needs for space 
heating, 12.6 % for water heating and 5.6 % for cooking. Derived heat plays an important role 
only in water heating (13.9 %) and in space heating (10.6 %), while oil products still cover 14.1 
% of space heating energy use, 13.5 % of cooking and 11.3 % of water heating (see Figure 2.3). 

 

Figure 2.3 Part of the main energy products in the final energy consumption in the residential 
sector for each type of end-use. Source: Eurostat, 2018 

Since the existing and most used technologies for heating and cooling buildings reported by EU 
Member States have been previously presented earlier in deliverable D1.4, chapter 2, the 
following subchapters provide a very brief summary highlighting some important aspects. 

The heating and cooling market is fragmented and no single sector has so far emerged either 
nationally or EU-wide. In its place, heat markets are local markets composed by many different 
technologies and economic agents (suppliers, installers and builders, engineering companies 
and energy advisors, energy utilities and energy service companies) selling the heat and cool as 
a commodity or service, often combined with other services, such as facility management, 
water and sewage and waste treatment. Heating and cooling are closely linked with other 
energy markets, in particular fuel and electricity, but also with non-energy markets like, for 
example, water, waste and technology. 
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2.1 Heating Technologies 

2.1.1 Boilers 

Boilers are water heaters that are special-purpose. While furnaces carry heat in the air, boiler 
systems disperse the heat in warm water, which gives up the heat as it moves through other 
devices or radiators in rooms throughout the home. Residential boilers use fuel oil or natural 
gas for fuel.  

2.1.2 Individual stoves and furnaces 

They are still an important technology, and have some merits in combination with renewable 
fuels. Stoves are fuelled by gas, oil, coal and biomass and furnaces using coal, biomass and 
waste. 

2.1.3 Heat Pumps 

For climates with moderate heating and cooling needs, heat pumps offer an energy-efficient 
alternative to furnaces and air conditioners. They move heat rather than generate heat, heat 
pumps can provide equivalent space conditioning at as little as one quarter of the cost of 
operating conventional heating or cooling appliances. There are three types of heat pumps: air-
to-air, water source, and geothermal. They collect heat from the air, water, or ground outside 
your home and concentrate it for use inside. 

2.1.4 Cogeneration 

While cogeneration is usually applied in large capacities up to 150 MW and above, micro-CHP 
(often in form of fuel cells) is emerging in the residential sector supplying individual buildings 
and even apartments. At the same time, there are emerging alternative fuels, such as biogases, 
synthetic gases and hydrogen or recovered waste heat, which expand the available range of 
energy carriers and sources for heating. 

2.1.5 Complementary devices 

Lastly, modern heating systems include other technologies that are complementary to boilers 
providing more comfort to the users depending on specific needs; some of these such 
complementary technologies are: heat storage, radiators and heat exchangers, surface heating, 
passive heating elements, etc. 

2.2 Cooling Technologies 

The cooling sector is quite heterogeneous regarding its technologies and actors and it is mostly 
supplied from electric devices removing heat/moisture from air. Conventional cooling 
technologies include the following 

2.2.1 Central air ς conditioning units 

In general, two types of conditioning units can be distinguished: Packaged air conditioning 
equipment (PAC) and central plant air conditioning equipment. The first one includes the heat 
exchanger and compressor and sometimes the evaporator and condenser as well. The second 
one is usually larger system based on one or more chillers. Thermally driven "adsorption or 
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absorption" chillers are a mature technology and their efficiencies are lower than electrically 
driven heat pumps (with coefficients of performance typically in the range 0.7-1.2) 

2.2.2 District cooling 

This technology allows using locally available sources. Often district cooling uses the direct 
thermal energy, converting heat into cold using waste heat from industry and waste 
incineration to produce cooling, using heat driven sorption chillers and heat pumps. Electric 
compression chillers represent also a large portion of many of the existing systems. 

The so-called free cooling, whereby cold from rivers, lakes and seas is transported directly, or 
enhanced with heat pumps through pipes, to the end-users (mainly tertiary and public buildings 
sectors) has been in use since the early nineties and, using ATES (Aquifer Thermal Energy 
Systems).   

District cooling still represents a small portion with a total installed capacity of only 2.4 GW, 
which is less than 1% of the total installed district heating capacity of 301.5 GW in EU-28 [1]. 

2.3 Heating and Cooling Technologies 

Costs and performance vary widely among heating and cooling technologies and also for each 
individual technology, because of differences in equipment prices, installation and running 
costs, different end-use applications, climate, technology specifications, user requirements and 
building occupation profiles. 

The old heating (using coal, oil and wood) and cooling (electrical) equipment installed raise 
concerns for the air quality and associated health problems that it can cause. In fact, in some 
parts of Europe, up to three quarters of outdoor fine particulate matter pollution is attributable 
to household heating with solid fuels (including coal and biomass) [2].  

To overcome such problem, Eco-design and energy labelling requirements for space and water 
heaters came into application in 2015 and the sale of inefficient boilers is now banned. 
Moreover, consumers can be informed about efficiency ratings, both for single technologies 
and for packages that include the use of renewables. 

The new F-Gas Regulation 517/2014 on fluorinated greenhouse gases will also accelerate the 
refurbishment of heating and cooling technologies, pushing towards the use of alternative 
refrigerants. Indeed, climate-friendly refrigerants offer great energy saving potentials, even 
though they require, for some applications, an update of the existing standards to ensure their 
safe use. 

A good time to replace an old heating system is when a building is refurbished: transformation 
to an efficient building makes it possible to shift to heat pumps, solar or geothermal heating or 
waste heat. These appliances save costs.  

Hence, a wide range of renewable heating and cooling solutions is available and scaling-up the 
market would reduce their price. The Energy Labelling Directive (2010/30/EU) states that 
Member State incentives for products, such as heaters, need to reach the highest performance 
levels. 

Cooling comes mostly from electric devices, although there are promising innovative low 
energy cooling technologies. A recently adopted Eco-design regulation covering cooling 
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products completes the set of requirements for heating and cooling and it will bring fuel savings 
of 5 Mtoe per year in 2030, corresponding to 9 million tonnes of CO2 [2]. 

2.3.1 Trend of Heating & Cooling technologies 

In terms of refurbishment and development of final energy demand for heating and cooling, 
the scenario described in HoTMAPS [3] describes the final energy consumption for space 
heating and hot water can be significantly reduced until 2050 through thermal refurbishments 
of the existing building stock. While existing policy measures already incentivize efficiency 
increases in the European building stock more ambitious policies are needed to reach climate 
targets in line with the Paris agreement. 

Energy price increase (and taxation) as well as economic incentives (e.g. subsidies) for building 
refurbishment to some extent are relevant triggers to increase renovation activities. However, 
there are some barriers and settings which lead to even under a favourable economic 
framework, building owners do not decide to refurbish their building such as, lack of 
information on refurbishment measures, owners dilemma on legislative provisions, lack of 
capital to carry out refurbishment work for instances. 

In terms of uptaking of renewable heating systems, Biomass heating systems, heat pumps and 
solar heating systems can substitute the use of fuel oil and coal for decentral heat supply until 
2050.  

Heat pumps play an important role in the energy transition. Provided that they substitute 
existing direct electric heating systems and that the use of heat pumps is restricted to heat 
distribution systems with low temperature levels (below 50°C) the electricity demand for space 
heating does not increase significantly.  

In contrast to the refurbishment of the building envelope, in general the installation of a new 
heating system is associated with a lower amount of technical, economic and other barriers. 
Thus, the economic framework and in particular the energy prices play a considerable role in 
the decision-making process. However, a number of non-economic barriers affect the heating 
system choice such as strong role of intermediaries όƛƴǎǘŀƭƭŜǊǎύΣέǎǘŀǘǳǎ-ǉǳƻ ōƛŀǎέ ŀƴŘ ǘŜŎƘƴƛŎŀƭ 
restrictions (e.g. available space for ground source collectors for heat pumps, fuel storage of 
biomass systems, etc.). 
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3 Overview of shallow geothermal solutions for heating and 
cooling systems in European buildings 

3.1 Introduction 

As it was mentioned before, heating and cooling represents the largest share of final energy 
demand in Europe. The majority of this energy is generated by burning fossil fuels. This is the 
reason why current systems generally used in Europe are not only boosting costly imports of 
fossil fuels, such as oil into Europe, but they are also major contributors to the overall EU´s 
greenhouse gas emissions. Another general characteristic of the European landscape is that the 
heating and cooling sector is very heterogeneous in its structure, in terms of technologies, 
actors, demand, sources, costs, etc. 

(A) 

 

(B) 

 

Figure 3.1 Residential sector energy consumption (Quadrillion Btu), (A) by major source, 1949-2019 
and (B) by major source, May 2020. Source: Electricity retail sales  

In this context, geothermal represents a renewable energy source with a very important 
potential of energy savings which can concern the air conditioning of different kind of buildings 
such as residential, commercial or industrial.  

Shallow geothermal energy has the potential to save up to 70% of energy in comparison with 
the traditional heat and cool (H&C) systems that use oil and gas, thus it is a technology that can 
be in charge for decarbonising the overall heating sector. Furthermore, shallow geothermal 
systems can also cover the cooling demands, such as in commercial buildings all over the EU. 
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However, this sector is currently facing important challenges, such as regulatory barriers at 
different levels, which are able to affect the implementation of those systems in Europe. [4] 

Additional benefits provided by using shallow geothermal energy technologies are: 

- Reducing import dependency of fossil fuels and increasing security of energy supply 

- Increasing local added value and creating jobs 

- Potential integration of shallow geothermal technology in local existing businesses, 
especially SME 

- Bringing innovation to the building/installation sector 

- Zero pollution systems, when using clean electricity 

- Empowering consumers and contributing to provide affordable energy as it is immune 
(buffers) from price volatility typical of fossil fuels 

- Suited for European-wide geology, hydrogeology, and climate 

- Suitable for a variety of small as well as large applications 

- High energy savings potential for both heating and cooling 

- Integration through (thermal) storage potential as controllable load into smart 
electrical grids of small and large scale 

- Practical implementation on large scale (proven technology with good track record) 

In this context, it is important to provide the definition of Geothermal Energy given by the EU in 
!ǊǘƛŎƭŜ н ƻŦ 5ƛǊŜŎǘƛǾŜ нллфκнуκ9/Υ άGeothermal Energy means energy stored in the form of heat 
beneath the surface of solid earthέi. It is also relevant to specify that the limits of SGE 
technologies are not very clear but, by common understanding, the deep geothermal starts at 
about 400 m of depth. 

Shallow geothermal systems are in use throughout Europe to meet ambitious energy savings 
targets, whilst at the same time achieving high comfort levels through the inherent heating and 
cooling capacity. The relatively high efficiency achievable with Ground Source Heat Pump 
(GSHP) systems means that they can play a particularly important role in carbon emission 
reductions.  

In the north of Europe, heating is usually the dominant mode because of the weather there; in 
the middle latitudes both heating and cooling are used, while in Southern Europe, in countries 
such as Spain or Italy, cooling is dominant in tertiary buildings, although heating is also required 
in the cooler periods as well as for the production of domestic hot water (DHW). 

Regarding the installed capacity and talking about the number of installations, shallow 
geothermal is the largest type of geothermal energy used in Europe, in fact represents around 
of 63% against the 30% for direct use and 7% for electricity. [5] 

In terms of number of installations, installed capacity and energy produced this is by far the 
largest sector of geothermal energy use in Europe (cf. figure 2). The shallow geothermal share 
did increase from 63 % reported at EGC 2013 to >66 % in reporting for EGC 2016 and EGC 2019. 
It enjoys the widest deployment among European countries [6].  

In the EU, the current state of shallow geothermal energy is very heterogeneous across 
Member States. In order to be able to reach the targets set for uptake of shallow geothermal 

                                                 
i Article 2 of Directive 2009/28/EC 
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energy technology, an important growth of industries in many Member States is necessary and 
several economic, technical and socio-technical challenges have to be accomplished.  

The GEO4CIVHIC project aims to address key challenges by improving the development of 
shallow geothermal technologies and new system solutions, besides demonstrating their 
effectiveness. 

In most countries in Europe, geothermal energy is firmly established in the heat market, with 
shallow geothermal energy (GSHP) used in virtually all of Europe The countries with the highest 
number of geothermal heat pumps are Sweden, Germany, France and Switzerland. These four 
countries, alone, account for 64% of all installed capacity for shallow geothermal energy in 
Europe. Hence, such technology is much implemented in these countries, while major 
developments are needed in other countries [6]. 

 

Figure 3.2 Installed capacity in geothermal heat pumps in Europe after EGC 2013, 2016 and 2019 

The recent development for shallow geothermal in Europe can be seen from Figure 3.2, where 
data from EGC 2013 and EGC 2016, the current values, are shown in comparison. Sweden is 
again the country leading by installed capacity, followed by Germany, Finland, France and 
Switzerland. The Netherlands have shown a very dynamic development in the past years and 
are, together with Norway, among the countries with more than 1 GWth of installed shallow 
geothermal capacity. Shallow geothermal energy is used also in some countries that did not 
report to EGC 2019 (Luxembourg can serve as a small, but interesting example here, with good 
growth and some large installations), and we can state that there is virtually no country in 
Europe without some shallow geothermal installation. [6] 

3.1.1 R&D efforts and priorities 

Recently the efforts in this field have been focused on:  

- GSHP in general - 

- Foundation type heat exchanger  

- Heat pipes  

- Underground installation  

- Integrated Design 

- Sustainability & environmental issues 
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The Shallow Geothermal Research Priorities are intended to identify technical, environmental 
and economic topics that will enhance the deployment of shallow geothermal systems (ground 
source heat pump and underground thermal energy storage UTES) in the European context. 
The topics have been selected with an emphasis on the potential for further deployment and 
contribution to the improvement of the overall market potential of shallow geothermal 
systems. 

Shallow geothermal systems not only use heat pumps but also other components in common 
with conventional HVAC (Heating, Ventilation & Air-Conditioning) systems.  

The SRA (Strategic Research Agenda) focuses on the components, issues and processes that are 
unique and relevant to the geothermal applications and that, following the consultation of the 
geothermal community, indicate the largest potential for improvement. 

In this document, the following areas have been identified as those which the R&D projects will 
be focused [7]: 

 2020 post 2020 

Basic research 

Improvement to BHE materials New (plastic) materials for BHE with 
enhanced thermal conductivity 

Improvement to antifreeze agents New environmentally benign heat 
transfer fluids with low freezing 
point, low viscosity and high specific 
heat capacity 

Better understanding of thermal 
impact on building elements used 
as ground heat exchanger 

 

Environmental impact of shallow 
geothermal applications 

 

 2020 

Applied research & 
development 

Improvement of BHE design and construction 

Improved grouting materials (sealing, thermal conductivity) 

Mechanised and optimised drilling and installation technologies (incl. 
mechanised grouting, quality monitoring, etc.) 

Standardised installation technology for building elements as ground heat 
exchangers 

Further development of heat pipes as BHE 

For open systems, improved well construction and completion, injection 
wells control, water treatment. 

Improved methods for determining underground parameters 

Integrated design and modelling tools 

Effect of open systems on hydrochemistry and microbiological 
composition of the subsurface 

Demonstration 

GSHP and UTES plants with improved efficiency in different climate and 
geology, including improved control strategies 

Hybrid applications with integrated planning and operation control 

Use of storage function of the ground in the framework of smart 
electricity grids and smart thermal grids 

Collect and provide ground design data for closed and open systems in 
easily accessible geographical databases 

Table 3.1 ς Summary list of shallow geothermal research priorities and target. 
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3.2 Drilling techniques 

In geotechnical engineering, different drilling methods are used to better understand the soil 
beneath the surface. There are some traditional drilling methods mostly used Borehole Heat 
Exchangers (BHE) installations. Drilling activities is often uncertain because its high dependency 
on underground conditions, time loss and the cost involved are significant factors in overall 
cost. Drilling ŀŎǘƛǾƛǘƛŜǎ ǊŜǉǳƛǊŜ ƘŀǊŘ ǇƘȅǎƛŎŀƭ ǿƻǊƪ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ƘŜŀƭǘƘ ŀƴŘ ǎŀŦŜǘȅ ǊƛǎƪΩǎ 
merging in a limited production as well as by limited technical knowledge.  

BHE installation is usually done by rotary technology in sediments and soft formations. This is 
done by using water as circulation to stabilize the borehole. In more consolidated and hard 
formation, the down the hole hammer (DTH) is applied using air as circulation (Figure 3.3) [7] 
[8]. This section summarises some traditional drilling methods usually applied for drilling and 
installed vertical BHEs and other new ones. An overview of vertical geothermal heat exchangers 
and corresponding machine techniques has been properly presented under D1.2 and an 
evaluation of the drilling techniques to represent in the drillability map has been submitted 
under D2.1. 

 
Figure 3.3 Applicable drilling methods using rotary technology and down-hole hammer. 

The following table explain the picture just above,  

Soil/Rock type Method Remarks 

Soil, sand/gravel Auger rotary 
Sometimes temporary casing 
required or mud additives 
required 

Soil, silty/clayey  Auger rotary 
Mostly best choice temporary 
casing or mud additives 
required 

Rock, medium 
hard 

Rotary DTH 
Roller bit, sometimes mud 
additives required, large 
compressor required  

Rock Hard DTH Top hammer 

With rock bit or hard-metal 
insert button bit, very slow 
large compressor required 
especial equipment, depth 
range 

Rock under ODEX or similar ODEX is a downhole air hammer 
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waste or spoil 
(Overburden) 

system that is designed to 
advance casing during drilling. 
Sometimes in combination with 
DTH. 

Table 3.2 ς List of recommended drilling methods for the various ground conditions 

3.2.1 Solid stem auger drilling 

Solid stem augers (SSA) use continuous flight augers which mechanically excavate and 
continuously transport cuttings to the surface. Augers are available in diameters of 7.62 to 
35.56 cm. Solid stem augering has a number of advantages. It produces a moderate amount of 
easily contained cuttings and little or no fluid is required in the drilling process. Thin wall and 
split barrel sampling operations are supported. Because of lower torque requirements for solid 
stem augering, smaller drill-rigs can be used. Doing so simplifies site manoeuvring and often 
incurs lower costs. However, this drilling method also has a number of disadvantages. In order 
to obtain soil samples, the solid stem auger must be removed from the hole. Therefore, this 
technique is limited to stable soils which will not collapse when the augers is removed. Soil 
sampling during solid stem auger drilling is labour intensive, especially in deeper holes because 
the augers must be removed from the hole during each sampling procedure. 

3.2.2 Rotary Drilling 

Rotary drilling is widely used and can be adopted to almost every drilling project, but drilling 
velocity normally is not very high and can become extremely low in unfavourable conditions. 
Rotary cutting with drag bits in soft and medium rock can be effective even with light rigs, but 
rotary crushing with rock- or roller bits and even more with button bits requires heavy load on 
the bit to crush the rock when rolling over the teeth.  

3.2.3 Downhole hammer drilling 

With the hammer techniques, drilling in hard rock is very fast and cost-effective. Problems 
arise, if intercalations of soft and instable layers are present. For unconsolidated overburden, 
the ODEX method offers a way to install a casing down to the bedrock while drilling and to 
proceed drilling in the hard formation with normal DTH-equipment. If the overburden is too 
thick, or if unstable rock is found at considerable depth, the DTH with pneumatic flushing of the 
cuttings cannot be used.  

3.2.4 Enlarged auger drilling and drill pilling without casing ς Cheap-GSHPs 
technology 

The Cheap-GSHPs project has developed a drilling machine with an enlarged auger to install 
helicoidal heat exchangers; the diameter is about 300mm, reaching a maximum depth of 15-20 
m. This technique presents a medium-low cost of manufacturing and no water requirement for 
operation. The drilling machine ǳǎŜǎ ŀ ǎƛƳǇƭƛŦƛŜŘ άŎƘŜǾǊƻƴ ōƛǘ ǘƻ ƭƻǎŜέ ǇǊƻŘǳŎŜŘ ƻƴ ǇǳǊǇƻǎŜ 
and present a special casing with spiral welded on the outer surface connected by means of key 
and bolt connections. The final well has a diameter of 300 ς 340 mm and can reach an optimum 
depth around 15-18 m. This drilling technique can be applied mainly in unconsolidated 
material, soft soil, sand, gravel, clay. 

https://www.talonlpe.com/blog/solid-stem-augers-vs.-hollow-stem-augers-in-environmental-drilling
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The Easy drill piling technique developed in the Cheap-GSHPs project. This technique consists in 
drilling directly with a stainless steel pipe that play a dual function as drilling rods and as 
external tube of a coaxial ground heat exchanger. Hence, the coaxial borehole heat exchanger 
is built with an external stainless steel pipe, to avoid corrosion problems and enhance the 
thermal exchange with the surrounding ground, and an internal plastic HDPE or PEX pipe. In 
addition, the drilling machine combines rotation and vibration with the use of water injection at 
the bottom of the well during the piling operation, thanks to a vibro-rotary head and drilling 
system made on purpose. 

This method can be applied in unconsolidated materials and allows the installation of boreholes 
with diameters of 76 mm and even more at depth of 100 m and even more, at very high 
velocity. 

3.2.5 Hollow stem auger ς GEOTeCH technology 

The GEOTeCH project has developed hollow stem augers that can be used on the new drill rig, 
to install vertical soil heat exchangers. Hollow stem augering has a number of advantages. The 
augers act as a temporary casing during and at the completion of drilling. This facilitates the soil 
and water sampling and the installation of monitoring wells. It is relatively rapid and little or no 
fluid is required in the drilling process. The drill head rotates the auger, which is buried into the 
ƎǊƻǳƴŘΦ ²ƘŜƴ ǘƘŜ ŀǳƎŜǊ ƛǎ ǊƻǘŀǘŜŘ ŎƭƻŎƪǿƛǎŜΣ ǘƘŜ ŘǊƛƭƭ ƘŜŀŘ ΨǿŀƴǘǎΩ ǘƻ ǊƻǘŀǘŜ ŎƻǳƴǘŜǊ ŎƭƻŎƪǿƛǎŜΣ 
as it is able to rotate freely. This rotation is stopped by the tensile load cell which is connected 
to a crank and the drill head carrier. Using the length of the crank and the tensile force 
measured by the load cell, the torque which is required to drill can be calculated. 

 

 

Figure 3.4 Hollow steam auger developed in GEOTeCH project 
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3.3 Geothermal technology 

The following is a description of the different systems which compose a geothermal facility: the 
exchange with the ground, the heat pump, and at last, the hybridisation of the production 
system with other back-up technologies. 

3.3.1 Exchange with the ground 

The distinction between shallow and deep geothermal is not fixed. In general, shallow 
geothermal systems can be considered as those not pursuing the higher temperatures, typically 
found only at greater depth, but instead applying technical solutions to make use of the 
ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜǎ ƻŦŦŜǊŜŘ ƛƴ ǘƘŜ ǳǇǇŜǊƳƻǎǘ млл ǘƻ нлл Ƴ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ 
[9]. 

The Spanish Geothermal Technology Platform (GEOPLAT) classifies the geothermal resources 
depending on the temperature level in the ground as: High, Medium, Low and Very Low 
Temperature. The last geothermal source is denominated as Shallow geothermal resource, with 
the energy stored in the earth or in groundwater at temperatures lower than 30ºC and used for 
thermal uses. 

In order to use the constant low temperature of the ground, two options are available: 

- Increase or decrease the temperature of geothermal heat to a usable level using heat 
pumps (Ground Source Heat Pumps, GSHP) 

- Increase or decrease the temperature in the ground by storing heat or cold 
(Underground Thermal Energy Storage, UTES).  

All these SGE technologies can be classified in two main types: 

- Open circuits, where water is pumped from an aquifer, having a heat exchanger above 
ground 

- Closed circuits, where a heat exchanger is installed inside the ground to exploit the 
energy resource. 

3.3.2 Heat Pump 

In the current market a lot of types of heat pumps exist, depending on their source of energy, 
application and coupled end-unit. Heat pumps can be categorised according to: 

- Function: heating, cooling, domestic hot water, ventilation, drying, heat recovery 

- Heat source: ground, ground-water, air, exhaust air 

- Working fluids: (heat source/heat distribution) brine/water, water/water, direct-
expansion/water, air/water, air/air, water/air 

- Unit construction: compact or split, installation location (indoor/outdoor), compression 
heat pump, absorption heat pump, drive power (electric, gas), number of compression 
stage. 

Once the different categories of heat pumps have been described, it is important to clear out 
that Ground Source Heat Pumps (GSHPs) considered in this market assessment cover both 
ground and water sources (aquifers, ponds, lakes, etc.). 
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3.3.3 Distribution H/C system 

The most common type of HVAC systems using GSHP are the water-to-water system and the 
water-to-air system. As for the terminal unit, fan coils, conventional radiators and radiating 
surfaces can be used, depending on the delivery media. 

Fan coil units consist of a heat exchanger (coil) and a distributing fan.  The former can only 
provide heating or cooling depending on the season, while the latter can provide both heating 
and cooling simultaneously by means of two separated circuits.  

¢ƘŜ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƛǎ ƛƳǇǊƻǾŜŘ ǿƘŜƴ D{Itǎ ŀǊŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƭƻǿ-temperature 
heating and high temperature cooling systems like radiant floors or ceilings. Radiant surfaces 
require a small thermal gap to function, thereby offering better heat pump efficiency. 

3.3.4 Opportunities for reducing cost 

Minimising the overall cost of the technology is always a priority. While ground source heat 
pumps already represent a big difference in energy expenditure in terms of electricity use with 
respect to other more conventional HVAC systems, the installation costs are higher and vary 
depending on the building energy requirements, soil conditions, system configuration, site 
accessibility and amount of digging and drilling required. Improvements can be made in order 
to make this technology cheaper while maintaining its high efficiency. 

The type of collector used in GSHP systems is a decisive factor in the installation cost. 
Horizontal closed-loops are cheaper to implement than vertical closed-loops, but they require 
more open space (the choice will also affect the design and efficiency of the system). The 
cheaper closed-loop option is represented by submerged closed-loops, which draw heat from 
water (if this is allowed by local legislation and ecological consequences), instead of the ground, 
though the need for a nearby pond or lake makes it a very limited option, especially in urban 
sites. 

Additionally, free cooling is a method combinable with GSHPs to reduce operating costs. The 
free cooling system for buildings takes advantage of lower outdoor temperature to provide 
cooling indoors. When the temperature of the air outdoors is appropriately lower than the 
temperature of the air pulled from indoors, the system lets the outside air in, filters it properly 
ŀƴŘ ǳǎŜǎ ƛǘ ǘƻ Ŏƻƻƭ ǘƘŜ ǊƻƻƳΣ ǘƘǳǎ ǇǊƻǾƛŘƛƴƎ άŦǊŜŜ ŎƻƻƭƛƴƎέΦ ¢ƻ ƳŀƪŜ ǘƘƛǎ ǇƻǎǎƛōƭŜΣ ŀƴ 
economiser needs to be installed, thus requiring an investment in equipment. The economiser 
is comprised of several components, including an outside air intake, an exhaust air exit, a 
damper assembly to bring in variable amounts of outside air, outdoor air sensors and a 
controller, which determines whether the outside air is apt for introduction in the building. The 
suitability of the air depends on its temperature and humidity and extreme values on both 
variables do not allow the free cooling system to perform. This system is particularly suitable 
for large commercial buildings and any building that concentrates a large amount of people, 
since temperatures in these spaces easily rise and therefore outdoor temperatures tend to be 
lower even in the warmer months. 

Relevant for the shallow geothermal systems are the free cooling on open well applications, 
which directly use the available temperature of the groundwater, or the (limited) free cooling 
on a closed loop system using the available temperature from the loop/ground. Free cooling 
implies that the compressor of the heat pump is not used (mechanical cooling) and it is only the 
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ŎƛǊŎǳƭŀǘƛƻƴ ǇǳƳǇ ǘƘŀǘ ƛǎ ǳǎŜŘ όǳǎǳŀƭƭȅ /htΩǎ ƻŦ ŀǊƻǳƴŘ мΥнлύΦ hōǾƛƻǳǎƭȅ ƻƴ ǘƘŜ ŎƭƻǎŜŘ ƭƻƻǇ ǘƘŜ 
temperature will raise with continued load on the loop: at some point the capacity will no 
longer be adequate and the system needs to change to active cooling. 

3.4 Legislation  

With buildings being responsible for nearly 40% of final energy consumption in the European 
Union (in residential homes, two thirds of this is for space heating), a large potential for the use 
of renewable, cost-effective energy savings and carbon emissions reduction exists and remains 
untapped in this sector. To this end, a series of regulations have been adopted at EU level. They 
can have an impact on the development of geothermal heat pumps but also, in certain cases, of 
geothermal district heating.  

This subchapter presents briefly the following EU set of regulations in general terms, later on in 
this report we will focus on some countries of interest.  

- Promotion of renewable in buildings: RES Directive, Article 13 puts obligations on 
member states to introduce, where appropriate, measures in their building regulations 
and codes so as to use minimum levels of renewable energy in buildings. This directive 
also place specific requirements on public buildings to fulfil an exemplary role (since 
2012) and requires member states to promote renewable energy technologies that 
contribute to a significant reduction of energy consumption, among which heat pumps 
fulfilling the minimum requirements of eco-design. 

- Energy performance of buildings: With regards to energy efficiency, shallow geothermal 
technologies and geothermal district heating can undoubtedly be crucial technologies 
in meeting minimum requirements for energy performance which member states have 
to set in compliance with Directive 2010/31/EU on energy performance of buildings 
(EPBD). This directive is the main EU legislative instrument affecting energy use and 
efficiency in the building sector. What is mandatory is the adoption by member states 
of a methodology for calculating the energy performance of buildings which needs to 
take into account certain elements, including the thermal characteristics of a building. 
The EPBD applies to new as well as existing buildings undergoing major renovation. 
When new, replaced or upgraded technical building systems, such as heating systems, 
are installed, they should also comply with the energy performance requirements.  

- The energy Efficiency Directive: if the  EPBD and the RES Directive contain key measures 
for the promotion of energy efficiency and for the integration of renewable energy into 
buildings, they are complemented and enhanced by the EED adopted in 2012. The 
target of this directive does not cover a large part of the public building stock, and does 
not address the private sector at all. Under the EED, however, member states have to 
set up energy efficiency obligation schemes to achieve new savings each year of 1.5 % 
of the annual energy sales to final customers. In that regard, it is relevant to report  that 
energy savings achieved with heat pumps can be counted, without any limitation, 
towards the 1.5% target. Article 14 (4) provides that when a potential for the 
application of high-efficiency cogeneration and/or efficient district heating and cooling 
is identified and the benefits exceed the costs, member states will have to take  
adequate measures to accommodate their realisation. In this respect, Geothermal 
technologies can have an advantage as they fall within the definition of high efficient 
cogeneration and district heating (articles 1 (34) and 1 (41) respectively). 
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- Ecodesign and energy labelling: Heat pumps (including GSHP)are covered under both 
Ecodesign and energy labelling legislation, which are two of the most effective policy 
tools in the area of energy efficiency. Recast Directive 2009/125/EC establishing a 
framework for the setting of eco-design requirements for energy-related products does 
not set binding requirements on products by itself, but through implementing 
measures adopted on a case by case basis for each product group (lot): Geothermal 
ƘŜŀǘ ǇǳƳǇǎ ŀǊŜ ŎƻǾŜǊŜŘ ǳƴŘŜǊ 9b9w [ƻǘм ά.ƻƛƭŜǊǎ ŀƴŘ ŎƻƳōƛ-ōƻƛƭŜǊǎέ ŀƴŘ 9b9w [ƻǘ н 
ά²ŀǘŜǊ ƘŜŀǘŜǊǎΦέii.  

 

                                                 
ii  The new ecodesign requirements for space heaters and combination heaters were published on the Official Journal on 6thSeptember 2013.  

http://eur -lex.europa.eu/JOHtml.do?uri=OJ:L:2013:239:SOM:EN:HTML 
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4 Market potential for geothermal heat production and use 
in building sector in Europe 

Geothermal potential in Europe 

In Europe the interest in geothermal energy has been growing in the last 15 years and the 
renovated interest was mainly due to the new de-carbonization EU policies, the advancement 
in technologies and the use of medium and low enthalpy geothermal reservoirs for heating 
purposes. 

Deployment of geothermal energy is mainly based upon three sectors: Electricity production 
(not relevant to the project), district heating and cooling (some relevance to the project) and 
individual geothermal heat pump (relevant to the project). In the following only the most 
relevant are considered: 

- District heating and cooling: the sector of heating and cooling represents about 50% of 
the entire European energy needs. In this framework, medium and low enthalpy 
geothermal energy is gaining its role as a competitive renewable system, related both to 
decarbonisation policies and to low prices for the end users. Geothermal district heating 
and cooling systems are widespread around Europe and they could be potentially 
installed in all European countries. Moreover, the district heating traditional technology 
is moving towards smart thermal grids, where different technologies and renewable 
energy sources are combined, to reach higher standards of grid flexibility and a higher 
degree of security of energy supply. Both deep and shallow geothermal energy can be 
inserted within smart thermal grids, and several examples already exist. Geothermal 
sources can be directly used for district heating through heat exchangers and for district 
cooling through absorption chillers. Shallow geothermal energy can also be used in 
smart thermal grids; some notable examples are the Underground Thermal Energy 
Storage (UTES) solutions, where shallow underground is used as a seasonal storage of 
thermal energy to be used in district heating networks and the so-ŎŀƭƭŜŘ άŎƻƭŘέ ŘƛǎǘǊƛŎǘ 
heating systems, where the borehole heat exchanger or well fields are connected to 
several heat pumps and buildings through a water distribution network. Shallow 
geothermal systems are very versatile and can be adapted to almost every subsurface 
condition. The mature markets aim to develop large systems to connect buildings in 
commercial and industrial areas. 

- Individual geothermal heat pump: water-to-water heat pumps can harness shallow 
geothermal energy everywhere. The heat pumps are used for bringing the temperature 
to the required temperature set-point for the building needs (both heating and cooling). 
When using ground source heat pumps, the thermal energy design should take into 
account the annual building energy needs (MWh), the required peak loads (kW) and the 
relevant soil parameters (geothermal design parameters). The GSHP system, including 
the soil heat exchanger, should be designed for occupancy comfort (heating and cooling 
capacities are available) and long term (> 25 years) energy efficient operation. The main 
limitation consists in a potential seasonal thermal depletion of underground caused by 
the continuous working of the heat pump, which decreases the system efficiency along 
time. Ground Source Heat Pump (GSHP) projects should always look for the optimum 
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economical balance between the investment costs of the borehole heat exchangers or 
well field and the operational costs expected due to the efficiency decrease along time.  

Overview on geothermal heat pumps market in Europe 

The heat pump market, buoyed by both heating and cooling needs, continues to prosper, 
although it is still concentrated in just a few EU countries. According to E Eurobserv-er, at least 
4 million HPs were sold, all capacity ranges and technologies taken together, during 2018, 
which is a 10.5% increase on 2017 (3.6 million units sold). These figures are particularly 
representative of the residential and service sector markets (in capacities ranging from a few 
kW to more than 20 kW). The market for middle- and high-capacity HPs is much smaller (e.g.: 
fewer than a thousand industrial HPs were sold in the EU). 

About a third of this total, or just under 1.3 million units, are primarily intended to cover 
ƘŜŀǘƛƴƎ ƴŜŜŘǎΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǎǇŜŎƛŦƛŎ Ŏƻǳƴǘ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ 9It! ƛƴ ƛǘǎ ά9ǳǊƻǇŜŀƴ IŜŀǘ tǳƳǇ 
aŀǊƪŜǘ ŀƴŘ {ǘŀǘƛǎǘƛŎǎ wŜǇƻǊǘ нлмфέΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǘǿƻ-thirds are applied to cooling needs in 
warm climate countries (i.e. Italy, Spain, Portugal, South of France). This uncertainty in use 
raises statistical comparison issues between the European Union markets as the needs and 
applications differ by climate zone. 

Reversible air-air ASHPs still dominate European market sales, with 3.5 million systems sold in 
2018 according to Eurobserv-er, or just over 300 000 (9.6%) more than in 2017. Note that the 
four major markets (Italy, Spain, France and Portugal) alone account for 87.8% of the newly-
installed reversible air-air systems sold in Europe. The reasons for this concentration are the 
ŎƻǳƴǘǊƛŜǎΩ ǎƛȊŜǎ ŀƴŘ ǘƘŜƛǊ ŎƭƛƳŀǘŜǎΣ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƻƭƛƴƎ ƴŜŜŘǎ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊΦ Lǘŀƭȅ 
remains the biggest reversible air-air HP market, with 1 507 000 units sold in 2018 compared to 
1 403 000 in 2017 (7.4% growth) according to the Ministry of Economic Development. A 
particularly hot summer boosted sales on the Italian peninsula. The increase in summer 
comfort needs is also the main driver of the French, Spanish and Portuguese reversible air-air 
HP markets. 

COUNTRY 

2017 2018 

Aerother
mal HP 

Air-Air 
HP 

Air-
Water 

HP 

Aerother
mal HP 

Air-Air 
HP 

Air-Water 
HP 

Italy 1440500 1403000 37500 1550000 1507000 43000 

Spain 912378 901406 16972 942569 916879 25690 

France 501403 419703 81700 591700 498120 93580 

Portugal 145012 144141 871 156078 155438 640 

Netherlands 92465 70872 21593 106267 76933 29334 

Sweden 78355 52000 9035 80672 52000 10788 

Germany 69494 0 55994 76720 0 61720 

Belgium 55528 49190 6338 71069 64041 7028 

Finland 54141 47281 4138 67621 59395 5024 

Malta 36704 36704 0 62633 62633 0 

Denmark 41793 35504 6125 47508 39488 7855 

Slovakia 2554 306 2248 34944 31149 3773 

Czechia 20528 6750 13718 24542 7500 16977 

UK 19260 0 18935 23615 0 23615 
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Poland 16370 8280 8080 19905 9265 10630 

Austria 13865 0 13689 15157 0 14862 

Eustonia 15010 13700 1280 15010 13700 1280 

Lithuania 8819 7321 1474 11410 8750 2660 

Ireland 4457 0 4398 4457 0 4398 

Slovenia 3200 0 3200 3200 0 3200 

Hungary 1700 1700 0 2850 2850 0 

Luxembourg 88 0 88 206 0 206 

Total EU 28 3533624 3197858 301376 3908133 3505141 366260 

Table 4.1 ς Market of aerothermal heat pumps in 2017 and 218.* Estimate. Source: Eurobserv-er, 2019. 

The GSHP market also specifically addresses heating needs to a lesser extent coming in with 
87126 units sold a clear 4.9% upturn in 2018 after stabilizing its 2017 sales. The revised market 
figures for 2017 recorded 83020 units sold, almost the same as in 2016 (0.1% more). This good 
performance can firstly be put down to the momentum of the leading European GSHP market, 
Sweden. According to the SKVP (Swedish Refrigeration & Heat Pump Association), 24162 units 
were sold in 2018 (6.7% growth), while Germany, according to AGEEstat, chalked up 21137 
sales (4.6% growth). It should also be noted that the Dutch market expanded considerably (by 
34.7%). Statistics Netherlands claims that 6504 units were sold in 2018 

 

Figure 4.1 Market of geothermal (ground source) heat pumps* in 2017 and estimated values for 
2018 (number of units sold). * Hydrothermal heat pump included. Source: Eurobserv-er, 2019. 

Potential for GEO4CIVHIC technologies in Europe 

All the technologies developed within GEO4CIVHIC project fall within the sector of GSHP 
systems, but they can also be of interest within more complex smart thermal grids, or at district 
level application. 
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The main target is to develop and demonstrate more easy to install and more efficient GSHEs, 
using drilling machine innovations tailored for the built environment and developing or 
adapting HPs and other hybrid solutions for retrofits through a holistic engineering, 
construction and controls approach. This will be possible through the reduction of cost in the 
initial investment by: 

- reducing the energy required from each borehole heat exchanger by using a second 
generation of dual source heat pump, hence reducing the borehole length 

- decreasing the drilling cost by using optimised and specialized drilling machines able to 
reach the minimum depth of new borehole heat exchangers 

- decreasing the administrative costs and the times for procedures, by decreasing the 
interaction with shallow aquifers 

- decreasing the needed area of borehole heat exchanger fields, by combining GSHP with 
air-to-air heat pumps, in a unique solution dual source mode 

- decreasing the energy losses of GSHP working mode, by improving the building energy 
management, which means indirectly a less borehole length needed 

A preliminary assessment of the potential for the GEO4CIVHIC technologies in Europe can be 
done by analysing the surface geology of different countries, which influence the performance 
notably in the drilling and borehole heat exchangers technologies developed in this project. As 
well as the climate conditions since it effects the modes of performance of the dual source heat 
pump. 

The geothermal market is fragmented and differs per country with different undergrounds, 
climates and market shares. For a serious study on market potential of GEO4CIVHIC innovations 
this report adopts a country by country approach.  

In the following subchapters a detailed focus will be dedicated to the EU markets hosting the 
real demo sites of the GEO4CIVHIC project (Ireland, Belgium, Italy and Malta), and two of virtual 
demo sites (Spain and Germany) highlighting the following main points: 

- Market research  

- Potential market for the implementation of geothermal solutions in building sector 

- Geological and Climate conditions 

- Regulations in building sector for renewable energies and construction requirements. 
For the last point above the D6.1 provided a complete overview and an update of applicable 
legislation and regulation on the installation of closed loop GHEs, an updated review on the 
transposition of the regulations with regards to the EPBD and on the permitting and regulatory 
requirements in place for the retrofit and refurbishment of historical buildings in all the case 
study jurisdictions of the project. In this report we will highlight some important information of 
this document.  
 
 



GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  37 

 

4.1 Market in Ireland 

Climate condition 

As Ireland is downwind of a large ocean, it is considerably milder in winter than other locations 
at the same latitude, for example Newfoundland in Canada or Sakhalin in Russia. The Atlantic 
overturning circulation, which includes ocean currents such as the North Atlantic Current and 
Gulf Stream, releases additional heat over the Atlantic, which is then carried by the prevailing 
winds towards Ireland, giving Ireland a milder climate than other temperate oceanic climates at 
similar latitudes, for example Seattle in the United States.[10]. 

The climate of Ireland is mild, humid and changeable with abundant rainfall and a lack of 
temperature extremes. Ireland's climate is defined as a temperate oceanic climate or Cfb on 
the Köppen-Geiger climate classification system [11], a classification it shares with most of 
northwest Europe. The country receives generally warm summers and cool winters. 

 

Figure 4.2 Köppen-Geiger climate classification map for Ireland 

In general, Ireland is a temperate climate with typically warm summers and mild winters. In 
practical terms, this makes heating in the winter months a significant source of residential 
energy demand. 

Underground characteristics 

For a relatively small area, 70,000 km2 Ireland has a diverse geology. One of the most 
interesting aspects of the geology of Ireland is studying its origins. 

Irish bedrock maps show both the onshore and offshore bedrock geology Ireland. Bedrock is 
the hard, solid rock beneath surface materials such as soil and gravel. Bedrock also underlies 
sand and other sediments on the ocean floor. Bedrock is consolidated rock, this means it is solid 
and tightly bound. Overlying material is often unconsolidated rock, which is made up of loose 
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particles. Bedrock can extend hundreds of meters below the surface of the Earth, toward the 
base of Earth's crust.  

The bedrock map of Ireland shows a wide variety of rock types which have originated at 
different periods of geological time. The oldest rocks are metamorphic and are found in areas 
such as Malin Head in Co. Donegal. They originally formed as igneous rocks 1750-1780 million 
years ago. Other old metamorphic rocks include the slates that have given rise to the slate 
quarry at Valentia Island, Co. Kerry, and the quartzites that are found in Counties Donegal and 
Wicklow. Extrusive Igneous rocks, igneous rocks that have forƳŜŘ ŀōƻǾŜ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ 
are common in the north-east where the basaltic lavas have given rise to the Antrim-Derry 
ǇƭŀǘŜŀǳΦ LƴǘǊǳǎƛǾŜ ƛƎƴŜƻǳǎ ǊƻŎƪǎΣ ƛƎƴŜƻǳǎ ǊƻŎƪǎ ǘƘŀǘ ŦƻǊƳŜŘ ōŜƭƻǿ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ǎǳŎƘ ŀǎ 
granites can be seen in Counties Donegal, Armagh, Down, Wicklow and Galway. 

Sedimentary rocks are widespread. They include the Old Red Sandstones from the Devonian 
period. These are common in the 'ridge and valley' landscape that runs across much of south-
west Ireland. Limestone also covers much of the country most notably in the midlands and in 
areas such as the Burren in Co. Clareiii . 

 

 
Figure 4.3 Map of the soil regions of the Ireland (1:100,000). Source: GSI  

                                                 
iii www.gsi.ie/en-ie/geoscience-topics/geology/Pages/Geology-of-Ireland.aspx  
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4.1.1 Market development 

Shallow geothermal energy resources are favoured by the Irish climate that is dominated by 
warm and mild maritime conditions. Relatively consistent, year round soil temperatures and 
frequent rainfall keeping moisture in the ground maintains soil as an excellent conductor, 
allowing heat to move towards a thermal collector system. These conditions are particularly 
suited for closed loop systems. 

The shallow geothermal energy market in Ireland remains dominated by the installations in the 
residential sector (c. 85%) with lower uptake in the commercial and industrial processes sector 
(14% and 4% respectively) with systems of intermediate installed capacity between 10kW and 
24kW installed remain the most widespread but are experiencing a reduction in growth [12]. 

Overview of the energy consumptions in Ireland 

Figure 4.4 shows final energy split by sector. Transport continues to dominate as the largest 
energy-consuming sector, with a share of 42% in 2018. The shares of the industry and 
residential sectors have decreased since the 1990s. In 2018, industry accounted for 21% of final 
energy use and the residential sector for 23%.  

 

A) 

 

B) 

 
Figure 4.4 A) Total final energy by sector and B) % share final energy by sector. Source: SEAI  

Energy use can also be split into electricity, transport and heat. These three modes represent 
distinct energy services or markets. Where thermal or transport energy is provided by 
electricity (e.g. electric heaters or electric vehicles), this energy is counted under electricity, and 
not under thermal or transport. This means that there is no overlap and the modes can be 
added together to give total final energy use. Figure 4.5 shows final energy split by mode. 
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A) 

 

B) 

 

Figure 4.5 A) Total final energy by mode and B) % share final energy by Mode. Source: SEAI  

 

Looking at final energy split by sector, transport has by far the largest share, accounting for 42% 
The next largest sources of energy demand after electricity are households and industry. They 
accounted for 23% and 21% of final energy use respectively in 2018. Heat final energy use 
shows greater year to year fluctuations than transport or electricity.  

The Figure 4.6 (A-B) shows Primary energy peaked in 2008 and declined between 2008 and 
2014, due to the recession. Following the recovery in the economy, primary energy returned to 
growth in 2015 and 2016. It remained flat in 2017, but grew by 1.6% in 2018. 

Oil 

Oil continues to be the dominant energy source and maintained a 49% share of primary energy 
in 2018. Consumption of oil increased by 3% in 2018 but remained 22% lower than in 2005. Oil 
is mostly used for transport, followed by heating. 2018 was a slightly colder year than 2017 
which resulted in higher oil use in the residential and commercial sectors. 

Natural gas 

Natural gas is the next largest energy source and accounted for 31% of primary energy in 2018. 
Most natural gas is used for generating electricity. It accounted for 54% of energy inputs to 
electricity generation in 2018. 

Renewables 

Total renewable energy increased by 10% during 2018. Wind is by far the largest source of 
renewable energy, accounting for 55% of all renewable energy in 2018. It grew by 15% in that 
year. Renewable energy accounted for 10.0% of primary energy in 2018, up from 9.3% in 2017. 
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A) 

 

B) 

 

Figure 4.6 A) Total primary energy by fuel and B) % share primary energy by fuel. Source: SEAI  

Figure 4.7 shows the historical breakdown of renewable heat usage as a proportion of total 
final consumption of heat by fuel type. Biomass has been the largest contributor over the 
period, with solar and geothermal showing significant growth from 2006. Much of the current 
renewable energy usage occurs in the industrial sector through the combustion of biomass. In 
the services and residential sector there is much more diversity in the type of renewable fuels 
used, with solar and geothermal having a much larger role. The policy interventions through the 
Greener Homes and ReHeat schemes, the REFIT tariffs for Biomass CHP and the Building 
Regulations requirement coincided with an increase in renewable heat usage. Rising fossil fuel 
prices in this period, energy efficiency measures and the economic recession also have had an 
influence on this trend. 

 
Figure 4.7 Renewable energy share of final consumption. Source: SEAI  

Geothermal energy in Ireland 

In Ireland, use of geothermal energy is dominated by ground source heat energy together with 
heat pump technologies for heating houses, hotels, nursing homes and other business 
premises, public buildings and swimming pools, and horticulture amongst other uses. Cooling 
systems using the subsurface are used mainly in industry and offices. 

Ground source heat pump installation in 2018 show a decline in the total number of ground 
source systems installed, to approximately 150 units, representing approximately an average 
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1.2% decline from the last report in 2015iv. This growth rate could be now expected to increase 
since the introduction of financial support schemes in 2018. The total number of heat pumps 
installed in Ireland in 2018 is estimated at approximately 181,000 units, of which just under 
10% are estimated to be ground source units. The shallow geothermal energy market in Ireland 
remains dominated by the installations in the residential sector (about 85%) with lower uses in 
the commercial and industrial processes sector (14% and 4% respectively). 

In summary, geothermal heat pumps are listed as being installed in 88 locations throughout 
Ireland, providing an estimate installed capacity for ground source heat pumps at 200MWth, 
with a thermal energy produced for heating of 260.26 GWh and 10.45 GWh for cooling. 
[12],[13]. 

4.1.2 Building sector market 

¢ƘŜ ǊŜǎƛŘŜƴǘƛŀƭ ǎŜŎǘƻǊ ƛǎ ƪŜȅ ǘƻ ŘŜƭƛǾŜǊƛƴƎ ƻƴ LǊŜƭŀƴŘΩǎ ŀƳōƛǘƛƻƴǎ ǘƻ ǊŜŘǳŎŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ 
and develop an economy that is environmentally sustainable. The residential sector currently 
accounts for 27% of all energy usage in the country and emits 10.5 million tonnes of CO2 
annually. After transport, this is the single largest source of emissions in the economy and 
represents a significant proportion of the total emissions attributable to the entire building 
sector.  

Government policy is to reduce the emissions from this sector as close to zero as is technically 
and economically feasible by 2050. This does not mean that every home in the country will be 
using zero energy but rather that Irish homes must become more efficient by reducing the 
avoidable waste of energy and ensure that the energy that is utilised comes from more 
sustainable sources.  

Reducing emissions from the residential sector will partially be achieved by setting gradually 
increasing and ambitious standards for any new buildings constructed in the residential sector. 
However, these policies need to be matched by measures that can improve the efficiency of the 
existing building stock, given that it will still largely be in use by 2050. In practice, this means 
that the delivery of a near-zero emissions residential sector is dependent on gradually 
renovating the bulk of homes already constructed. Given the scale of investment required, it is 
clear that direct Government assistance will not be sufficient to deliver the ambitious goals. 
Instead, Government policy must ensure that householders are sufficiently motivated to 
undertake the improvements themselves and that the tools, mechanisms, supply chains and 
infrastructure are in place to allow householders to do this. Grasping the opportunity to 
ǳǇƎǊŀŘŜ ǘƘŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ ƻŦ LǊŜƭŀƴŘΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ ǿƛƭƭ ōŜ ƻŦ ōŜƴŜŦƛǘ ǘƻ ǘƘŜ ŜŎƻƴƻƳȅ ŀǎ ŀ 
whole. It will make Irish homes more comfortable, healthier and cost effective to run, while 
supporting employment in the domestic economy. 

Since the GSHP remain a more exclusive product for domestic homes and are more frequently 
considered in public and commercial building retrofits. This section presents a brief overview of 
the current residential housing and commercial stocks as well as an analysis of the age of the 
existing buildings. It identifies and outlines potential of GEO4CIVHIC field action. 

LǊŜƭŀƴŘΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ  

                                                 
iv Figures from the Heat Pump Association for Ireland in 2018 



GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  43 

The Census carried out by the Central Statistics Office in 2016, found that there was a total of 
2,003.645 houses and apartments in Ireland. Of these, 1,697.665 were occupied by persons 
usually resident in the State, while 9,788 were occupied by guests or visitors. Vacant holiday 
homes accounted for 62,148 housing units. The remaining 183,312 were vacant houses and 
apartments, of which 140,120 were vacant houses and 43,192 were vacant apartments.  The 
overall vacancy rate in 2016, including holiday homes, was 12.3 %. If holiday homes are 
excluded from the housing stock the vacancy rate drops to 9.4 %. Note that the housing stock 
excludes non-permanent dwellings such as caravans and mobile homes as well as 4,140 
communal establishments. 

 

Figure 4.8 LǊŜƭŀƴŘΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪΣ нллс - 2016. Source: CSO Ireland  

The efficiency improvement in the Irish residential sector is attributable to considerable falls in 
the number of homes heated by coal and peat as well as improvements in energy efficiency and 
the growth in gas as a home heating fuel.  

It is also worth noting that the continued decarbonisation of electricity and the introduction of 
more efficient generating stations has had an impact upon emissions, as although gross 
electricity demand from households doubled from 1990 to 2011, the associated emissions 
increased by only 9% over the same period. Despite this reduction in energy usage, Irish homes 
are generally considered to be relatively energy inefficient in comparison to many of European 
neighboursv. 

This is partially as a result of a legacy of no thermal performance standards prior to the 
introduction of Building Regulations in 1979. Nearly half of the current housing stock was 
completed prior to the introduction of Building Regulations and would have been subject to 
less demanding Local Authority Bye Laws or draft regulations, where they were applied. In 
addition, a large proportion of Irish homes are one-off, rural detached houses. These houses 
tend to be larger than the average European home, have a greater number of rooms and be off 
the gas grid 

The European Housing Review of 2007 found that Ireland has the youngest dwelling stock in 
the EU. However, a significant proportion remains dated. Nearly one third of the current 
housing stock was completed before 1970 and only approximately a quarter dates from 2001 
onwards. The table below illustrates the age bands of the Irish residential housing stock. 

                                                 
v www.seai.ie/Publications 
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Figure 4.9 Age bands of Irish housing stock. Source: SEAI 

Since the first mandatory Building Regulations that explicitly addressed conservation of fuel and 
energy in buildings were issued in 1992 and some 58% of residential dwellings date from before 
this time, the data indicates that there is likely to be significant potential in the residential 
sector for major renovation works. 

IǊŜƭŀƴŘΩǎ public and commercial building stock  

There are more than10,000 buildings in the public sector. Around half of these buildings are in 
the education sector, with the vast majority being primary schools. The remainder of the public 
building stock is comprised of approximately 3,000 offices and a further 2,000 health care 
facilities. [14] 

The commercial buildings stock was derived in terms of the five building activity types: Office, 
Retail, Restaurant/public house, Warehouse and Hotel. All buildings with a gross floor area over 
1,000 m2 were classified as Large; the remainder were classified as Small. The resulting Irish 
commercial buildings stock is presented in Figure 4.10. The total number of commercial 
buildings is estimated to be around 109,000, of which 82,000 are categorised as either Retail or 
Office. [15] 

 
Figure 4.10 Ireland commercial building stock. Source: SEAI 

The year of construction of each building was estimated and assigned to one of four date 
ranges. As shown in Figure 4.11, more than half of the buildings surveyed were assigned to the 
range 1919ς1992. Buildings constructed before 1919 made up just over 10% of the surveyed 
buildings. It is notable that the warehouse sector contains the largest share of post-2006 
buildings, and the lowest share of pre-1919 buildings. The variation in the age profile of 
buildings across the other activity types is relatively weak. 
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Figure 4.11 Age bands of Irish housing stock. Source: SEAI 

Almost half (49%) of buildings having heating only (no cooling), with natural ventilation. The 
highest share of heating and cooling was observed in restaurants/public houses (32%) and retail 
buildings (29%), and those building types also showed the highest incidence of mechanical 
ventilation. 68% of warehouses were identified as unheated. 

Renovation of the building stock 

Within energy efficiency the two most important measures are renovating buildings so that 
they require less energy to heat and light and changing consumer behaviour to prioritise energy 
saving. Promoting both of these measures will deliver many benefits across the entire 
economy. Some of these benefits will flow to those undertaking the works while others accrue 
to the economy as a whole. This section gives a broad overview of the potential benefits that 
the large scale renovation of buildings could deliver and underpins the rationale for 
implementing a national strategy on renovation. 

Regulation has a critical role to play in building capacity, particularly in the supply chain and 
among larger energy users. It is also an important tool for realising the multiple benefits of 
energy efficiency such as increased productivity, reducing energy poverty and tackling energy 
poverty.  

New Buildings: 

The EPBD requires that all new buildings should be Near Zero Energy Buildings by 31st 
December 2020 and all buildings acquired by public bodies by 31st December 2018. 

Existing Buildings: 

The EPBD also requires that any existing building undergoing major renovation is required to be 
brought up to cost optimal level for energy performance. Irish building regulations for non-
domestic building are in force since 2017 with EPBD compliance effective from January 2019. 
For domestic regulation these are in place since 2019 and effective from November 2019. 

Fabric first then fuel switching ς enabling renewable and cost effective deep renovation 

This is a fundamentally important principle for renovation policy in Ireland. To successfully 
replace fossil fuels with less energy intensive renewable technologies, maintain levels of 
comfort and allow consumers to save money, it is essential that building fabric is also upgraded 
to the best possible standard. The key measures in this regard are: 

- The Deep Retrofit Pilot scheme a pilot scheme running from 2017-20, funding deep 
fabric upgrades and switching from fossil fuel to a minimum A3 BER 
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- Introducing heat pumps and increased insulation grants to the existing Better Energy 
Programme 

- Deeper retrofit in the public sector, on a pilot basis in central government and schools 
2017-18, to establish replicable procurement and works packages. 

In Ireland energy efficiency renovation actions are designed to support energy efficiency 
upgrades to houses built before 2006. Building regulations introduced from that date are 
sufficient from an energy efficiency perspective. The key objective for the residential sector is 
to motivate uptake of deeper energy efficiency measures in support of the greater deployment 
of low carbon heating technologies, while gathering data on the multiple benefits, particularly 
for health impacts. 

4.1.3 Regulations 

In this section we describe some basic ideas about Irish regulation and policies that cover 
shallow geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Ireland, 

- Geothermal energy is not defined in any specific legislation or statutory instrument.  

- Geothermal Development Bill in 2010 suggested that shallow geothermal energy maybe 
defined at depths shallower than 400m (this is not a legal definition). 

- Regulations are only applicable in the case of open loop system at a national scale with 
no licensing and permitting procedure in place for closed loop ground source system.  

In terms of Building and heating & cooling systems,  

- According to the Planning and Development Act 2000, the historical buildings are 
protected; consequently some restrictions are applicable to elements including the 
structure itself, its interior and the land within its curtilage and other structures within 
that curtilage. All works which would materially affect the character of a protected 
structure, or a proposed protected structure, will require planning permission. 

- The building regulations for dwellings define geothermal as a renewable energy source. 
A minimum contribution of 10 kWh/m2/annum contributing to energy use for domestic 
applications. 

- Regulation for other buildings than dwellings the EPBD recast establishes requirements 
for new buildings to achieve NZEB and building s undergoing major renovations meet 
thermal performance requirements as much as possible.  

- The implementation of works to improve energy building efficiency should be given 
careful consideration and adequate consultation with a conservation architect sought. 

In terms of Renewable, 

- The Energy White Paper 2015-2020 identified geothermal energy, heat pumps and 
district heating as technologies for addressing the heat energy demand in Ireland and 
meeting renewable energy targets. 

- The Initial Public Consultation National Energy & Climate Plan (NECP) (renewable targets 
2021-2030) makes reference to the use of geothermal energy and ground source heat 
pumps for heating & cooling applications in 4 different scenarios. These scenarios 
suggest an increase in the use of heat pumps between 8 to 10 times the contributions of 
energy generated by source from the 2017 levels could be possible. 
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4.2 Market in Belgium 

Climate condition 

According to the Köppen-Geiger climate system Belgium (Figure 4.12) has a moderate sea 
climate (Type Cfb) with relatively mild winters, mild summers and precipitation all year round. 
The average temperature is 3°C in January, and 18 C in July. Belgium usually has cool winters 
but temperatures as low as -16°C have been registered and summers are comfortably warm but 
temperatures can occasionally rise as high as 30 C [11]. 

Belgium has this type of climate because of the influence of the North Sea. During the summer 
the seŀ ǿŀǘŜǊ Ƙŀǎ ŀ ŎƻƻƭƛƴƎ ŜŦŦŜŎǘ ƻƴ .ŜƭƎƛǳƳΩǎ ǿŜŀǘƘŜǊΤ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘƻƴΩǘ 
drop too much unless there is a strong easterly current. 

 

Figure 4.12 Köppen-Geiger climate classification map for Belgium. 

Underground characteristics 

Despite the small size of its territory (ca. 30,500 km²), Belgium shows a rich geology, 
encompassing various lithologies and covering a large part of the geological timescale, from 
Early Palaeozoic to Holocene.  

Figure 4.13 presents the geology of Belgium [16]. Excepting the quaternary cover, rocks 
outcropping in Belgium can broadly be divided into two large areas. The northern part of the 
country mainly exhibits Cenozoic deposits consisting of predominantly marine and 
unconsolidated sediments. They may reach a thickness of several hundreds of meters. 
Sediment accumulation in this area resulted from relative sea-level fluctuations and migration 
of the sea to the North/North-West.  

The situation in southern Belgium is completely different as consolidated Palaeozoic rocks 
dominate over large areas. These rocks have been subjected to strong deformation at the end 
of Carboniferous. Cenozoic deposits are rather poorly represented.  

https://en.wikipedia.org/wiki/Celsius
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Figure 4.13 Geological map of Belgium. Source SGB 

4.2.1 Market development 

Recently, a clear revival can be observed for shallow geothermal systems compared to the last 
country updates. In Flanders this is mainly due to the tightening of the E-level and the 
obligation to produce renewable energy. This is also encouraged in the Brussels area. As a 
result, there is a boost in the use of heat pumps. Although air/water systems have the upper 
hand, more and more geothermal heat pumps are being installed. 

Every type of geothermal system is installed, both open and closed, superficial and deeper, with 
water or air as energy transport medium. This is mainly caused by the very diverse geological 
structure with big local differences and rapid succession of different sediments. The largest 
differences manifest themselves between the North (Flanders) and the South (Wallonia) of the 
country with mostly sand/clay in Flanders and Brussels versus schist/sandstone/limestone in 
Wallonia. 

Price-wise, a geothermal project will be more feasible in the North of the country. Partly 
because of this, the development of geothermal projects takes place at two speeds, with a 
clearly larger market and growth in Flanders and Brussels. Also, the regional governments have 
an impact on geothermal progress. Belgium has three administrative regions, each with its own 
and mutually very different licensing policy. There are also important regional differences in the 
stimulation of the building sector in the use of renewable energy systems. After a hesitation in 
the elaboration of shallow geothermal energy systems in Belgium between 2014 and 2017, a 
clear revival can now be observed. In Flanders this is mainly due to the tightening of the E-
levelvi and the obligation to produce at least 15 kWh/m2 renewable energy. This is also 

                                                 
vi The E-level is the level of global energy performance. It is the annual primary energy consumption divided by a reference consumption. The 

reference consumption for residential buildings is a regression formula based on the consumption of a set of buildings with reference 
measures in 2006.This level was set at E100. For non-residential buildings, the reference consumption is calculated on the same building 
geometry with a set of reference measures. 



GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  49 

encouraged in Brussels where passive construction has been mandatory since 2015 with an 
obliged heat demand not exceeding 15 kWh/m2. As a result, there is a boost in the use of heat 
pumps. Although air/water systems have the upper hand, more and more geothermal heat 
pumps are being installed. In 2018, the price ratio of gas/electricity is unfavourable to realize 
large savings and short payback times, this still has an inhibitory effect. Nevertheless, 
geothermal systems can attract more and more individuals/companies because of their low 
visual impact and lower noise levels. An even more important asset is the possibility of passive 
cooling, not an unnecessary luxury in a very well insulated building in Belgian climate [17]. 

Overview of the energy consumptions in Belgium 

The final energy consumption by major sector over the period 2006-2017 is shown in Figure 
4.14. The main energy consumer is industry, but its share is lightly diminishing. It is followed by 
the transport and residential sectors.  

The shares of the industry, transport and residential sectors have decreased slightly since 2016. 
In 2017, industry accounted for 27% of final energy use, transport with 22% and the residential 
sector for 20%. 

A) 

 

B) 

 

 

Figure 4.14 A) Total final energy by sector and B) % share final energy by sector. Source: IEA 

The final energy consumption split by source over the period 2006-2017 is shown in Figure 
4.15. Oil products are still the dominant fuel for space heating in Belgium (even if we perceive it 
is lightly diminishing in 2017) followed by natural gas and electricity. 

The share of the oil products has decreased since 2016. In 2017, oil products sources accounted 
for 48% of final energy use, natural gas in contrary has risen in 2017 with 26% and the 
electricity presents a steady behaviour with 17%. 
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A) 

 

B) 

 

Figure 4.15 a) Total final consumption by source and b) % share total final consumption by source. 
Source: IEA  

Figure 4.16 shows the generation by sources in Belgium, Despite of Natural gas has decreased 
significantly over the last eight years it is still a source predominant of heat generator. Natural 
gas represents more than 50% of the total sources of heat generators,  

A) 

 

B) 

 

 

 

Figure 4.16 a) Heat generation by source and b) % share heat generation by source in 2018. Source: 
IEA  
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Geothermal energy in Belgium 

As we observed previously the contribution of geothermal energy in Belgium is still low and this 
is much more evident if we compare with other non-renewable sources of energy. 

Figure 4.17 shows heat generation from renewable and waste sources. Industrial waste (46%) is 
still prevailing as a head among renewable and waste sources of heat. Geothermal represents 
the 5% of share heat generation. 

A) 

 

 

B) 

 

 

 

 

Figure 4.17 A) Heat generation from renewable and waste by source and B) % share heat generation 
from renewable and waste by source. Source: IEA 

4.2.2 Building sector market 

On 1st January 2019, there were 4,552,745 buildings in Belgium. Since 1995, the number of 
buildings in Belgium has risen by 14 %. The number of dwellings rose over the same period by 
24.4 % to 5,514,939. The Flemish Region registers 26.1 % more dwellings and 14.9 % more 
buildings. In the Walloon Region, there are 24.3 % more dwellings and 14.4 % more buildings. 
While the increase in the number of buildings is less significant in the Brussels-Capital Region 
(1 %) than in the two other regions, the number of dwellings has increased by 16.4 %. The age 
of the buildings varies greatly from region to region. In Flanders, 31.7 % of the buildings were 
built after 1981, compared to 21 % in Wallonia and only 6.6 % in the Brussels-Capital Regionvii. 

.ŜƭƎƛǳƳΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ 

In general, we see a decrease in the percentage of old buildings (built before 1945): 33% in 
1994/1995 compared to 24% in 2005. A large part of this evolution can be explained by the 
increase of the total number of residences, due to new construction. Between 1991 and 2001, 

                                                 
vii StatBel- Belgium in figures: https://statbel.fgov.be 
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around 290.000 new houses were constructed in Flanders. Roughly speaking, this means that 
for Belgium, between 1991 and 2000 almost three quarters of all newly built houses were 
constructed in Flanders [18] 

Table 4.2 presents the age of the building stock for the three region of Belgium.  

 

Table 4.2 ς Building age in percentage and absolute numbers. Source SEE 2001 

The total building stock is relatively young in the Flanders, Region, compared to the building 
stock of the Walloon and Brussels Region. As for renovation the situation was the inverse, with 
around 10% of the Walloon and Brussels building stock having been renovated in the period 
1981-1990. During the period 1991-2000 Flanders seems to catch up with 9,8% of houses 
having been renovated, compared to 6,4% in 1991. Belgium, and Flanders, do not show a 
homogeneous spread of building ages, rather there is a clear pattern following geographical 
and historical trends.  

Renovation of the building stock 

The Belgian market for home energy efficiency renovation is characterized by a relatively high 
potential demand, a fragmented landscape of actors and decreasing incentives from the 
government. 

The market potential is fuelled by the combination of: 

- IƛƎƘ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǊŜǎƛŘŜƴǘƛŀƭ ōǳƛƭŘƛƴƎǎ όто҈ ƻŦ ōǳƛƭŘƛƴƎΩǎ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ 
demand) 

- The previous absence of strict construction standards in terms of energy efficiency: only 
41% of Belgian homes have wall insulation, 36% have full double-glazed windows, 58% 
have roof insulation 

- High home ownership rate of 70% 

The renovation market is fragmented and dominated by small firms mainly active in the 
installation and maintenance, while large corporations supply the different components. 

- 9ƴŜǊƎȅ ǇǊƻǾƛŘŜǊǎ ŘƻƴΩǘ Ǉƭŀȅ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǘƘŜ ǊŜƴƻǾŀǘƛƻƴ ƳŀǊƪŜǘΣ ǘƘŜȅ Ƴŀƛƴƭȅ ǇǊƻǾƛŘŜ 
general information to their customers. They are more active in the heating systems 
market, by certifying enterprises for installation and maintenance of heating systems or 
offering maintenance contracts. 

- The government plays a major role in this market especially through incentives and 
energy performance regulations. The aim is to structure the renovation market and to 
encourage investment from landlords and companies. 



GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  53 

As far as the legal context is concerned, efforts to improve the energy efficiency of buildings 
focus primarily on implementing the EU Directive on the Energy Performance of Buildings, 
strengthening building code standards and increasing monitoring and enforcement. Moreover, 
financial incentives have been introduced by the government of each of the three Belgian 
regions. However there is a trend in decreasing and reviewing these schemes towards more 
efficient ones, adding to the lack of clarity and visibility from the customer point of view. 

4.2.3 Regulations 

This section describes shortly some basic ideas about Belgium regulation and policies that cover 
shallow geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Belgium, 

- Shallow geothermal is defined as the energy used for HSHEs up to depth of 500m 
(Flemish environmental legislation). 

- Drilling permits are not required in the case of closed loop collector systems. 

- Drilling and completion of GHEs are prohibited within the groundwater protection zones 
and public drinking water supplies. 

In terms of Building and heating & cooling systems,  

- Building and renovation works in Flanders are licensed under and Integrated 
Environmental Permit. 

- For general refurbishment works, planning permission is not required. 

- No specific regulations are provided in the case of historical buildings but the renovation 
is expected to require permission and the involvement of a specialist conservation 
architect. 

- EPBD sets out minimum requirements for energy efficiency in buildings and the 
potential contribution from heat pumps of 85% in domestic buildings for hot water 
demand or up to 10 kWh/m2/yr from renewables in non-domestic buildings. 

In terms of Renewable, 

- No specific policies on renewables or GHSP system were available at the time of the 
assessment. 

- Financial incentives in the Flemish region are for heat pumps in the residential sector for 
heating only applications 
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4.3 Market in Italy 

Climate condition 

Italy has a variety of climate systems [11] (See Figure 4.18). The inland northern areas of Italy 
(for example Turin, Milan, and Bologna) have a relatively cool, mid-latitude version of the 
Humid subtropical climate (Köppen climate classification Cfa), while the coastal areas of Liguria 
and the peninsula south of Florence generally fit the Mediterranean climate profile (Köppen 
climate classification Csa). Between the north and south there can be a considerable difference 
ƛƴ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀōƻǾŜ ŀƭƭ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊΥ ƛƴ ǎƻƳŜ ǿƛƴǘŜǊ Řŀȅǎ ƛǘ Ŏŀƴ ōŜ ҍн ϲ/ ŀƴŘ ǎƴƻǿƛƴƎ ƛƴ 
Milan, while it is 8 °C in Rome and 20 °C in Palermo. Temperature differences are less extreme 
in the summer. 

 

Figure 4.18 Köppen-Geiger climate classification map for Italy  

Underground characteristics 

Figure 4.19 determines only classes EC8- A, B and C, that can be considered a proxy of rock, stiff 
and soft soils. Class A sites are prevalently igneous, metamorphic and limestone rocks in the 
Alps, limestone in the Apennines and Sicily and igneous rocks in Sardinia. Class B is the most 
widespread soil type, by definition, and includes soft rocks such as marly limestones, 
sandstones and marly sandstones and volcanic tuff. Class C has been attributed to alluvial 
deposits, such as the Po plain, in Northern Italy, smaller plains in central Italy and close shaped 
inter-mountain basins. 
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Figure 4.19 Map of the soil regions of the Italy. Source: EGDI 

4.3.1 Market development 

In order to understand the potential of the market for GSHP in Italy, a focus on energy demand 
and consumption and on the market of building sector and its regulations should be provided. 

Overview of the energy consumptions in Italy 

The final energy consumption by major sector over the period 2006-2017 is shown in Figure 
4.20. The main energy consumer is transport, but its share is diminishing. It is closely followed 
by residential sector and more behind for the industry.  

The residential and industry sectors have the highest shares after the transportation sector 
with a 28% and 21%, respectively. 
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A) 

 

B) 

 

 

Figure 4.20 A) Total final energy by sector and B) % share final energy by sector. Source: IEA 

The final energy consumption split by source over the period 2006-2017 is shown in Figure 
4.21. Oil products are still the biggest energy source in Italy (even if we perceive it is diminishing 
from 2006 to 2017) followed by natural gas and electricity. 

The share of the oil products has decreased significantly getting to 38% of final energy usage in 
2017 , natural gas with 29% and the electricity presents a steady behaviour with 21%. 

A) 

 

B) 

 

 

 

Figure 4.21 A) Total final consumption by source and B) % share total final consumption by source. 
Source: IEA  
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Figure 4.22 shows the heat generation by type of sources in Italy, Natural gas in increasing from 
2006 and sustained a high increase in 2017. Over most the 10 years it is still the predominant 
source of heat generation, representing 65%% of the total fuel sources for heat generation, 
with biofuels and oil comprising only 16% and 14%, respectively.  

A) 

 

B) 

 

 

 

Figure 4.22 A) Heat generation by source and B) % share heat generation by source in 2018. Source: 
IEA  

Geothermal energy in Italy 

The contribution of geothermal energy in Italy is still very low and represents only 0.4% of the 
heat generation (see Figure 4.22). This is much more evident when compared to other non-
renewable sources of energy. Figure 4.23 shows heat generation from renewable and waste 
sources. Primary solid fuels have increased abruptly since 2009 to 2014 and represents 66% in 
2018. Geothermal energy represents barely a 2% of the total followed by biogas and liquid 
biofuels with 26% and 5%, respectively.  

A) 

 

B) 

 

 
Figure 4.23 A) Heat generation from renewable and waste by source and B) % share heat generation 

from renewable and waste by source. Source: IEA 
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In Italy, geothermal resources are used for both electricity generation and direct use. Power 
Ǉƭŀƴǘǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ¢ǳǎŎŀƴȅ ƛƴ ǘƘŜ ǘǿƻ άƘƛǎǘƻǊƛŎŀƭέ ŀǊŜŀǎ ƻŦ [ŀǊŘŜǊŜƭƭƻ-Travale and Mount 
Amiata. Direct geothermal use is widespread over the whole of Italy.  

The main sectors using geothermal energy are space heating (42% of total energy use) and 
thermal balneology (32% of total energy use). Fish farming is third with 18%. Ground-source 
heat pumps (GSHPs) constitute the main technology to exploit and deliver geothermal heat, 
they account for 38% of the total installed capacity and some 30% in terms of energy. District 
heating system represent about 8% of the total geothermal heat utilization (863 TJ/yr) with a 
total installed capacity of about 150 MW. The main systems are in the Tuscany Region near the 
geothermal electric power production areas. The other main areas of Italian direct geothermal 
use applications are Ferrara and Milano [19]. 

The table below provides information on geothermal energy use for Italy. Official electricity dta 
are for 2018, direct use data for 2017. 

 

Table 4.3 ς Geothermal energy use for Italy. Source: IEAviii  

4.3.2 Building sector market 

In 2011, Italian building stock comprises 14.5 million buildings, of which 84 % are residential. 
More than 60 % of residential buildings were built before 1976, i.e. before the introduction of 
the first law on energy saving. The annual final energy use of the civil sector covers about 43 % 
of national overall energy use. The energy-saving potential of Italian building stock is therefore 
significant, and mostly achievable through energy refurbishment measures with low payback 
periods.  

The Italian Strategy for the Energy Refurbishment of the National Building Stock provides an 
energy refurbishment scenario which takes into account current minimum energy performance 
requirements for the building envelope and technical building systems, technical feasibility and 
a favourable cost-benefit ratio [20]. 

 

                                                 
viii IEA Geothermal 2019 Italy report 

https://www.mise.gov.it/images/stories/documenti/STREPIN_13_11_2015.pdf
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LǘŀƭȅΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ 

In terms of number of buildings residential buildings account for 84%, non-residential are 11% 
and there are also a share of non-occupied buildings (5%). In Italy new buildings represent 
28,8% of the construction market, while renewable energy sources (RES) 4,3%; the largest 
share (66,9%) is the refurbishment of the existing building stock. The energy efficiency 
measures are carried out mainly when there is a failure or upgrade of the technical systems or 
the owners want to take advantage of government incentives. In fact, incentives for energy-
saving measures have resulted in single interventions rather than a whole building approachix. 

As a result, the existing building stock is quite old with poor energy performances. In Figure 
4.24 data for the residential building stock show that 57% of the buildings were built before 
1970, 29% of the buildings were built between 1971 and 1991, and 14% of the buildings were 
built after 1991. For non-residential buildings data are scarce, estimates suggest that 53% of 
office buildings were built before 1971, 23% between 1972 and 1991, 25% after 1992. The 
educational building stock consists of older buildings: 90% were built before 1971, 4% between 
1972 and 1991, 6% after 1992 [21]. 

 

 

Figure 4.24 Residential buildings per age of construction. Source ISTAT 2011 

The building stock is a great opportunity for the energy issue, since could be exploited within 
the threefold strategy: 

- reduction of energy demand (energy efficiency): energy renovation of the existing 
building stock and new buildings as nZEB; 

- optimization of energy generation and management: buildings are small distributed and 
deferrable energy consumers (unlike industrial processes);  

- use of low carbon energy source (renewables): RES could be integrated on the buildings 
and produced energy directly used.  

                                                 
ix ENEA, 2013 
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New dwellings built in 2009 consumed 30% to 60% less than dwellings built in 1990x and by 
нлнм ŀƭƭ ƴŜǿ ōǳƛƭŘƛƴƎǎ ǿƛƭƭ ōŜ άƴŜŀǊƭȅ ȊŜǊƻ-ŜƴŜǊƎȅ ōǳƛƭŘƛƴƎǎέΣ ǘƘŀƴƪǎ ǘƻ ǘƘŜ 9ƴŜǊƎȅ tŜǊŦƻǊƳŀƴŎŜ 
of Buildings Directive (2010/31/EU). However, it should be noted that most EU countries extend 
their dwelling stock by less than 1% per year, so the impact of the new energy-efficient 
buildings is limited and policies to regulate the energy performance of new buildings are not 
sufficient.  

Renovation of the building stock 

The construction sector was significantly impacted by the economic crisis, recording a sharp fall 
in both investments and new building/renovation projects during the period 2007- 2013. 
However, during the last quarter of 2014 and in early 2015, the market appeared to show signs 
of recovery, especially in the sector for renovations of existing building stock. More than 70 % 
of the existing building stock was constructed pre-1980s, before specific energy efficiency 
requirements applied. Considering that the average lifespan of a building is estimated to be 
about 60 years and that energy bills represent an increasingly significant share of the costs, the 
number of energy-efficient and major renovations carried out on existing buildings can be 
expected to growxi. 

Energy efficiency renovation of buildings is a priority for Italy. Energy saving potential is wide 
and often achievable through interventions characterised by a short payback period.  

4.3.3 Regulations 

This section summarises shortly basic ideas about Italian regulation and policies that cover 
shallow geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Italy, 

- Shallow geothermal is defined as smaller local utilizations from warm aquifers or 
through the use of GHEs to a maximum depth of 400m and where the installed capacity 
does not exceed 2MWth. 

- Based on regional regulatory, small GHSP systems using GHEs up to a depth of 150m 
should not be subject to provincial regulations and permitting (it is done at municipal 
scale) 

- The closed GHEs are regulated by R.R. 41, a specific permit or concession is not 
required. However, a registration process is required where specific requirements for 
the completion of the GHEs may be imposed in line with groundwater protection 
regulations.  

In terms of Building and heating & cooling systems,  

- No specific targets are set for the use of GSHP in the current transposition of the EPDB. 
As part of this, the following requirements are reported: i) 50% for Domestic Hot Water, 
50% of Total Energy Demand for new residential buildings, new non-domestic buildings 
and retrofit and ii) 55% of Total Energy Demand for public sector buildings  

In terms of Renewable, 

                                                 
x Odyssee, 2012 
xi Italian Energy Efficiency Action plan 2017 https://ec.europa.eu/energy/sites/ener/files/documents/it_neeap_2017_en.pdf 

https://ec.europa.eu/energy/sites/ener/files/documents/it_neeap_2017_en.pdf


GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  61 

- The use of GSHP systems and low temperature geothermal resources is widely discussed 
throughout the regional energy plan, however no specific targets are set with regard to 
future deployment. 

- Financial incentives for the renovation of residential buildings in Italy include 65% tax 
credit for energy efficiency improvements in existing buildings on the investment costs 
in ten years.  
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4.4 Market in Malta 

Malta is an archipelago in the central Mediterranean (in its eastern basin), some 80 km from 
southern Italy across the Malta Channel. The archipelago is located on the African tectonic 
plate.  

Climate condition 

Under the Köppen Climate Classification climate classification, "dry-summer subtropical" 
climates are often referred to as "Mediterranean". This climate zone has an average 
temperature above 10°C in their warmest months, and an average in the coldest between 18 to 
-3°C. Many of the regions with Mediterranean climates have relatively mild winters and very 
warm summers. The Köppen Climate Classification subtype for this climate is "Csa". 
(Mediterran Climate). 

The average temperature for the year in Valletta is 18.9°C. The warmest month, on average, is 
July with an average temperature of 26.1°C. The coolest month on average is January, with an 
average temperature of 12.2°C. The highest recorded temperature in Valletta is 42.8°C, which 
was recorded in July. The lowest recorded temperature in Valletta is 1.1°C, which was recorded 
in February. 

Underground characteristics 

The bedrock geology of the Maltese Islands consists of relatively young sedimentary strata 
originally deposited as marine sediments about 30 to 5 million years ago during the Oligocene 
and Miocene epochs. The resultant rock sequence consists of five formations laid on top of 
each other. In some areas, the bedrock is covered by relatively thin Quaternary deposits 
consisting of terrestrial aeolian and alluvial sediments that were deposited following the uplift 
and emergence of the sequence. 

 
Figure 4.25 Map of the soil regions of the Malta (1:100,000). Source Esri, HERE, Garmin, USGS, NGA  

https://en.wikipedia.org/wiki/Archipelago
https://en.wikipedia.org/wiki/Mediterranean
https://en.wikipedia.org/wiki/Eastern_Mediterranean
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/Malta_Channel
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The Globigerina Limestone Formation is the predominant bedrock in the central and south 
eastern parts of the island of Malta while the northern and north western parts are 
characterised by outcrops of the Blue Clay and the Upper Coralline Limestone Formations. The 
surface geology of Gozo is more varied with the Blue Clay Formation being a prominent 
outcrop. 

4.4.1 Market development 

Malta can partly provide itself with self-produced energy. The total production of all electric 
energy producing facilities is 813 m kWh. That is 38% of the countries own usage. The rest of 
the needed energy is imported from foreign countries. Along with pure consumptions the 
production, imports and exports play an important role. Other energy sources such as natural 
gas or crude oil are also used. 

Overview of the energy consumptions in Malta 

The final energy consumption by major sector over the period 2006-2017 is shown in Figure 
4.26. The main energy consumer is transport, and its share is lightly increasing. It is followed by 
commercial public services, residential and industry sectors.  

The share of transport is considerably high; it is followed by Commercial, residential and 
industry sectors with 25%, 18% and 11%, respectively.  

A) 

 

B) 

 

 

 

Figure 4.26 a) Total final energy by sector and b) % share final energy by sector. Source: IEA 

The final energy consumption split by source over the period 2006-2017 is shown Figure 4.27. 
Oil products are still the biggest energy source in Belgium followed by electricity. 

The share of the oil products has increased and it is increasing since 2012. In 2017, oil products 
sources accounted for more than the half of final energy use, electricity presented a slightly 
increasing in the past 5 years, in 2017 the share is 41%.  
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A) 

 

B) 

 

 

 

 

Figure 4.27 a) Total final consumption by source and b) % share total final consumption by source. 
Source: IEA  

Usage of renewable energies 

Renewable energies include wind, solar, biomass and geothermal energy sources. Since it is not 
possible to clearly determine the amount of generated energy, all energies from hydropower 
are displayed separately. In 2016, renewable energies accounted for around 8.9% percent of 
actual total consumption in Malta. The following Figure 4.28 shows the percentage share from 
2012 to 2016: This share identifies the share of renewable in the total final energy consumption 
excluding traditional uses of bio energy. The figure corresponds to the datasets released in May 
2019 in the context of the annual progress report for tracking the SDGs. 

 

Figure 4.28 Renewable energy share of final consumption. Source: IEA  
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4.4.2 Building sector market 

In 2011, the dwelling stock in Malta totals 223,850 units, ranging from single-family houses 
such as terraced houses/townhouses, to apartment blocks comprising units such as flats, 
maisonettes and penthouses. 

The total number of occupied dwellings totals 152,770 units, equivalent to 68.2% of the total 
dwelling units. A substantial portion (31.8%) of dwelling units is unoccupied property that is 
either used as seasonal or secondary use, or else completely vacant. Whereas great potential 
(in terms of number of units) exists in terms of renovating such buildings, especially those 
which are completely vacant, the reasons why these are vacant are multiple, and most of the 
time due to reasons other than just of a financial nature. Notwithstanding recent interest in 
renovating a number of these buildings (mostly in a historic areas) and a number of 
government schemes purposely created to incentivise their use, no comprehensive information 
that takes stock of the quality of these vacant dwellings and quantifiably describes the issues 
that prohibit them from being readily available on the market is available. For this reason, in 
this report only the portion of dwellings which is continuously occupied is being considered 
[22]. 

Continuously occupied dwellings, single-family buildings, comprising terraced houses, 
townhouses, semi and fully detached houses, farmhouses and other typologies correspond to 
41.7% of the total number of occupied dwellings. The balance, 58.3%, makes up the share of 
dwellings being multi-family buildings, comprising flats, maisonettes and penthouses. Table 4.4 
shows the distribution of residential buildings by building type. 

 

Table 4.4 ς Distribution of residential buildings. Source NSOCxii 

aŀƭǘŀΩǎ ƘƻǳǎƛƴƎ ǎǘƻŎƪ  

In terms of age distribution, notwithstanding the recent increase in number of new multi-family 
houses, replacing single-family houses, the bulk of the national Maltese residential stock is 
generally quite old. This is especially true for buildings of the single-family typology, given that 
current industry trends show that new buildings are predominantly of the multi-family building 
type, whereas given cost implications and the limited space available the number of new single 

                                                 
xii  National Statistics Office Census, 2011 
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family houses is comparatively very small. Table 4.5 and Table 4.6 show the distribution of 
buildings by age band for single-family houses and multi-family buildings. 

 

Table 4.5 ς Distribution of buildings by age for single families. 

 

Table 4.6 ς Distribution of buildings by age for multifamily. 

Renovation of the building stock 

Existing residential buildings have the potential of becoming very energy-efficient buildings, 
possibly also energy-neutral buildings or even net energy exporters. However it is important to 
stress the fact that such cost-optimal levels can only be reached if the right conditions exists. 
Specifically, such low cost-optimal values are tied with the possibility of buildings making use of 
renewable sources of energy 

The first minimum energy performance requirements, introduced in 2006 following the 
issuance of Directive 2002/91/EC, attempted to address the energy performance of existing 
buildings by ensuring that all buildings undergoing major renovations were subject to the 
elemental values as well as system and overheating requirements applicable for new buildings. 
To enable effective enforcement, major renovations were defined in Legal Notice 376 of 2012, 
ǘƻ ǊŜƭŀǘŜ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǇƘȅǎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¢ƘŜ ǳǇŘŀǘŜŘ ƳƛƴƛƳǳƳ 
requirements, which came into force in 2016, further address minor renovations, staged 
renovations, and the replacement of building components. When a building component is 
replaced in an existing building, the requirements for the replaced component are the same as 
for a new building. An overall energy performance requirement was also introduced for 
buildings undergoing major renovations so that the maximum energy demand of the newly 
renovated building has been limited. A common methodology applies for the calculation of the 
overall energy balance required for minimum energy performance and the calculation of the 
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energy performance indicator for EPCs. This simplifies calculation, comparison between 
buildings and enforcement of the requirements. When assessors issue EPCs, they are required 
to report the date of any renovations carried out. This simplifies the enforcement of energy 
performance requirements for both minor and major renovations. 

4.4.3 Regulations 

This section present basic ideas about Malta regulation and policies that cover shallow 
geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Malta, 

- Geothermal energy is defined but no specific definition for the shallow geothermal 
energy resources is given in the legislation. 

- A two stage permitting process is applicable in case of study site. An initial application 
for the works of the GHE. This is applicable to open and closed loop heat exchangers 
(and any other borehole).  The application includes a non-ǊŜŦǳƴŘŀōƭŜ ŦŜŜ ƻŦ ϵнол ŀƴŘ 
must include a minimum of the following items: i) details of the applicant; ii) full 
technical details and ii) details of the purposes for the construction of the borehole. 

In terms of Building and heating & cooling systems,  

- Regulations define the requirements in terms of building energy efficiency and inclusion 
of renewable energy technologies in the case of retrofit and new buildings: minimum 
requirements for the energy performance of existing buildings subject to major 
renovation; buildings elements; and technical building systems. 

- Exemptions from the energy performance regulation are applicable in historical and 
protected buildings; building used as placed of worship; stand-alone buildings with a 
total useful floor area of less than 50m2; a building constructed for the Enemalta plc or 
any other similar entity, and used as a generation/distribution station. 

- Minimum Requirements for Building Services in Malta suggests that a contribution to 
meet the full heating and hot water demand or part of it or economically viable 
installations provide at least 50% of the heating and hot water demand for the building 
from heat pumps with a COP greater than 2.5.  

- The Building regulation office issues EPCs certificates for heating and cooling plant 
equipment following the submission of commissioning and inspection reports by the 
perit or independent registered system inspector. 

- No specific regulations aside from the exemptions mentioned above are applicable in 
the context of historical buildings and the inclusion of renewable technologies as part of 
any retrofit measures. 

In terms of Renewable, 

- No specific local policies have been identified with regard to the deployment of ground 
source systems in buildings. 

- Financial incentives are not directly available for ground source heat pump systems, 
with supports only provided for solar hot water generation and some generic grants for 
air source systems. 
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4.5 Market in Spain 

Spain is a country and member state of the European Union located in south-western Europe 
on the Iberian Peninsula. Its mainland is bordered to the south and east by the Mediterranean 
Sea; to the north by France; and to the northwest and west by the Atlantic Ocean and Portugal. 
With an area of 504,030 km², it is the second largest country in European Union after France. 

Climate condition 

The climate in Spain varies across continental Spain. Spain is the most climatically diverse 
country in Europe the Figure 4.29 shows the Köppen-Geiger climates classification, excluding 
the Canary Islands, and is within the 10 most climatically diverse countries in the worldxiii . 

- The hot-summer Mediterranean climate (Csa) which is also characterized by dry and 
warm/hot summers and cool to mild and wet winters. According to the Köppen climate 
classification, this climate is dominant on the Iberian Peninsula, particularly the variety 
with summer droughts, covering all but the far northern part of the country where the 
Oceanic climate predominates. The hot-summer Mediterranean climate is further 
divided into the "Standard Mediterranean" of lowland regions and "Continentalized 
Mediterranean" of the interior, according to altitude and the mildness or harshness of 
the winter season. The Standard Mediterranean covers coastal areas (excluding the 
northern Atlantic coast) the Guadalquivir river basin and the lower reaches of the Tagus 
and Guadiana basins to the west of the country. The Continentalized Mediterranean 
climate predominates in Spain's vast table lands, Meseta Central, of the interior. 

- The warm-summer Mediterranean climate (Csb) which predominates in parts of 
northwestern Spain and mostly inland in central-northern Spain at altitudes above 900-
1000 masl. 

- The oceanic climate (Cfb) is located in the northern part of the country, especially in the 
regions of Galicia, Basque Country, Asturias, Cantabria, and Navarre. This region has 
regular snowfall in the winter months. 

- The semiarid climate (Bsh or Bsk) is predominant in the south eastern part of the 
country (Almeria province in Eastern Andalusia, Murcia region and Alicante province in 
Southern Valencia) and in the middle reaches of the Ebro valley to the north east 
(Zaragoza province), reaching as far west as southern Navarre. It is also present in large 
areas of the central table lands (primarily in La Mancha region which includes parts of 
Cuenca, Guadalajara, Madrid and Toledo provinces) and some of the driest areas of 
Extremadura. In contrast to the Mediterranean climate, the dry season continues 
beyond the end of summer and the vegetation is less dense. 

- The warm-summer continental climate (Dfb) which can be found in many areas in north-
eastern Spain, in areas starting with altitudes above 1000-1100 masl. It can be found 
also in some areas in the Cantabrian Mountains and the highest areas of the Sistema 
Ibérico mountain range in central-eastern Spain. 

                                                 
xiii  AEMet, Agencia Estatal de Meteorología. 
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Figure 4.29 Köppen-Geiger climate classification map for Spain  

Underground characteristics 

Geologically, Spain can be divided in terms of bedrock.  

1. A siliceous terrain seated on hard and therefore durable crystalline rocks (granites, 
schist and gneiss) forming acid soils and poor in carbonates - the North and the West of 
the Peninsula;  

2. A limestone terrain based on sedimentary rocks - the heavily weathered Mesesta.  

The Iberian Peninsula contains rocks from every age, and almost every kind of rock is 
represented. The core of the Iberian Peninsula consists of a Hercynian cratonic block known as 
the Iberian Massif. In the northeast this is limited by the Pyrenean Fold Belt, and in the 
southeast it is limited by the Betic Foldchain. These two fold chains are part of the Alpine Belt. 
The western peninsula is delimited by the continental boundary formed by the magma poor 
opening of the Atlantic Ocean. The Hercynian Foldbelt is mostly buried by Mesozoic and 
Tertiary cover rocks on the east side, but neither the less outcrops through the Iberian Chain 
and the Catalonian Coastal Ranges. Figure 4.30 represents the map of soils of the Spain. 
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Figure 4.30 Map of the soil regions of the Spain. Source: info.igmexiv  

4.5.1 Market development 

Spain has a high potential of geothermal resources from different types (high, medium and low 
temperature). This geothermal potential, if harnessed adequately through proper development 
initiatives, could decrease the existent gap in the level of use of these resources with respect to 
other European nations. To enable this development, it is essential that the sector counts on an 
adequate support framework to undergo a sustained technological evolution. {ǇŀƛƴΩǎ 
geothermal potential could enable the inexhaustible use of this renewable energy source for 
the production of electricity as well as for residential use and services. This would also allow 
Spain to reduce its foreign energy dependency (above 75%), one of the biggest among EU 
countries and shown by many authors to be one of the real burdens to increase the 
competitiveness of the domestic economy. As well as to reduce the consumption of non-
renewable energy sources and contribute to ultimately guarantee a constant supply of 
indigenous and reliable energy that is independent of external factors. 

Overview of the energy consumptions in Spain 

The final energy consumption by major sector for 2018 is shown in Figure 4.31A and their 
comparison is presented in Figure 4.31B for 2000 and 2028. The main energy consumer is 
transport, followed by industry with 22.1% and Residential and Services with 17.1% and 12.4%, 
respectively. The transport sector has shown an increase since 2000 to 2018 as well as the 
residential sector (Figure 4.31B). 

                                                 
xiv http://info.igme.es/cartografiadigital/datos/geologicos1M/Geologico1000_(1994)/jpgs/EditadoG1000_(1994).jpg 
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A) 

 

B) 

 

 

Figure 4.31 A) Final energy consumption by sector and B) % share of final energy consumption by 
sector. Source: IDAE 

The final energy consumption split by source over the period 2000-2018 is shown in Figure 
4.32. Oil products are still the biggest energy carrier in Spain followed by electricity and natural 
gas and far behind renewable and carbon sources. 

Oil products sources accounted for 51%, more than the half of final energy use, electricity has 
slightly risen from 2014 with 24% and the natural gas present almost the same behaviour with 
16%. 

A) 

 

B) 

 

Figure 4.32 A) Final energy consumption by source and B) % share of final energy consumption by 
source. Source: IDAE 

At the end of 2017, renewable energy in Spain represented 46% of the installed power capacity 
in the entire set of power generating facilities, standing at 48,185 MW. This figure is the result 
of a growth trend over the years and that as of 2013 has remained practically unchanged, with 
just a small variation of 0.6% in the last five years. Regarding electricity generation in 2017, 
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overall renewable energy production, directly affected as a result of a lack of hydroelectric 
power generation, closed the year at 84,505 GWh, registering a decrease of 16.3% compared to 
the previous year; the lowest production since 2009. Similarly, renewables reduced their share 
in the overall generation mix nationwide to 32.1%, compared to 38.4% the previous year. As for 
the peninsular electricity system, which represents almost 95% of the total generation 
nationwide, the share of renewables stood at 33.7% in 2017.The fall in renewable generation in 
2017 was offset by an increase in the share of thermal 

 
Figure 4.33 Breakdown of installed power capacity. Source: RED Eléctrica de España  

Geothermal energy in Spain 

The rise in geothermal activity in Spain in recent years has touched all sectors of geothermal 
resources. In the field of high-temperature geothermal resources, exploration activity has been 
resumed in the volcanic archipelago of the Canary Islands.  

The possibility of finding locations with favourable geological characteristics for the 
development of potential projects in enhanced geothermal systems (EGS) is being investigated 
in several areas of Spain, especially Cataluña and Galicia. Use of low-temperature geothermal 
resources for district heating and cooling is being studied for technical and economic feasibility 
in the northern area of the city of Madrid, in a set of public buildings including hospitals, 
schools and homes for the elderly. Lastly, a large number of activities aimed at taking   
advantage of the heat existing in the more superficial areas of the Earth through use of 
geothermal heat pumps (GHPs) are being implemented all over Spanish territory [23].  

According to the Spanish National Geothermal Platformxv, shallow geothermal energy is 
defined as the energy stored as heat in the first 250 m below the surface. The associated 
geothermal energy resources are considered to rely on the temperature of the solid phase of 
the geological media and the groundwater within, showing temperatures below 30 °C, and 
usually around the mean annual surface temperature of the site considered. No legally binding 
definition is available in Spain. 

Shallow geothermal energy resources are not legally differentiated from deep geothermal 
energy resources in Spain. Therefore, those resources are protected and regulated by the 
mining authority. The National Mining Act only requires a geothermal energy resources 
exploitation license for non-domestic systems (large systems), and exclusively when mining 

                                                 
xv GEOPLAT. Vision for 2030. Madrid (Spain) 
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methods are used during the exploitation phase of the resource, and thus does not apply to 
shallow geothermal energy systems where drilling methods are only applied for the 
exploitation infrastructure (BHE or deep wells) before exploiting the resource itself. 
Nevertheless, the mining authority requires a drilling project that complies mining safety 
features required for shallow geothermal energy systems. Once approved, permits and licenses 
from the relevant local authority are required in most regions. If thermal waters are exploited 
by shallow geothermal energy systems, then the approval of a full exploitation plan, which is 
complex and very time-consuming to prepare, is required. 

4.5.2 Building sector market 

In 2011, Spain has an estimated 10.2 million buildings, of which nearly 9.5 million are 
residential in character and contain 25 million homes. There are 8.5 million residential buildings 
among those constructed before 2001, which contain around 21 million homes in total of which 
14.5 million are primary residences with certain common characteristics. 

- άhƭŘŜǊ .ǳƛƭŘƛƴƎǎέΥ hǾŜǊ 60% were built prior to 1980, before the advent of any technical 
buildings standards or codes designed to regulate the quality of buildings built in Spain. 
Specifically, 60% of these buildings were built before the enactment of the first laws to 
ƛƴŎƭǳŘŜ ōǳƛƭŘƛƴƎǎ ƛƴǎǳƭŀǘƛƻƴ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ǿƘƛŎƘ ǿƘƛƭŜ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ƳƛŘ мфтлΩǎ ǘƻƻƪ 
some time to propagate through the whole buildings sector. Among these pre-1980 
homes: 15% of buildings were built before 1900, 41% between 1900-1960 and 44% from 
1960-1980 (9%, 32% and 59% of house-holds, respectively).  

- άwǳǊŀƭ 5ǿŜƭƭƛƴƎǎέΥ bŜŀǊƭȅ ƘŀƭŦ ƻŦ ǘƘŜ ōǳƛƭŘings registered in the 2001 census, or over 
40% of these households, are located in rural areas in population centres of less than 
10.000 inhabitants. Interestingly, aside from a wide territorial dispersion, 90% of these 
rural residential buildings have 1 to 3 floors, which is over 45% of all homes constructed 
before 2001. 

- άIƻƳŜ /ƻƴŎŜƴǘǊŀǘƛƻƴέΥ ¢ƘŜǊŜ is high house. Hold concentrations in housing blocks each 
with 5 or more housing units in: Over half of the housing units of the housing stock are 
concentrated in less than 10% of the physical buildings each with 5 or more units in.  

This underlines the two key characteristics which define Spanish homes: Their dispersion or the 
shared community buildings which polarize the sector and require well planned intervention. 

 

Figure 4.34 Distribution of Spanish buildings by age and type. Source: INE (2001) 

Renovation of the building stock 

Energy performance requirements for the renovation of existing buildings are regulated in the 
CTE. According to the CTE, deep renovations in Spain must comply with the energy 
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performance requirements established for the construction of new buildings. For partial 
renovations, the requirements vary according to the parts of the building that are being 
renovated. 

Since there is a large stock of buildings with low energy performance, the main objective in 
Spain, in terms of the energy performance of buildings in recent years, has been to establish a 
renovation standard with high performance criteria. 

This effort is translated into action plans, based on public support, and a Renovation Strategy, 
which have led to the energy renovation of buildings to meet the CTE requirements. This 
criterium also defines the current NZEB levels in Spain, which means efforts are centred on the 
transposition of the building stock towards NZEB levels. 

4.5.3 Regulations 

This section summarises some basic ideas about Spanish regulation and policies that cover 
shallow geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Spain, 

- There is no specific form or protocol in order to obtain an exploitation license for 
shallow geothermal energy systems in Spain. The permits required to operate a shallow 
geothermal energy system are indirectly related to the infrastructure required for its 
operation and interaction with the environment. 

In terms of Building and heating & cooling systems,  

- In the building sector, various measures have been implemented to retrofit existing 
buildings. The residential sector has mandatory energy performance certification for 
buildings of more than 1,000 m2 but there are no sanctions in case of non-compliance. 
Special loan terms are proposed for household owners willing to optimize thermal 
insulation, substitute energy sources for heating installations (conventional energy 
source by biomass or geothermal energy) and enhance lighting efficiency. 

- Energy performance requirements for the renovation of existing buildings are also 
regulated in the CTE. According to the CTE, deep renovations in Spain must comply with 
the energy performance requirements established for the construction of new buildings. 
For partial renovations, the requirements vary according to the parts of the building that 
are being renovated. The energy performance requirement for existing buildings in 
Spain takes into account the following important points:  

¶ Progress and current status of existing buildings 

¶ Plans to improve the existing building stock 

¶ Regulation of system performance, distinct from whole building performance 

¶ Encouragement of intelligent metering 

¶ Financial instruments and incentives for existing buildings 

¶ Information campaigns / complementary policies 

- No specific permitting requirements and regulations in addition to those outlined in the 
main building regulations have been identified for the refurbishment of historical 
buildings, provided that the facade or the building structure are not changed or affected 

In terms of Renewable, 
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- The environmental authority will not require a mandatory Environmental Impact 
Assessment (EIA) when drilling is shallower than 100 to 500 m, depending on the region 
of Spain. An EIA is mandatory for deep geothermal exploitation or when stimulated 
geothermal techniques are applied. In general terms, the Environmental authority will 
make a case-by-case decision. Depending on this decision, no EIA will be required, but 
only a simplified (3 months extendable up to 6 months) or ordinary EIA will be 
requested (19 months extendable up to 21 months).  

- In addition to all these permits and licenses, if a GWHP system is considered, obtaining 
different additional authorizations from the water authorities is required. When 
pumped groundwater exceeds 7000m3/year, a water concession is required. If 
heated/cooled groundwater is reinjected into the aquifer, then a thermal discharge 
authorization is required, together with a hydrogeological study assessing the thermal 
ƛƳǇŀŎǘ ŎŀǳǎŜŘ ǘƻ ƻǘƘŜǊ D²It ǎȅǎǘŜƳǎΩ ǳǎŜǊǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƎŜƻŎƘŜƳƛŎŀƭ 
impacts. Different regional water authorities have their own sustainability threshold 
values for characteristics such as maximum injection temperatures and relative 
extraction/injection temperature changes. The Geological Survey of Spain has a role in 
the monitoring of environmental impacts and in controlling system exploitation regimes, 
in the identification of thermal interferences between systems and in the proposal of 
sustainability thresholds [24]. 
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4.6 Market in Germany 

Climate condition 

Figure 4.35 shows the Köppen-Geiger classification for Germany [11], the East has a more 
continental climate: winters can be cold and summers very warm; longer dry periods can occur. 
Central and Southern Germany are transition regions, varying from moderately oceanic to 
continental. In addition to the maritime and continental climates that predominate most of the 
country, the Alpine regions in the extreme South and some areas of the Central German 
Uplands have a mountain climate with lower temperatures and greater precipitation.  

hǾŜǊŀƭƭΣ DŜǊƳŀƴȅΩǎ ŎƭƛƳŀǘŜ ƛǎ ƳƻŘŜǊŀǘŜ ŀƴŘ Ƙŀǎ ƎŜƴŜǊŀƭƭȅ ƴƻ ƭƻnger periods of very cold or very 
hot weather. In January, the coldest month, the average temperature is about 2°C in the North 
and -2°C in the South. In July, the warmest month, the Northern coasts have temperatures 
averaging from 16°C-22°C; at some locations in the South, the average is 20°C or slightly higher. 

 

Figure 4.35 Köppen-Geiger climate classification map for Germany 

Underground characteristics 

Germany has an enormous number of different carbonate rock units, which vary widely in their 
geological age and sedimentary depositional environment. [25]. 
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Figure 4.36 Map of the soil regions of the Germany. Source: Lyllcollection. 

4.6.1 Market development 

Overview of the energy consumptions in Germany 

The final energy consumption by major sector over the period 2006-2017 is shown in Figure 
4.37. The main energy consumers are Transport, Industry and Residential sector with a round of 
25% of the total consumption.  

A) 

 

B) 

 

 

 

Figure 4.37 A) Total final energy by sector and B) % share final energy by sector. Source: IEA 
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The final energy consumption split by source over the period 2006-2017 is shown in Figure 
4.38. Oil products with a steady behaviour over the last years are still the biggest energy carrier 
in Germany, followed by natural gas and electricity. 

The share of the oil products accounted for 42% of final energy use, natural gas in 2017 with 
24% and the electricity presents a steady behaviour as well with 20%. 

 

A) 

 

B) 

 

 

Figure 4.38 A) Total final consumption by source and B) % share total final consumption by source. 
Source: IEA  

Figure 4.39 shows the heat generation by type of sources in Germany over the several years 
(2006-2018), Despite of Natural gas has decreased significantly since 2006 to 2014 and it is 
increasing from 2014, it represents the bigger heat generator in Germany, followed by Coal and 
Waste sources.  

In terms of share, Natural gas represents almost the half of the total heat generation followed 
by Coal and Waste with 27% and 15%, respectively. Geothermal represents only the 0.1% of the 
total. 
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A) 

 

B) 

 

 

Figure 4.39 A) Heat generation by source and B) % share heat generation by source in 2018. Source: 
IEA  

The contribution of geothermal energy in Germany is still low and this is much more evident if 
we compare with other non-renewable sources of energy. Figure 4.40 shows heat generation 
from renewable and waste sources. Primary solid biofuels (46%) is still prevailing a head of 
other renewable and waste sources of heat. Biogases take second place with 27% followed by 
waste (15%). Geothermal represents the 1% of the share heat generation. 

A) 

 

B) 

 

 

Figure 4.40 A) Heat generation from renewable and waste by source and B) % share heat generation 
from renewable and waste by source. Source: IEA 

Geothermal energy in Germany 

The use of geothermal heat is not new in Germany or in Europe. Thermal waters have directly 
supplied thermal baths for thousands of years. Today many German swimming pools and spas 
(see graphic below) either use thermal waters directly or are heated indirectly through 
geothermal sources. 
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Figure 4.41 Development of geothermal heat use in Germany from 1999 to 2016xvi. 

But for the most part, Germany still heats its buildings with oil and gas as we noted in the 
figures above. Almost a third ƻŦ DŜǊƳŀƴȅΩǎ ǘƻǘŀƭ Ŧƛƴŀƭ ŜƴŜǊƎy consumption in 2018 went into 
ǎǇŀŎŜ ŀƴŘ ǿŀǘŜǊ ƘŜŀǘƛƴƎ ƛƴ ōǳƛƭŘƛƴƎǎΦ ¢ƘŜ ōǳƛƭŘƛƴƎ ǎŜŎǘƻǊΩǎ greenhouse gas emissions, which 
arise almost solely from heating, add up to 15% of total emissions ς and almost 30% including 
indirect emissions. Currently, more than 90% ƻŦ DŜǊƳŀƴȅΩǎ ƘŜŀǘƛƴƎ ǎȅǎǘŜƳǎ ŀǊŜ ŦǳŜƭƭŜŘ ǿƛǘƘ ƻƛƭ 
and natural gasxvii. 

The Leibniz Institute for Applied Geophysics (LIAG) estimates that Germany has the potential to 
increase production of deep geothermal energy from the current 1.2 terawatt hours (TWh) of 
climate-neutral heat per year to 100 TWh of heat per year by 2050. And the think tank Agora 
Energiewende argues that the number of shallow geothermal units, which use ground-source 
heat, should rise from 420,000 to 2.5 to 3 million. The German Environment Agency (UBA), 
DŜǊƳŀƴȅΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀƎŜƴŎȅΣ ŎŀƭŎǳƭŀǘŜǎ ǎŎŜƴŀǊƛƻǎ ŦƻǊ DŜǊƳŀƴȅΩǎ ƘŜŀǘƛƴƎ ǎŜŎǘƻǊ 
that sƘƻǿ ǎƘŀƭƭƻǿ ŀƴŘ ŘŜŜǇ ƎŜƻǘƘŜǊƳŀƭ ŎƻǾŜǊƛƴƎ ŀōƻǳǘ ƘŀƭŦ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƘŜŀǘ ǎǳǇǇƭȅ ōȅ 
2050. 

Almost all of Germany boasts shallow heat sources suitable for shallow geothermal technology, 
which uses ground-source heat pumps to boost temperatures that heat homes and buildings. 
About 420,000 ground-source heat pumps provide heating to buildings in Germany. Six to 
seven times that many will be required to hit ambitious climate targets such as reducing annual 
greenhouse gas emissions in the building sector by between 70 and 72 million tonnes of CO2 by 
2030. Newly installed ground-source heat pumps in 2019: 20,000. In Germany, Bavaria has the 
most expansive geothermal investments, but the state of Brandenburg boasts the highest 
number of geothermal heat pumps with 575 per 100,000 personsxvii. 

4.6.2 Building sector market 

Around 68.4% of the buildings presently available in Germany are residential one (Figure 4.42), 
where approximatively 40.9% are single-family households and the 27.5% is formed by multi-
family apartment blocks. The occupancy of these residential buildings, in contrast to the 

                                                 
xvi Source: Leibniz Institute for applied Geophysics (LIAG), Hannover, Germany. 2018 
xvii Clean Energy Wire ς Journalism for the energy transition. 2020 

https://www.bmwi.de/Redaktion/DE/Binaer/Energiedaten/energiedaten-gesamt-xls.xlsx?__blob=publicationFile&v=117
https://www.cleanenergywire.org/factsheets/geothermal-energy-germanys-largely-untapped-renewable-heat-source#greenhouse_gas
https://www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Klimaschutz/klimaschutz_zahlen_2019_fs_gebaeude_de_bf.pdf
https://www.bdh-koeln.de/fileadmin/user_upload/Pressegrafiken/Gesamtbestand_Waermeerzeuger_2018_DE.pdf
https://www.cleanenergywire.org/glossary/letter_g#geothermal_energy
https://www.cleanenergywire.org/news/industry-associations-call-masterplan-boost-deep-geothermal-energy
https://www.cleanenergywire.org/experts/agora-energiewende
https://www.cleanenergywire.org/experts/agora-energiewende
https://www.agora-energiewende.de/fileadmin2/Projekte/2016/Sektoruebergreifende_EW/Heat-Transition-2030_Summary-WEB.pdf
https://www.cleanenergywire.org/experts/uba-federal-environment-agency
https://www.cleanenergywire.org/glossary/letter_g#greenhouse_gas
https://www.cleanenergywire.org/dossiers/heat-make-german-buildings-nearly-climate-neutral
https://www.geothermie.de/geothermie/geothermie-in-zahlen.html
http://www.erdwaermeliga.de/erdwaermeliga-bundesliga.html
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average trend of the other EU countries, is referred to tenants which accounts for about 65% of 
the whole stocks. Only the 45% of them are owner occupied. This situation is potentially critical 
for a wide diffusion of the energy retrofit actions, since the decision process could involves the 
homeowners of the flats where the renters live. In fact, a delay can be expected in all those 
cases where the owner could not have awareness on energy efficiency aspects. 

 
Figure 4.42 Breakdown of German total useful surface by usage in Germany 

The majority of the German building stock is in the residential sector which constitutes about 
69% of the total floor area amounting to 3,467 million m² in 2015. The share of non-residential 
buildings is 31% of the total area which is a normal share compared to other countries. Roughly 
39% of the total non-residential floor area is occupied by offices. About 60% of the residential 
floor area consists of single-dwelling buildings (stand-alone or in row houses). The residential 
floor area is also predominately privately owned (with a share of 53%) and 46% of the dwellings 
are owner-occupied. The social housing sector accounts for about 5%. 

Over 54% of German residential dwellings were constructed before the 1970s, and 
approximately 63% before 1976ς79, when the first Energy Saving Act (EnEG) was introduced to 
ŜǎǘŀōƭƛǎƘ ōǳƛƭŘƛƴƎ ŎƻŘŜǎ ŦƻǊ ƘƻǳǎƛƴƎΦцщΦ ¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ƴŜǿ ƘƻǳǎƛƴƎ Ƙŀǎ ōŜŜƴ ŘŜŎƭƛƴƛƴƎ 
since. Price developments have been influenced by recent events surrounding immigration to 
the country and the shortfall in housing supply relative to the demand, particularly in large 
German cities. The average living area per capita was 53 m²/capita in 2008, slightly decreasing 
thereafter to 45 m²/capita. The economic recovery of Germany since the recession, leading to 
higher purchasing power, an increase in population, and urbanisation, have increased the 
demand for scare housing spacexviii . 

                                                 
xviii EIT Climate-KIC ςBuilding Market Brief. Germany. 2018 
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Figure 4.43 Trends in residential building space in Germany. Sources: Enerdata 

Renovation of the building stock 

Since the introduction of the Energiewende, Germany has made substantial efforts to increase 
the energy efficiency of its building stock. Buildings account for approximately 35% of energy 
consumption and thus have important energy savings potential [26]. Through the 2050 Energy 
Concept, the federal government has set a target of reducing the primary energy demand of 
buildings by 80% by 2050, compared to 2008 levels. Recognising the additional progress 
needed, the government has thus aimed to double the rate of energy-saving modernisation 
from 1% to 2% per year, with the EnEG and EnEV introduced to implement these goals. 
LƴŎǊŜŀǎƛƴƎ ǘƘŜ ǊŀǘŜ ƻŦ ǊŜǘǊƻŦƛǘǎ ŜȄǘǊŜƳŜƭȅ ƛƳǇƻǊǘŀƴǘΣ ŀǎ ǊƻǳƎƘƭȅ со҈ ƻŦ DŜǊƳŀƴȅΩs build were 
built before 1979, at which point the first Thermal Insulation Ordinance for buildings came into 
effect. Since then, Germany has tightened the minimum energy performance standards (MEPS) 
for new buildings several times, and new residential buildings today are allowed to use 75% less 
energy than they were 35 years ago. The MEPS will need to be further strengthened to meet 
the nearly-zero energy standard for all new buildings from 2021, as required by the EnEG. 

The key components of German Energy Efficiency Strategy for Buildings are as follows:  

- MEPS for buildings,  

- a roadmap enumerating short- and long-term goals, and  

- financial incentives and preferential loans to exceed MEPS in new 
buildings and to trigger refurbishment facilitated by the government-
owned development bank KfW Bankengruppe.  

Lack of capital was identified as one of the main challenges preventing homeowners from 
upgrading their properties. The KfW-supported Energy Efficient Refurbishment and 
Construction Programmes are the most well-known measures to address this issue. They were 
launched in 2009 but were built on similar programmes that had operated since 1996. The 
schemes offer grants and soft loans to support energy efficiency work during the general 
refurbishment of existing buildings and to encourage energy efficiency standards in new 
buildings which are higher than the legally required minimum. The loan conditions are highly 
preferential, with tenure of up to 30 years and an initial grace period. Interest rates can be as 
low ŀǎ м҈Σ ŘŜǇŜƴŘƛƴƎ ƻƴ ƳŀǊƪŜǘ ǊŀǘŜǎΣ ŀƴŘ ŀǊŜ ǘƘŜƴ ǊŜŘǳŎŜŘ ǳǎƛƴƎ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘΩǎ ōǳŘƎŜǘ 
support. The schemes are open to all building owners including private individuals, housing 
enterprises, housing cooperatives, real estate agents, municipalities, and local community 
associations. They are intended to be technology neutral; the key criteria for measures are cost-
efficiency and reductions in energy consumption. However, energy savings have to be verified 
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by an approved energy assessor before funding can be drawn from KfW. The Energy Efficient 
Refurbishment and Construction Programmes support both single measures (wall insulation, 
loft insulation, floor insulation, window replacement or refurbishment, installation of 
ventilation, replacement of heating systems, etc.) and a series of multi-measure packages. 
During the period from 2006 to 2016, 4.6 million dwellings were either refurbished or 
constructed as energy-efficient by design. No surveys record the level of public familiarity with 
the programmes; however, the entire budget is consumed each year, which may suggest that 
familiarity is highxviii. 

4.6.3 Regulations 

This section describes shortly some basic ideas about German regulation and policies that cover 
shallow geothermal, building, heating and cooling as well as renewable energy.  

In terms of shallow geothermal in Germany, 

- A non-legal definition of shallow geothermal energy is given in VDI 4640 applies to the 
thermal use of the underground up to approximately 400 meters depth. 

- Restrictions are applicable in the context of the installation of GHEs in Bavaria where 
these are limited to installation above the first aquifer only. GHEs in groundwater source 
and spa water protection areas require special permission from the water authority. 
Restrictions are also applicable in the context of the installation of GHEs in urban areas 
for environmental reasons. 

- Design of GHE systems typically requires that the ground temperature does not drop 
below -3oC over the operational life of the plant and the GHE spacing is not lower than 
5m for short probes to 50m depth and 6m for longer probes to 100m depth. 

- Specific permission for drilling works to be performed by certified drillers is required. 
The drilling operations must be carefully documented with parameters including 
borehole construction, materials used for the probe, grouting process and procedures, 
probe testing results being included. 

In terms of Building and heating & cooling systems,  

- Building regulations applicable to the use of GSHP system specify the requirement of 15 
% of H&C or environmental energy demand by geothermal energy or other renewable 
energy sources in the case of retrofit buildings and 50% in the case of public sector 
buildings. This regulation applies if the flow temperature of brine/water, water/water 
heat pumps exceeds 35 °C. Heat pumps have to be marked with the "Euroblume", 
"Blauer Engel" or "European Quality Label for Heat Pumps" eco-label. 

- No specific regulations are applicable to historical buildings; however individual rules set 
out on a case by case basis are applicable. In the case of protected buildings, these 
require initial consultation with the State Office for Historical Monuments to set out the 
individual rules and a specific permit from the same authority is required. 

In terms of Renewable, 

- Geothermal heat pumps have contributed 344 and 364 ktoe in 2015 and 2016 of the 
total share of renewable for heating and cooling, respectively. No specific local targets 
or energy plans were reported as part of the assessment. 
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5 Market requirements for the shallow geothermal system in 
Europe 

In this chapter, the actual market requirements for the systems developed within GEO4CIVHIC 
project will be investigated, focusing on standards and state of deployment of each technology 
in the European context. This section will cover the market requirements for shallow 
geothermal systems by focusing into two important items: i) Drilling equipment, methods and 
technology and ii) integration of geothermal system itself with building installations.  

5.1 Drilling equipment, methods and technology 

In general the drill rig market for shallow geothermal applications in Europe is serviced from 
countries like Germany (Nordmeyer, Klemm etc.) and Italy (Fraste, Commachio, Soilmec etc.). 
Although other countries will have local suppliers, they are all relatively small. A quick market 
scan gives the following numbers for manufacturers of water well and shallow geothermal 
drilling rigs per country. This list has been constructed by taking data from drilling rig 
manufacturers in Europexix and it does not cover the smaller manufacturers. 

COUNTRY 
Nº OF 

MANUFACTURERS 
COMPANYôS NAME 

Germany 19 

Econ Industries 

Dipl.-Ing. Lutz Kurth Bohr- und Brunnenausrüstungen GmbH 

Geotec Bohrtechnik GmbH 

HAUSHERR System Bohrtechnik 

Prime Drilling GmbH 

Herrenknecht AG. 

ADLER Arbeitsmaschinen GmbH & Co. KG 

Tracto-Technik GmbH & Co. KG 

STDS-Jantz GmbH 

Bentec GmbH Drilling & Oilfield Systems 

Zipp Maschinentechnik GmbH 

DELMAG GmbH & Co. KG 

ABI Maschinenfabrik und Vertriebsgesellschaft mbH 

Eurodrill GmbH 

Optima Drive Components 

OPTIMA HYDRAULICS 

Kamat GmbH & Co. KG 

SysBohr GmbH 

mts PERFORATOR GmbH 

Italy 11 

IMT International 

Soilmec S.p.A 

Massenza Drilling Rig 

Beretta S.r.l. 

                                                 
xix https://www.environmental-expert.com/companies/keyword-drilling-rig-2853/location-europe/business-type-manufacturer 
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COUNTRY 
Nº OF 

MANUFACTURERS 
COMPANYôS NAME 

Fraste S.p.A. 

Comacchio S.r.l 

Drillmec Inc. 

Durham Geo Enterprises - part of Nova Metrix LLC 

Tes Car s.r.l 

Hohner 

Gaggiotti Franco & C. snc 

Sisgeo S.r.l. 

France 2 
SDEC France 

LIM SAS 

Netherland 7 

Eijkelkamp SonicSampDrill 

Sandvik Mining and Construction B.V 

Boode Waterwell Systems 

American Manufacturing Co. 

TRS Group, Inc. 

BMAir  

TEMA Systems, Inc. 

United Kingdom 18 

Artôs Manufacturing and Supply, Inc 

Marton Geotechnical Services Ltd (MGS) 

Loglogic 

Geotech Environmental Equipment Inc. 

Nasco 

N.U.B. Engineering Limited 

Dando Drilling International Limited 

Clarke Energy 

Discovery Drilling Equipment (DDE) 

Britannia Petroleum Ltd 

Whittaker Engineering 

Worldwide Oilfield Machine Inc. (WOM) 

Zeefax Limited 

MetSpec 

Oceaneering International, Inc. 

APS Technology, Inc. 

Baroid Industrial Drilling Products 

GeoVista 

Sweden 7 

Hardab AB 

Atlas Copco AB 

Ingenjörsfirman Geotech AB 

Swedish International Circle Enterprise AB 

Environmental Mechanics AB 

Driconeq International 

BAT Geosystems AB 

Belgium 1 Geoprobe Systems -Kejr, Inc. 

Denmark 2 Rotek A/S 
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COUNTRY 
Nº OF 

MANUFACTURERS 
COMPANYôS NAME 

Åkerbergs Maskiner A/S 

Finland 2 
Geomachine Oy 

Robit Plc 

Table 5.1 ς Number of manufacturers in different European countries  

The trend over the last ten years has been to reduce manual labour on drill rig by 
mechanisation of rod handling and so on. Safety has also become a more relevant issue as can 
be seen by the introduction of remote control etc.  

Most of the rigs used in shallow geothermal have never been specifically designed for the task, 
usually they are general purpose rigs that are also used for geotechnical work, dewatering and 
drilling of small wells for sprinkler installations, gardens or agricultural purposes. 

In general, common purpose rigs currently on the market have the following features: 

- Track mounted 

- Diesel engines with little emission or noise restriction 

- Weight between 4-8 tonnes 

- Rod handling usually by hand 

- Simple pumps (centrifugal agricultural type) 

- Average age probably around 10 years, expected life span 15-20 years 

Many countries are still developing guidelines and regulations concerning drilling, grouting, 
borehole backfilling. In addition to standard guidelines for drilling several countries are 
developing guidelines in particular for shallow geothermal drilling and installation of open loop 
and closed loop systems. 

POTENTIAL MARKET FOR DRILLING EQUIPMENT 

The European market shows a growing interest in shallow geothermal drilling. Most European 
countries are developing programs to improve the market for geothermal solutions. This goes 
hand in hand with developments for low energy housing solutions. 

Many EU-Projects and drilling companies in Europe are investing in new drilling equipment and 
improving current drilling equipment for shallow geothermal drilling. These improvements 
concern the implementation of more advanced equipment but also improvements in working 
conditions. It is important for drilling companies to keep up with this quickly changing market 
and reap the benefits in the coming years. 

Drilling rig manufacturers are expanding their range to meet this increased demand. Mostly this 
concerns modifications of existing models to make them suitable for shallow geothermal 
drilling. Some manufacturers are developing drilling rigs for the sole purpose of shallow 
geothermal drilling.  

Changing regulations for borehole grouting and back filling and preventing contamination of 
different water bearing ground layers provides a good chance for manufacturers. There is a 
clear demand for additional equipment for this purpose. Also improvements of the technology 
available are necessary. 
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5.1.1 Drilling methods for GSHP 

Several drilling methods are currently used for GSHP installation, each with its own advantages 
and drawbacks, some traditional and trends of those method are been presented in the Section 
3.2 and we present here below a brief summary. 

Straight flush rotary and air rotary are both methods that are current industry standards and 
will allow relatively high production rates. Both methods however have very distinct drawbacks 
with respect to working conditions on site, especially in the context of multiple borehole 
settings as in geothermal applications. Very specific drawbacks are noise, dust and working with 
high pressure air on the rotary air application and the water and mud containment and general 
working conditions on the straight flush rotary. The required air and water handling 
infrastructure often requires additional manpower and space on site, also it reduces site 
mobility. Auger drilling is a very usable drilling method. The machinery and equipment are very 
straightforward, not overly costly and the operating principle is simple and reliable. Spoils 
containment is relatively manageable as are working conditions. Lack of extensive water/mud 
management infrastructure on site will allow quick mobilisation. 

5.1.2 Developments in technology 

Recent years have seen developments in the technology used on drilling rigs. These 
developments focus on improvement of the production capacity and reduction of the 
ecological footprint. Also operator safety and the rig operating conditions have been improved.  

The market demands these improvements in technology as the users of the drilling equipment 
are faced with ever changing demands in operator safety, production speed, etc. This can be 
motivated by changes in rules, regulations and law or by the need to have the most competitive 
complete package to outpace the competition. 

The closed loops are installed to a depth of 80 to 160 meters and this requires a drilling rig with 
a pull-back of 5,000 to 10,000 daN and 400 to 800 kgm of torque on the drill-head. Combined 
with a high horsepower engine and high capacity straight flush pump it is possible to drill up to 
four holes of 120 meters depth in one day. 

By manufacturing drilling rigs which are focused on the installation of closed loops, the 
individual parts of the rig can be matched much better than in case of a multipurpose rig. This 
improves the efficiency of the drilling rig and makes it possible to increase the drill rate. 

Developments in recent years have made the above mentioned possible.  

- EURO 6 diesel engines are installed in the rig to reduce emissions 

- Remote controls enable the drill rig operator to safely move around the drill area 

- The automated drill-pipe manipulator makes it unnecessary that the operator handles 
the drill-pipe with the winch 

- Developments in measuring and control systems give better insight in the drilling 
process and allow for more balanced performance during drilling 

- Improvements in rig automation makes it possible to manage the rig power output 
better, it uses exactly that what it needs, thus reduces fuel consumption 
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5.1.3 Maintenance and durability 

As a result of the increased competition in the market the drilling companies have to work as 
efficiently as possible and have to prevent any downtime as much as possible. This is especially 
the case in large drilling projects where the margin is low. Drilling rig design, maintenance and 
durability plays a major role in obtaining these goals. Due to better engineering solutions the 
construction of drilling rigs has improved and this benefits the durability of the drilling rigs. Also 
improvements are made by using better materials.  

Maintenance of drilling rigs is improved by using service contracts for the drilling rigs. This gives 
the drilling companies insight in the cost of maintenance and because a planning can be made 
for the maintenance the service moment does not interfere with drilling projects. Thus the 
drilling rig has a downtime which is as low as possible. In case of unexpected breakdowns the 
manufacturer has a service fleet which can travel to the rig on very short notice to remedy the 
fault or repair and replace parts. 

5.1.4 Regulation for rig manufacturers 

With regard to regulations on drilling rig production there are very clear EU guidelines. These 
European directives on all aspects of machine production are described in the ISO norms as 
recorded by the European Committee for Standardisation (CEN). Directive 2006/42/EC. 

Production of the machinery has to be in conformity with the following standards or other 
normative documents  

- NEN-EN-ISO 16228-1:2014 

- NEN-EN-ISO 16228-2:2014 

- NEN-EN-ISO 4413 

Drilling rig manufacturers have to follow these norms. This results in the machine having a CE-
marking. This means that the machine complies with the applicable European directives on 
safety and health. New technological developments will have to incorporate features that 
integrate Health and Safety aspects in a very efficient manner. Working conditions are another 
point of importance as this will have a direct effect on the quality of the work and on the 
achieved production. 

5.2 Integration of geothermal system with building installations 

Energy efficiency in buildings 

Lower energy usage in buildings is a vital step towards the reduction in the total use of primary 
energy, as in Europe buildings use approximately 40% of the energy. To improve energy 
efficiency in the built environment, the EU enacted the Energy Performance of Buildings 

Directive (EPBD)
xx

. The EPBD furthermore present the way forward for the requirements for 
nearly zero energy buildings (nZEB) in 2020.  

Other steps have been taken in the directives 2009/125/EC and 2010/30/EU providing guidance 
on eco design (ED) and on energy labelling (ELD). For example for chillers and hydronic heat 
pumps the Eurovent certification and labelling applies. The 2012 EED Directive (Energy 

                                                 
xx Directive 2010/31/EU of the EU parliament and of the council. On the energy performance of buildings 



GEO4CIVHIC D7.3 Market and Business Innovation 1st version 

30/09/2020  89 

Efficiency Directive) requires member states to establish long-term strategies for the 
renovation of the building stock. 

Not only the EU, but also institutions like the IEA promote low/zero energy buildings and the 
use of renewable energy such as solar thermal and heat pumps. 

Low/zero carbon and energy efficient heating and cooling technologies for buildings have the 
potential to reduce CO2 emissions by up to 2 Gt g and save 710 million tonnes oil equivalent 
(Mtoe) of energy by 2050. Most of these technologies, including, solar thermal, CHP and heat 

pumps are currently available
xxi

. 

Low to zero energy buildings  

5ƛŦŦŜǊŜƴǘ ƭƻǿ ƛƳǇŀŎǘ ōǳƛƭŘƛƴƎ ŎƻƴŎŜǇǘǎ ŜȄƛǎǘ ǎǳŎƘ ŀǎ ά!ŎǘƛǾŜ IƻǳǎŜ, άȊŜǊƻ ŜƴŜǊƎȅ ƘƻǳǎŜέΦ ¢ƘŜ 
common approach is very low energy requirements, and healthy living environment (lighting 
and ventilation) augmented with environmental aspects as sustainable construction (recyclable 
materials, low energy materials etc.). 

The exact definitions of near zero energy buildings target levels may vary between the various 
EU member states, but the basic principles on the approach to the concept is similar. The 
shared strategy is the 20-20-20 approach. This is first of all setting maximum levels on the 
energy requirements of buildings and secondly to reduce the amount of primary energy to 
achieve this. The third step is to produce (a set %) the primary energy required from renewable 
sources. 

The three measures, leading to a reduction in the produced amount of CO2 emissions, require 
an integrated approach from the design perspective as they will interact.  

Obviously, the limitation of kWh/m2 in new and renovated buildings will be achieved by 
improving insulation, passive cooling and heating design, the use of higher quality materials and 

build quality
xxii

. The second step, limiting the amount of primary energy, very much benefits the 
use of heat pumps which have very large leverage (COP) on the primary energy consumed.  

The third step, requiring a percentage of the primary energy to be from a sustainable and 
renewable source, cannot be provided by a heat pump, but the amount (from the renewable 
source) required will be very much reduced, making the most of the available sources and 
invested capital. 

5.2.1 Geothermal heat pumps in low energy buildings 

It is clear that heat pumps in general can play an important role in energy conservation in both 
new and renovated buildings, if the design approach and application of the heating, cooling and 
ventilation systems are able to utilise the capabilities of heat pumps. As shallow geothermal 
heat pumps are regarded as a sustainable and renewable technology, heat pumps can 
contribute in achieving member states targets in the reduction of primary energy usage and 
greenhouse gasses. 

                                                 
xxi IEA Technology Roadmap, Energy efficient buildings: heating and cooling equipment, 2011 
xxii IEA Technology Roadmap, Energy efficient building envelopes, 2014 
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As the requirements for heating are much reduced in the new or renovated low/zero energy 
housing, low temperature heating from a (geothermal) heat pump can provide space heating. 
The demand for hot water (DHW) can also be serviced by the (geothermal) heat pump, much as 
has been the case in domestic housing that has been installed with heat pumps over the last 10 
years.  

With the increased insulation of the buildings a growing demand for ventilation and cooling will 
be called for. Especially the cooling can be done very efficiently through free cooling, using the 
geothermal loop of the geothermal heat pump system and directly using the available (low) 
source temperature. With the low energy usage in the building it seems likely that this source 
of cold will be sufficient. If not, the geothermal heat pump can be used for mechanical cooling. 

From an article in the REHVA journal
xxiii

 energy usage in zero energy buildings can be 
summarised into: 

- High temperature space heating (55 0°C ς 80 °C) 

- Low temperature space heating (35 °C ς 55 °C), radiant heating 

- DHW temperature  (40 °C - 65 °C) 

- Cooling energy for space cooling (7 °C ς 19 °C) 

- Cooling for dehumidification (< 12 °C) 

Furthermore, it is anticipated that energy demand for space heating will drop to values of 
around 15 kWh/m2. DHW production will be significantly greater than space heating 
requirements (at twice the amount). Ventilation with heat recovery will be a requirement.  

In the approach to zero energy buildings, heat pumps seem to be the preferred equipment 
option (all electric). In the zero energy approach heat pumps are mentioned, often without 
indicating they are capable of using multiple energy sources such as air, waste heat or the 
ground and groundwater.  

Of these, air source and ground source have the advantage of being available everywhere, 
waste heat is very specific and can be considered when this source is available and deemed 
attractive. For ground source applications of smaller installed capacities (< 50 kW) such as 
single homes, smaller apartment blocks or small communal systems, closed loop systems are 
the most likely candidate as they can be applied in all geologies and climates and they do not 
depend on the availability and quality of groundwater.  

Air source and ground source heat pumps have specific advantages and disadvantages that will 
need to be considered when opting for this equipment: 

Air source heat pumps: 

- Lower investment cost (+) 

- Maintenance subject to air quality and exposition of air coil (-) 

- Easy installation, well known technology, large choice in available equipment (+) 

- Good efficiency performance heating at ambient > 10 °C (+) 

- Loss of efficiency and capacity at lower temperatures < 2 °C (-) 

- Loss of efficiency through defrosting cycles at temperatures < 7 °C (-) 

                                                 
xxiii Enrico Fabrizi, System for Zero Energy Housing; REHVA journal, November 2014 
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- Strong electrical draw (on grid) at low temperatures through the use of electrical resistance 
heating (-) 

- Mechanical cooling possible (+) 

- Noise emissions from fans (-) 

- Space requirements for outside condenser/evaporator coil/fan (-) 

Ground source heat pumps: 

- Higher first investment cost due to ground coupling (-) 

- Lower maintenance cost (+) 

- More complex design and installation more limited choice in equipment (-) 

- IƛƎƘ ƘŜŀǘƛƴƎ ŜŦŦƛŎƛŜƴŎȅΣ ǳǎƛƴƎ ǘƘŜ ƎǊƻǳƴŘΩǎ ǘƘŜǊƳŀƭ ōǳŦŦŜǊƛƴƎ ǉǳŀƭƛǘƛŜǎ όҌύ 

- Free cooling potential with very high efficiency, using only the circulation pump (+) 

- Thermal storage capability in the borehole (inject heat from cooling in daytime, extract heat 
for space heating or DHW production at night) (+) 

- LƴǘǊƻŘǳŎŜ ǘƘŜ ǘƘŜǊƳŀƭ ǎǘƻǊŀƎŜ ŎŀǇŀōƛƭƛǘȅ ƻŦ ǘƘŜ ōƻǊŜƘƻƭŜ ƛƴ άǎƳŀǊǘ ƎǊƛŘέ ŀǇǇǊƻŀŎƘ όҌύ 

- No outside features (architectural benefit) (+) 

- No noise emissions outside (+) 

Some initial results monitoring low energy buildings using air source and ground (ground loop) 

as a source are mentioned in an article on the IEA annexes 32/40
xxiv

. From the results it can be 
seen that ground source heat pumps provide the highest energy efficiency (SPF), which is in the 
range of 3.3 to 3.8. Another finding is that the technically least complex concepts seemed to 
have the best performance. 

5.2.2 GEO4CIVHIC Next generation heat pump 

The heat pump next generation under development in the GEO4CIVHIC project intends to 
achieve four goals:  

1. To produce a compact and easy to install heat pumps to install in deeply retrofitted 
buildings with small energy load profiles (4 to 6 kW). A range of small capacity plug and 
play geothermal heat pumps will be developed to achieve easy and low cost 
installations to address this market. The innovation will target reduced dimensions as 
well as increased efficiency and flexibility.  

2. To build hybrid pumps that combine air and geothermal sources. Hybrid heat pumps can 
be more efficient in certain climates than single air source or single geothermal source 
alone. The reduction of the geothermal load would also reduce the total required length 
of borehole heat exchangers and hence drilling costs.  

3. To continue from the Cheap-GSHPs project in the application of Heat Pumps for high 
temperature terminals with good Coefficient of Performance (in the order of 2.5 to 3.0).  

4. To meet the needs of buildings where partial retrofits are carried where terminals at 
two temperature levels may be required. The two approaches developed in Cheap-
GSHPs and GEOTeCH will be merged to build up a two source heat pump (HP) which 
may work at high temperature.  

                                                 
xxiv Carsten Wemhoener, Heat pumps for nZEB in IEA HPP annexes 32 and 40, REHVA journal, September 2014 
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5.2.3 Conclusions 

Current legislation is aiming to reduce greenhouse gas emissions by requiring new and 
renovated housing to be low/zero energy buildings. In all EU member states as well as 
worldwide, this process is under way and energy concepts are being developed for the specific 
requirements. 

Currently it is envisaged that heat pumps will play an important role in space heating and DHW 
production as they have the capability to significantly reduce the requirement for primary 
energy. 

Apart from projects with very specific conditions, the majority of the heat pumps to be used 
will either have air or the ground (closed loop) as their renewable source. Very distinctly ground 
source heat pumps have the disadvantage of higher investment cost, but the benefits of higher 
efficiency, free cooling potential, thermal storage and no noise emissions. 

In the GEO4CIVHIC project through the development of an innovative heat pump new 
generation for both low and high temperature terminals suitable for all buildings climates and 
ground conditions. This in principle makes the heat pump new generation very well suited for 
its role in the low/zero energy building of the near future.  
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6 Competitor analysis: competing shallow geothermal 
solutions in the geothermal European market 

In this chapter, an analysis of some commercial solutions competing with GEO4CIVHIC purposes 
is presented, focusing on drilling, heat exchangers and heat pumps, given that these are the 
most developed products spread in the European geothermal market. 

These competitors have been characterized, pointing out for each of them, some general info 
of the Company, description and main features of the solution(s) most interesting, applications 
and costs where available. Then, a comparative table will sum up main elements of all 
competitors. 

6.1 Identified competitors for drilling equipment 

6.1.1 Drill-rig equipment 

Identified competitors for drill rig are the following: 

- IMT International 

- Conrad Stanen 

- KLEMM Bohrtechnik 

- GEOTeCH Drilling Equipment  

- FRASTE 
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Company name: IMT Internation 

 

Company profile: 

IMT International S.p.A. was founded in 1974 by Mr Giulio 
Accorroni. Since then, the Company has concentrated on the 
acquisition of specific know-how for the planning and construction 
of hydraulic drill rigs, in constant search of high quality products 
and customer satisfaction. IMT has always invested in technology 
and design. This policy has given life to a new plant that b on the 
cutting edge and whose objective is that of raising production 
quality even more. In 1999, IMT International S.pA was certified ISO 
9001. This important official recognition was given to IMT 
International S.p.A. following strict inspections carried out by 
authorised institutions. This confirms the quality level, which has 
already been appreciated over the years, all over the world.  

Solution type/name: Model 9520-VTR - Versatile Drill Rig 

Description + picture 

The new 9520-VTR PowerProbe is a versatile drill rig 
that can be used in most environmental and 
geotechnical applications. While retaining many of the 
same features of our larger PowerProbes, the track-
mounted 9520-VTR all-terrain model utilizes a smaller 
carrier and has the added benefits of more HP, 
improved fuel economy and emissions, positionable 
control panel, updated hydraulics, auxiliary output 
connections, and dual dozer blade verses the current 
comparable-sized AMS model (the 9500-VTR).  

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- Adjustable mast for angled probing and drilling 

- 60 hp (Tier 4) Kubota liquid-cooled diesel engine accessible via engine access hood 

- Spring-loaded pull yoke 

- Hydraulic outriggers and multi-purpose dozer blade 

- улέ ǎǘŀƴŘŀǊŘ ǇǊƻōŜ ǎǘǊƻƪŜ 

- 4,000 ft-lbs auger torque 

- More water-tight and ergonomic control panel with more controls and a pivot-put-away option 

- Wireless remote with pendant backup 

- Wireless remote storage compartment 

- Emergency stop system 

- 12 volt accessory outlet 

- Hour meter 

- Tooling vise 

- Lockable tooling box with multiple compartments 

- Electro-hydraulic valves with manual backups 
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- Hydraulic oil pressure and temperature gauges 

- Increased hydraulic capability (2,400 psi at 25 gpm) 

- 34 gallon hydraulic oil storage 

- 26 gallon diesel tank 

- Improved auger guide attachment. 

- More user-friendly and fail safe 3,000 lb. hydraulic hi-speed winch 

- Durable powder-coated finish, and power track 

Cost 

¶  

References: 

¶ https://imtspa.com 

¶ https://imtspa.com/products/ 

Table 6.1 ς IMT international. Characterization of drill-rig equipment 

 
 
 

https://imtspa.com/products/
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Company name: Conrad Stanen 

 

Company profile: 

Conrad is an international, innovative organization 
from The Netherlands with over 100 years of 
experience in the design and production of client 
specific vertical drilling rigs and requirements. The 
goal is to deploy the most efficient drilling rigs. 
Safe and with attention for the environment, user 
friendly for every drillmaster, powerful enough for 
each ground and flexible enough for every 
location, worldwide.  

Solution type/name: Boxer 50; Boxer 100; Boxer 

Description + picture 

The Boxer 50 is the newest model of the line on Conrad 
vertical drilling machines that lends itself extremely well 
for placing drainage filters. The smallest of our series is 
specifically developed as a lightweight installation and 
can easily be transported on a trailer. You do not need a 
large driver's license for transportation. 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- Aluminum drilling mast and drill bit 

- Compact dimensions and low weight 

- Suitable for difficult terrain and tight environments 

- Transport with trailer 

- Advanced and very accessible installation 

- Equipped with the most recent techniques 

- Slewing ring with 360° rotation possibility 

- Equipped with full radiographic control 

- Mounted on caterpillar base for optimal displacement 

Cost 

¶  

References: 

¶ https://conrad-stanen.nl/en 
¶ https://conrad-stanen.nl/en/products 
¶ https://conrad-stanen.nl/en/products/boxer-50 
¶ https://conrad-stanen.nl/en/products/boxer-100 
¶ https://conrad-stanen.nl/en/products/boxer-200 

Table 6.2 ς Conrad Stanen. Characterization of drill-rig equipment 

https://conrad-stanen.nl/en
https://conrad-stanen.nl/en/products
https://conrad-stanen.nl/en/products/boxer-50
https://conrad-stanen.nl/en/products/boxer-100
https://conrad-stanen.nl/en/products/boxer-200
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Company name: KLEMM Bohrtechnik 

 

Company profile: 

KLEMM Bohrtechnik has more than five decades of experience in 
the development and manufacture of powerful drill rigs. In this 
time, the company has decisively contributed towards the history 
of anchor drilling technology with innovative technologies ς this is 
confirmed by e.g. more than 100 active patents and industrial 
property rights 

Solution type/name: Drill rig KR 704-3G 

Description + picture 

The newly developed mini - drill rig KR 704-3G - the next 
generation within the proven and widely used KR 704 series. 
Designed for demanding drilling tasks in urban environments 
and also within existing buildings, the new model scores with 
high performance, compact dimensions and low weight. In 
particular, the minimal width of the basic unit and the optional 
use of telescopic drill masts offer ideal conditions for use in 
confined spaces. 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- 55 kW diesel engine 

- Option to use telescopic drill masts 

- Lateral pivoting of drilling axis +/- 45 degrees 

- Hydraulic system with load sensing pump and load-independent volume flow control 

- 350 bar system pressure 

- All functions are radio remote controlled 

- Energy Efficient Package 

Cost 

¶  

References: 

¶ https://www.klemm-bohrtechnik.de/ 
¶ https://www.klemm-bohrtechnik.de/1/products/drill-rigs/ 
¶ https://www.klemm-bohrtechnik.de/1/products/hydraulic-drifters/ 
¶ https://www.klemm-bohrtechnik.de/1/products/rotary-heads/ 

Table 6.3 ς KLEMM Bohrtechnik. Characterization of drill-rig equipment  

https://www.klemm-bohrtechnik.de/1/products/drill-rigs/
https://www.klemm-bohrtechnik.de/1/products/drill-rigs/
https://www.klemm-bohrtechnik.de/1/products/hydraulic-drifters/
https://www.klemm-bohrtechnik.de/1/products/rotary-heads/
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Company name: GEOTeCH Project 

 

Company profile: 

GEOTeCH project aimed to stimulate and promote greater 
utilization of renewable heating and cooling using shallow 
geothermal GSHP systems through advancement of innovative 
drilling and ground heat exchanger technologies. 

Solution type/name: GEOTeCH drill-rig 

Description + picture 

The GEOTeCH project has developed in this topic an 
innovative drill-rig machine composed by a mechanical 
arm that provides steam hollow augers from a cassette 
(semi-automatic feeder). All the system is fully 
controlled by a remote control where only one worker 
can operate the equipment. 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- Dry drilling technique 

- Quality Automated auger handling. 

- Auger cleaning mechanism. 

- Automated operation for drilling and retracting the HSA auger string. 

- Containment and bagging of spoils  

- The base frame for the crawler type rig is designed for a total full up weight of the drill rig of 8 

tonnes. 

- Length and width of the chassis frame need to allow for all on board components and are 

currently set at 4000 mm (l) x 2000 mm (w). 

- The engine will have to be in the range of 100-150 kW. Of this capacity circa 90% will be available 
for operating the hydraulic system. 

Cost 

¶  

References: 

¶ http://www.geotech-project.eu/ 
¶ http://www.geotech-project.eu/leicester-small-scale-house-hold/ 

Table 6.4 ς Characterization of drill rig manufacturer GEOTeCH Project 

http://www.geotech-project.eu/
http://www.geotech-project.eu/leicester-small-scale-house-hold/
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Company name: FRASTE 

 

Company profile: 

FRASTE is manufacturing HYDRAULIC DRILLING RIGS since 1964, 
when the drilling field was still very traditional and mainly involved 
with mechanical transmission and therefore they were certainly 
among the Italian pioneers of modern drilling by using hydraulic 
systems on their rigs 

Solution type/name: FRASTE Multidrill ML MAX 

Description + picture 

FRASTE MULTIDRILL ML MAX drilling rig - flexible, 
multitasking, powerful, and top productivity rate. 
Properly designed to be fitted with the well-known and 
tested FRASTE automatic drill pipes loading system 
άa!bLt¦[!¢hwέΦ ¢Ƙƛǎ ƛǎ ŀ ǉǳŀƭƛǘȅ ŀƴŘ ŘȅƴŀƳƛŎ ŘǊƛƭƭƛƴƎ 
rig, equipped with Stage 4 Final engine of 140 HP and 
suitable for Geothermal drilling. MULTIDRILL ML MAX: 
sturdy, high construction standards, avant-garde 
hydraulic system and great performances, to confirm 
the High-Quality production level. 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- 110 Kw power  TIER 4 F 

- 56000 mm rotary head stroke 

- 60000 daN pull-up 

- Max rotary head speed 210 rpm 

- Clamp from 40 to 250 mm 

- Weight between 8650 and 9000 Kg. 

Cost 

¶  

References: 

¶ https://www.fraste.com/  
¶ https://www.fraste.com/en/products/geothermal-drilling 
¶ https://www.fraste.com/en/products/multidrill-ml 

Table 6.5 ς FRASTE. Characterization of drill rig equipment 

https://www.fraste.com/en/products/geothermal-drilling
https://www.fraste.com/en/products/geothermal-drilling
https://www.fraste.com/en/products/multidrill-ml
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6.1.2 Rotary heat equipment 

For the rotary heads the competitors are the following 

- EuroDrill 

- KLEMM Bohrtechnik 

 

Company name: Eurodrill 

 

Company profile: 

KLEMM Bohrtechnik has more than five decades of experience 
in the development and manufacture of powerful drill rigs. In 
this time, the company has decisively contributed towards the 
history of anchor drilling technology with innovative 
technologies ς this is confirmed by e.g. more than 100 active 
patents and industrial property rights 

Solution type/name: Vibration Heads : RHV 1500; RHV 2400; DHV 24. 

Description + picture 

Eurodrill Vibration Heads provide an ultimate drilling capacity with 
comparatively low power consumption. The modular design allows 
both a compact as well as a weight saving solution. Besides, the 
modern design enables a high productivity for most different 
requirements and operation conditions. 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- 70 m in sand / clay 

- Overburden technique 

- Drilling diameter: 220 mm in slope rubble with bolders 

- If it is not allowed to flush with air : In or close to power plants / In inner-city locations 

- Wear-free pulling of the drill string 

- If the construction project has to be carried out in a noise-sensitive area 

- Additional equipment available 

Cost 

¶  

References: 

¶ https://eurodrill.de/en/product-overview/vibration-heads 
¶ https://eurodrill.de/en/produktdetail/rhv-1500 
¶ https://eurodrill.de/en/produktdetail/rhv-2400 
¶ https://eurodrill.de/en/produktdetail/dhv-24 

Table 6.6 ς EuroDrill. Characterization of drilling rotary head. 

https://eurodrill.de/en/product-overview/vibration-heads
https://eurodrill.de/en/produktdetail/rhv-1500
https://eurodrill.de/en/produktdetail/rhv-2400
https://eurodrill.de/en/produktdetail/dhv-24
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Company name: KLEMM Bohrtechnik 

 

Company profile: 

Eurodrill are global specialists in designing and producing hydraulic 
drifters and rotary heads. 

Solution type/name: Vibration Heads : KH39; KH62; KH9SK; KH12SK; KH14SK 

Description + picture 

All KLEMM rotary heads are designed so that they 
are perfectly matched to the respective drilling 
system and drilling task. This means that the drives 
produce the maximum drilling performance in 
interplay with the carrier, the hydraulic drifter, the 
casing pipe and the drill bit. KLEMM rotary heads 
are very robust and have high power density 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- Max. torque 14.5 kNm 

- Max. speed 174rpm 

- Internal diameter from 94 mm to 180 mm 

- Mandrill, yes 

Cost 

¶  

References: 

¶ https://www.klemm-bohrtechnik.de/ 
¶ https://www.klemm-bohrtechnik.de/1/products/hydraulic-drifters/ 
¶ https://www.klemm-bohrtechnik.de/1/products/rotary-heads/ 

Table 6.7 ς KLEMM Bohrtechnik. Characterization of drilling rotary head. 

 

https://www.klemm-bohrtechnik.de/1/products/drill-rigs/
https://www.klemm-bohrtechnik.de/1/products/hydraulic-drifters/
https://www.klemm-bohrtechnik.de/1/products/rotary-heads/
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COMPANY PRODUCT APPLICATIONS PERFORMANCE FEATURES 

IMT international 
S.p.A. 

Drill rig Model 
9520-VTR - 

Versatile Drill Rig 

It can be used in most 
environmental and 
geotechnical 
applications. Both small 
residential and large 
tertiary building 

9520-VTR all-terrain model utilizes a 
smaller carrier and has the added 
benefits of more HP, improved fuel 
economy and emissions, positionable 
control panel, updated hydraulics, 
auxiliary output connections, 

- 80ò standard probe stroke. 

- 4,000 ft-lbs auger torque. 

- Wireless remote with pendant backup. 

- Wireless remote storage compartment. 

- 60 hp liquid-cooled diesel engine. 

- Electro-hydraulic valves with manual 
backups 

Conrad Stanen 
Drill rig model 

Boxer 50; Boxer 
100 

Used for both small 
residential and large 

tertiary buildings 

Vertical drilling machines that lends itself 
extremely well for placing drainage 
filters. The smallest of our series is 
specifically developed as a lightweight 
installation and can easily be transported 
on a trailer. 

- Aluminium drilling mast and drill bit 

- Suitable for difficult terrain and tight 
environments 

- Advanced and very accessible installation 

- Slewing ring with 360° rotation possibility 

- Mounted on caterpillar base for optimal 
displacement 

KLEMM 
Bohrtechnik 

Drill rig KR 704-
3G 

Used for both small 
residential and large 

tertiary buildings 

Designed for demanding drilling tasks in 
urban environments and also within 

existing buildings, the new model scores 
with high performance, compact 

dimensions and low weight 

- 55 kW diesel engine 

- Option to use telescopic drill masts 

- Lateral pivoting of drilling axis +/- 45 
degrees 

- Hydraulic system with load sensing pump 
and load-independent volume flow 
control 

- 350 bar system pressure 

- All functions are radio remote controlled 

- Energy Efficient Package 
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GEOTeCH Project GEOTeCH drill-rig 
Used especially for 

small buildings 

Innovative drill-rig machine composed by 
a mechanical arm that provides steam 
hollow augers from a cassette (semi-
automatic feeder). All the system is fully 
controlled by a remote control where 
only one worker can operate the 
equipment. 

- Dry drilling technique 

- Quality Automated auger handling. 

- Automated operation for drilling and 
retracting the HSA auger string. 

- Containment and bagging of spoils  

- Total full up weight of the drill rig of 8 
tonnes. 

- The engine will have to be in the range of 
100-150 kW.  

FRASTE 
Drill rig Model 
Multidrill ML 

MAX 

Used for both small 
residential and large 

tertiary buildings 

Flexible, multitasking, powerful and top 
productivity rate. Properly designed to be 
fitted with the well-known and tested 
FRASTE, automatic drill pipes loading 
system manipulator. 

- 110 Kw power TIER 4 F 

- 56000 mm rotary head stroke 

- 60000 daN pull-up 

- Max rotary head speed 210 rpm 

- Clamp from 40 to 250 mm 

- Weight between 8650 and 9000 Kg. 
     

EuroDrill 

Vibrator drilling 
head model RHV 
1500; RHV 2400; 

DHV 24. 

Used for both small 
residential and large 

tertiary buildings 

Provide an ultimate drilling capacity with 
comparatively low power consumption. 
The modular design allows both a 
compact as well as a weight saving 
solution. 

- 70 m in sand / clay 

- Overburden technique 

- Drilling diameter: 220 mm  

- Wear-free pulling of the drill string 

- Working in a noise-sensitive area 

- Additional equipment available 

KLEMM 
Bohrtechnik 

Vibrator drilling 
head model : 
KH39; KH62; 

KH9SK; KH12SK; 
KH14SK 

Used for both small 
residential and large 

tertiary buildings 

The drives produce the maximum drilling 
performance in interplay with the carrier, 
the hydraulic drifter, the casing pipe and 
the drill bit. KLEMM rotary heads are very 
robust and have high power density 

- Max. torque 14.5 kNm 

- Max. speed 174rpm 

- Internal diameter from 94 mm to 180 mm 

- Mandrill, yes 

Table 6.8 ςComparative table of drilling equipment competitors 
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6.2 Identified competitors for heat exchangers 

For heat exchangers developed within GEO4CIVHIC project, some identified competitors are 
the following: 

- MuoviTech 

- Wieland thermal solutions 

- Jansen 

- Haka Gerodur  
- GEOTeCH Coaxial heat exchanger  

Company name: MuoviTech 
 

Company profile: 
MuoviTech is the European leader in products for geothermal 

energy, with own factories in Sweden, Finland, Poland, 

Netherlands, US and UK. Complete supplier of collectors, 

manifold chambers, distribution pipes, casing pipes, valves, 

fittings, and everything needed for installation until a heat 

pump / cooler. 

Solution type/name: TurboCollector® 

Description + picture 
TurboCollector® is a patented pipe with fins inside. 

The fins provide a more turbulent flow and extract 

more efficient energy than a pipe with a smooth 

inside.  

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 
- Lower operating time for the circulation pump: 

- Lower borehole resistance with lower flow rate  

- Borehole length more than 200m 

- High viscos fluid 

- High concentration of antifreeze 

- Cooling mode with oscillation loads 

Cost 
¶ 5-10% faster payback time of the entire system  

References: 
¶ http://www.muovitech.co.uk 

¶ http://www.muovitech.com/?page=turbo2&show=1 

Table 6.9 ς MuoviTech. Characterization of heat exchangers  

http://www.muovitech.co.uk/
http://www.muovitech.com/?page=turbo2&show=1
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Company name: Wieland Thermal Solutions 

 

Company profile: 

A part of the Wieland Group, Wieland Thermal Solutions is a 
global leader that designs and produces enhanced surface 
tubes and heat exchangers. In particular, the company has four 
product groups: 1) enhanced surface tubes, 2) low finned, 
medium-high finned, and high-finned tubes, 3) safety tubes, 
and 4) finned tunes and coaxial heat exchangers. Additionally, 
in manufacturing these products, they make use of six 
materials: aluminum, copper, copper-nickel, steel, stainless, 
ŀƴŘ ǘƛǘŀƴƛǳƳΦ ²ƛŜƭŀƴŘΩǎ ǇǊƻŘǳŎǘǎ ŀǊŜ ǿƛŘŜƭȅ ǳǎŜŘ ŀƛǊ 
conditioning and refrigeration, heating technology. Moreover, 
the company has a global presence τ with four productions 
(Germany, Portugal, U.S.A., and China) as well as sales and 
production on all continents. 

Solution type/name: Vibration Heads : GEWA-safe (cooper alloys); GEWA-safe (stainless steel) 

Description + picture 

Safety tubes are used for economical and safe heat transfer. The 
double wall tubes feature defined leakage paths for the absolutely 
reliable separation of fluids. For your individual requirements 
concerning fluid dynamics, we decide on the most suitable surface 
structure. Our GEWA-safe tubes are a reliable and safe choice for 
applications such as the direct heating of drinking water using critical 
fluids as in heating technology or for controlling the temperature of 
sensitive chemical processes. 
With the newly heat exchanger, the air/water hot-water heat pump is 
installed directly in the hot-water tank, ideally in the colder lower 
part. In the design of the heat exchanger, we have attached 
importance to achieving optimum heat transfer with minimum use of 
material. 

 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- For safe heating of drinking water in heat pumps, heat recovery, heat transfer units, as well as for 
transformer cooling 

- With metallic heat transfer for chemical/petrochemical processes and industrial heat recovery 
systems 

- Double walled safety tubes with defined leakage gaps paths are a safe option for fluid separate 

- Reduce material costs and fill levels with a more compact heat exchanger design. 

- Development of highly efficient heat transfer surfaces 

- Heat transfer laboratory with precise testing equipment 

Cost 

¶  
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References: 

¶ https://www.wieland-thermalsolutions.com/en/  
¶ https://www.wieland-thermalsolutions.com/en/products/finned-tubes/safety-tubes 
¶ https://www.wieland-thermalsolutions.com/en/industries/heating-technology/efficient-

domestic-hot-water-heat-pump 

Table 6.10 ς Wieland Thermal Solutions. Characterization of heat exchangers. 

https://www.wieland-thermalsolutions.com/en/
https://www.wieland-thermalsolutions.com/en/products/finned-tubes/safety-tubes
https://www.wieland-thermalsolutions.com/en/industries/heating-technology/efficient-domestic-hot-water-heat-pump
https://www.wieland-thermalsolutions.com/en/industries/heating-technology/efficient-domestic-hot-water-heat-pump
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Company name: Jansen 
 

Company profile: 
Jansen, a tradition-rich company with its headquarters in 

Oberriet, Switzerland, develops designs, manufactures and 

markets precision steel tube and steel systems as well as 

plastic products for the building and other industries. 

Solution type/name: JANSEN vertex premium corrugated pipe vertical ground loop 

Description + picture 
Compared to ordinary ground loops, JANSEN 

corrugated pipe ground loops are much more 

efficient. The outer corrugations increase the 

surface area, while the inner corrugations produce 

turbulence in the brine flow, which greatly 

increases the energy transferred.  
In addition, the optimized corrugation design 

increases the resilience and bendability of the 

loop for safer and quicker installation.  
The textured surface guarantees an efficient seal 

of the vertical borehole. The ground loop is 

delivered to site ready for installation, only the 

site welding remains to be done. 

  

Applications: 

Used for both  small residential and  large tertiary buildings 

Performance and features: 
¶ PE 100 RC 

¶ Different versions 

¶ Highest performance 

¶ Heating Cooling (free cooling), Air conditioning, Hot water production, Snow- and frost-free 
paved surfaces 

Cost 
Not available 

References: 
¶ http://www.jansen.com/en/ 

¶ http://www.jansen.com/en/plastic-solutions/products/products/geothermal-
systems/geothermal-systems-in-detail/p/jansen-powerwave-erdwaermesonden-69/ 

Table 6.11 ς JANSEN. Characterization of heat exchangers. 

 

http://www.jansen.com/en/
http://www.jansen.com/en/plastic-solutions/products/products/geothermal-systems/geothermal-systems-in-detail/p/jansen-powerwave-erdwaermesonden-69/
http://www.jansen.com/en/plastic-solutions/products/products/geothermal-systems/geothermal-systems-in-detail/p/jansen-powerwave-erdwaermesonden-69/
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Company name: Haka Gerodur 
 

Company profile: 

Leading manufacturer in the field of plastic extrusion. Haka 

AG was established in 1932 in St. Gallen and later merged 

with Gerodur AG, Benken SG. Haka Gerodur manufacture 

plastic products at three sites in Switzerland and Germany 

for the areas of heating & sanitary, piping systems, profiles 

and geothermal systems.  

Solution type/name: GEROtherm® Coaxial probes 

Description + picture 

The GEROtherm® Coaxial probe with a welded or threaded head and an 

outer diameter of just 63 millimetres is a solution for small drilling 

depths of up to 50 metres. It is easy to install and efficient. It is quick 

and easy to connect the flow and return pipes of the coaxial probe with 

the certified SAVE distributors.  

Applications: 

Small residential buildings 

Performance and features: 
¶ The individual solution up to 50 metres 

¶ Use near-surface geothermal energy (soil heat or soil cold) 

¶ The heat is transported by a liquid heat carrier such as a water/glycol mix (brine). 

Cost 
Not available 

References: 
¶ http://www.hakagerodur.ch  

¶ http://www.hakagerodur.ch/upload/downloads/en/erdwaerme/DAV_15-xxxx_EWS-
2113_Flyer_EWS_Bohrmeister_en.pdf 

Table 6.12 ς Haka Gerodur. Characterization of heat exchangers. 

 

http://www.hakagerodur.ch/
http://www.hakagerodur.ch/upload/downloads/en/erdwaerme/DAV_15-xxxx_EWS-2113_Flyer_EWS_Bohrmeister_en.pdf
http://www.hakagerodur.ch/upload/downloads/en/erdwaerme/DAV_15-xxxx_EWS-2113_Flyer_EWS_Bohrmeister_en.pdf
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Company name: GEOTeCH Project 

 

Company profile: 

GEOTeCH project aimed to stimulate and promote greater 
utilization of renewable heating and cooling using shallow 
geothermal GSHP systems through advancement of innovative 
drilling and ground heat exchanger technologies. 

Solution type/name: Stainless Heat Exchangers 

Description + picture 

The GEOTeCH project has developed a Spiral coaxial heat 
exchanger with the following advantages: 

- Improved thermal performance at laminar flow, 
allowing designs to be delivered using multiple 
shorter boreholes. 

- Improved hydraulic performance and lower pump 
energy costs/emissions. 

- Improved short-timescale response and enhanced 
thermal storage capacity. 

- Complete integration with the innovative dry auger-
based drilling technology. 

- HX installation within casing, reduced risk of failed 
installation or damage 

 

 

Applications: 

Used for both small residential and large tertiary buildings 

Performance and features: 

- Improved thermal performance at laminar flow 

- Improved hydraulic performance and lower pump energy costs/emissions. 

- Improved short-timescale response and enhanced thermal storage capacity. 

- Complete integration with the innovative dry auger-based drilling technology. 

- HX installation within casing, reduced risk of failed installation or damage 

Cost 

¶  

References: 

¶ http://www.geotech-project.eu/ 
¶ http://www.geotech-project.eu/leicester-small-scale-house-hold/ 

Table 6.13 ςGEOTeCH Heat Exchangers. Characterization of heat exchangers. 

 

 

http://www.geotech-project.eu/
http://www.geotech-project.eu/leicester-small-scale-house-hold/
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COMPETITOR ANALYSIS - Vertical borehole heat exchanger 

COMPANY PRODUCT 

APPLICATIONS 

PERFORMANCE FEATURES BORHOLE LENGHT Small 
residential 

build. 

Large tertiary 
build. 

Muovi Tech TurboCollector® x x 
Turbulent flow for the energy 

extraction 
Patented pipe with fins 

inside 
200 m 

Jansen 

JANSEN vertex 
premium 

corrugated pipe 
vertical ground loop 

x x 

Material: PE 100 RC 
Resistance to crack 

Turbulent flow for energy 
extraction; 

Heating; Cooling (free 
cooling); Air conditioning; 

Hot water production; Snow- 
and frost-free paved surfaces 

Corrugated pipe with 
increased surface area; 

 

Ground loop 
lengths 10 m to 

150 m 

 

Haka Gerodur 
GEROtherm® 

Coaxial probes 
x  

Material: PE 100 RC 
Resistance to crack 

 

With integrated 
GEROtherm® System - 

modular system 
components 

50 m 

GEOTeCH Project 
Spiral Coaxial heat 

Exchanger 
x  Material PE 

Whit integrated spiral 
system: for centering the 

inner tube, variability of flux. 
10 ς 80 m 

Table 6.14 ςComparative table of vertical borehole heat exchanger competitors 
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6.3 Identified competitors for heat pumps 

For the heat pump solution developed within GEO4CIVHIC project, some identified competitors 
are the following: 

- Ciat 

- ClimaVeneta 

- Daikin 

- Nibe 

- Vaillant 

 

Company name: CIAT 

 

CIAT offers a wide range of products in the fields of air 
conditioning, heating, refrigeration and air handling and 
provides expert guidance in sustainable solutions for comfort, 
air quality and energy optimisation 

Solution type/name: GeoCIAT Access 

Description + picture 

Heating only heat pump integrating the Geo-Cooling and Domestic Hot 
Water function as standard. GeoCIAT TM Access connects to vertical or 
horizontal sensors or groundwater thanks to the intermediate ITEX AGEO 
exchanger.Designed for low energy houses, GeoCIAT TM Access integrates 
all the components needed for the installation.It can be connected to 
emitters such as underfloor heating systems, comfort units (fan coil units, 
DIVIO dynamic radiators) or radiators.  

Applications: 

For low energy houses 

Performance and features: 

- Heating capacity of 4.7 kW at 0/-3°C 30/35°C 

- Cooling capacity of 6.12 kW at 10/7°C 30/35°C  

- Water/water  

- Scroll R410A compressor. 

- HomeConnect control with remote control station (remote I/O Homecontrol protocol) 

- Electronic expansion valve 

- Very high COP (coefficient of performance) (4.11 0/-3°C 30/35°C) 

Cost 

References: 

¶ http://www.ciat.com 

Table 6.15 ς CIAT. Characterization of Heat Pump  

http://www.ciat.com/
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Company name: Clima Veneta 

 

Climaveneta, a European leader in HVAC and HPAC with 40 
ȅŜŀǊǎΩ ŜȄǇŜǊƛŜƴŎŜΣ ƛǎ ƛƴ ōǳǎƛƴŜǎǎ ŦƻǊ ŀ ǇǳǊǇƻǎŜΥ ǘƻ ǇǊƻǾƛŘŜ 
energy efficient heating, air conditioning and data center 
ŎƻƻƭƛƴƎ ǎƻƭǳǘƛƻƴǎ ǘƘŀǘ ŜƴƘŀƴŎŜ ŜǾŜǊȅƻƴŜΩǎ ŎƻƳŦort, improve 
the profitability of a building and do not contribute to an 
increase in CO2 levels. They are the 1st European 
manufacturer and the 5th world group in central air 
conditioning. 

Solution type/name: BWR DHW2 0011-0121 

Description + picture 

Reversible heat pump, total heat recovery, geothermal source 5,00 - 34,0 
kW. The PRANA DHW2 heat pumps optimized for geothermal systems are 
reversible units for all year round operation in any operating mode: single 
cycle (air conditioning, heating, domestic hot water) as well as combined 
cycle in total heat recovery (domestic hot water together with cooling). 
Energy efficiency is highest during the summer cycle, when, thanks to the full 
recovery of the heat, the production of hot water is free. During the 
combined use, the DHW exchanger uses the temperature of the discharge 
gases to gets inside the accumulation sanitary water as high as 65° C.  

 

Applications: 

PRANA DHW2 is used in residential, hotel and small sector buildings. 

Performance and features: 

- Advanced technological choices aimed at reducing energy costs of 50% when compared to 
traditional systems 

- High efficiency and low pressure drop stainless steel AISI 316 plate exchangers (at the domestic 
hot water side). It is positioned next after the compressor and it ensures the domestic hot water 
production 

- The low energy consumption ensures a 60% reduction of CO2 emissions than traditional systems 
based on fossil fuel. 

Cost 

References: 

¶ http://www.climaveneta.com  

¶ http://www.climaveneta.com/Country/US/Prana/Products/12/optimized-heat-pumps-for-
heating/geothermal-reversible-heat-pumps-with-total-heat-recovery-optimized-for-
heating/179/bwr-dhw2-0011-0121.html 

Table 6.16 ς Clima Veneta. Characterization of Heat Pump 

http://www.climaveneta.com/
http://www.climaveneta.com/Country/US/Prana/Products/12/optimized-heat-pumps-for-heating/geothermal-reversible-heat-pumps-with-total-heat-recovery-optimized-for-heating/179/bwr-dhw2-0011-0121.html
http://www.climaveneta.com/Country/US/Prana/Products/12/optimized-heat-pumps-for-heating/geothermal-reversible-heat-pumps-with-total-heat-recovery-optimized-for-heating/179/bwr-dhw2-0011-0121.html
http://www.climaveneta.com/Country/US/Prana/Products/12/optimized-heat-pumps-for-heating/geothermal-reversible-heat-pumps-with-total-heat-recovery-optimized-for-heating/179/bwr-dhw2-0011-0121.html
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Company name: DAIKIN 

 

/ƭƛƳŀǾŜƴŜǘŀΣ ŀ 9ǳǊƻǇŜŀƴ ƭŜŀŘŜǊ ƛƴ I±!/ ŀƴŘ It!/ ǿƛǘƘ пл ȅŜŀǊǎΩ 
experience, is in business for a purpose: to provide energy efficient 
heating, air conditioning and data center cooling solutions that 
enhance evŜǊȅƻƴŜΩǎ ŎƻƳŦƻǊǘΣ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻŦƛǘŀōƛƭƛǘȅ ƻŦ ŀ ōǳƛƭŘƛƴƎ 
and do not contribute to an increase in CO2 levels. They are the 1st 
European manufacturer and the 5th world group in central air 
conditioning. 

Solution type/name: DAIKIN altherma 

Description + picture 

Low temperature heat pump-Integrated heating and hot water unit 
in one system. Build to withstand most severe winter conditions.  
Custom-made product for very low heat loads. Max capacity > heat 
load > min capacity: partial load compressor will reduce its frequency 
delivering the capacities required by the house, with high operating 
efficiencies. 

 

Applications: 

For new builds, as well as for low-energy houses 

Performance and features: 

- Liquid injection to avoid too high discharge temperatures when high water temperatures are 
required at low outdoor temperatures 

- Plate heat exchangers to maximise the heat exchange surface 

- The compressor can modulate down to low frequencies to offer the highest efficiencies over the 
relevant temperature range. 

- Factory-mounted high efficiency circulating pump already qualifying for future regulations 
(ErP2015) with an A-ŜƴŜǊƎȅ ƭŀōŜƭ ό99L Җ лΦноύ 

- COP (coefficient of performance) of up to 5.04 is reached. 

Cost : 

References: 

¶ http://www.daikin.com 

¶ https://www.daikin.com/products/ac/lineup/heat_pump/index.html 

Table 6.17 ς DAIKIN. Characterization of Heat Pump  

http://www.daikin.com/
https://www.daikin.com/products/ac/lineup/heat_pump/index.html
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Company name: NIBE 

 

NIBE is a Global Group contributing to a more sustainable world 
with solutions for indoor climate and comfort, as well as 
components and solutions for measuring, controlling, and 
electric heating.  NIBE has over 60 years of experience in 
manufacturing products for both residential and commercial 
use. It all began in southern Sweden, in the province of 
Småland. Today, NIBE has operations and sales on five 
continents. 

Solution type/name: bL.9ϰ Cмопр 

Description + picture 

The NIBE F1345 is one of a new generation of heat pumps, designed to 
supply heating and tap water needs in a cost-effective, environmentally 
friendly way. The new NIBE F1345 is more flexible than ever and with its 
advanced control system it can be adapted to several system solutions. Has 
to large scroll compressors. In systems with up to nine heat pumps and with 
a wide range of accessories e.g. for control of oil, gas, pellet fired or electric 
boilers, you find the full flexibility for your installation. NIBE F1345 is 
equipped with a multicolour display, multilingual support and simply 
upgradable software via the built in USB port. NIBE F1345 is manufactured 
in four sizes; these feature outputs of 24, 30, 40 and 60 kW. 

 

Applications: 

Commercial buildings with high heat demands NIBE F1345 is a ground source heat pump for multi-
occupancy buildings, industrial premises, churches and other buildings with a large heat demand. 

Performance and features: 

- High flow temperature (up to 65°C) ς means great installation flexibility  

- The heat pump consists of two units which contain less than 3 kg refrigerant per unit  

- Scheduling (indoor comfort, hot water and ventilation)  

- Docking possibility ς up to 540 kW in cascade 

- A ground source heat pump 

- High COP ς provides savings and shorter payback times 

Cost : 

Can lower energy cost up to 80% 

References: 

¶ https://www.nibe.eu/en-eu/  
¶ https://www.nibe.eu/en-eu/products/heat-pumps 

Table 6.18 ς NIBE. Characterization of Heat Pump  

https://www.nibe.eu/en-eu/products/heat-pumps
https://www.nibe.eu/en-eu/products/heat-pumps
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Company name: Vaillant 

 

Founded in Remscheid 140 years ago, the Vaillant Group today 
supplies innovative hot water, room heating and cooling 
solutions to countries all over the world. Company develops 
high-efficiency products that save energy and conserve 
resources. 

Solution type/name: Geo THERM 

Description + picture 

Heat pumps take up to 75 % of the required energy from the environment. 
Only 25% of the energy has to be added in the form of electricity. It extracts 
energy using a geothermal probe or a ground collector and supplies heat in 
winter, passive cooling during summer plus hot water at all times. It extracts 
energy using a geothermal probe or a ground collector and supplies heat in 
winter, passive cooling during summer plus hot water at all times.  There is 
an integrated hot water cylinder, likewise an auxiliary electric heater and a 
weather-compensating controller. 

 

Applications: 

Use in single, double, or multi-family houses 

Performance and features: 

- Ground source 

- Emission-free 

- Efficient: up to 75 % of the energy comes from the environment, only 25 %  must be added in the 
form of electricity 

- Hot water cylinder, auxiliary electric heater and a weather-compensating controller 

- The output range from 6 to 17kW supplies single and dual-occupancy houses 

- The output range from 22kW supplies for multi-family houses, commercial properties and other 
buildings with up to 400m² floor space 

Cost : 

Simple high-value technology with low maintenance and a long service life 

References: 

¶ https://www.vaillant.com 

¶  https://www.vaillant.com/what-we-do/technologies-to-make-people-feel-good/how-different-
technologies-work/heat-pumps/index.en_gb.html 

Table 6.19 ς Vaillant. Characterization of Heat Pump. 

https://www.vaillant.com/
https://www.vaillant.com/what-we-do/technologies-to-make-people-feel-good/how-different-technologies-work/heat-pumps/index.en_gb.html
https://www.vaillant.com/what-we-do/technologies-to-make-people-feel-good/how-different-technologies-work/heat-pumps/index.en_gb.html
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COMPETITOR ANALYSIS - Dual source heat pump 

COMPANY  PRODUCT 
ENERGY 

SOURCE 

APPLICATIONS  
PERFORMANCE/  

COP(coefficient of 

performance) / 

EER (Energy efficiency ratio) 

POWER 

COMPRESSOR/ 

REFRIGERANT  

Small 

resident. 

build. 

Large 

tertiary 

build. 

Heating Cooling 

Ciat 
GeoCIAT 

Access 

Water / water 

heat pump 

x 

Low 

energy 

houses 

 

Heat pump integrating the Geo-

Cooling and Domestic Hot 

Water function as standard. 

COP of 4.11 at 0/35°C 

4.7 kW 

at 

0/35°C 

 

6.12 kW at 

0/35°C 

Hermetic Scroll TOR 

type Compressor  - 

Refrigerant 

R410A 

Clima 

Veneta 

BWR DHW2 

0011-0121 
Ground source x x 

Reversible heat pump; 

single cycle (air conditioning, 

heating, domestic hot water) as 

well as combined cycle 

(domestic hot water together 

with cooling); 

Significant increase in the 

overall COP 

5- 34 

kW 
5- 34 kW 

Hermetic Scroll type 

Compressor equipped 

with the crankcase 

heater and thermal 

protection 

 

Daikin 

 

 

 

 

DAIKIN 

altherma 
Ground source 

x 

For new 

builds, as 

well as 

for low-

energy 

houses 

 

Low temperature heat pump-

Integrated heating and hot water 

unit in one system 

COP of up to 5.04 is reached 

EER of 3.37 

4-16 kW  

Low-capacity: 

4-8kW range is 

equipped with swing 

compressor 

High-capacity: 

11-16kW range is 

equipped with scroll 

compressors 

Nibe NIBEÊ F1345 Ground source  x 
Heating and tap water needs; 

COP of up to 4.65 at 0/35 °C. 
24 ï 60 

kW 
 

Two large scroll 

compressors; 

Refrigerant 
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R 407 C or R 410 C 

Vaillant  GeoTHERM Ground source x x 

Evaporator with injection system 

for increased heat transfer; 

Weather compensated energy 

balance control; 

Maximum flow temperature of 

up to 62°C for domestic hot 

water; Multi-stage Sound 

Insulation (MSI) for ówhisper 

quietô operation: 

COP of 4.2 

6 ï 46 

kW 
 

Refrigerant 

R 407 C 

 

Table 6.20 ςComparative table of Heat Pump competitors 
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7 Key success factors for GEO4CIVHIC solutions 

Geothermal energy continues to expand as it meets both electrical energy needs and heating 
and cooling needs. However geothermal energy's deployment over the past decade has 
remained far below its potential in Europe and well off the National Renewable Energy Action 
Plan targets. Nevertheless. EGEC has observed a clear renewed interest in geothermal energy 
across Europe, in particular for heat/cooling production. This is emerging as a consolidated 
drive in the key markets (the Netherlands, France, Germany), and by the emergence of new 
markets or the revitalisation of stable markets such as Poland, Belgium, Croatia and Greece. 
The signals across Europe regarding geothermal electricity are mixed and regulatory 
uncertainty has to take the blame for the slowdown in developments.  

COUNTRY 

2017 2018 

TOTAL 
FINAL ENERGY 
CONSUMPTION 

DERIVED 
HEAT 

TOTAL 
FINAL ENERGY 
CONSUMPTION 

DERIVED 
HEAT 

FRANCE 170,1 40,2 130 187,3 40,2 147,2 

ITALY 149,8 130,8 18,9 149,1 128,1 21 

HUNGARY 127,5 61,8 65,7 124,2 63,5 60,7 

GERMANY 100,4 85,1 15,3 106,6 85 21,6 

NETHERLANDS 72,8 72,8 0 89,1 89,1 0 

SLOVENIA 48,3 47,8 0,4 48,9 48,4 0,5 

BULGARIA 34,6 34,6 0 34,6 34,6 0 

ROMANIA 32,5 26,2 6,3 31,3 25,5 5,9 

AUSTRIA 26,7 12,6 14,1 25,6 11,9 13,7 

POLAND 22,6 22,6 0 23,7 23,7 0 

SPAIN 18,8 18,8 0 18,8 18,8 0 

GREECE 8,8 8,8 0 8,9 8,9 0 

CROATIA 8,2 8,2 0 7,6 7,6 0 

SLOVAKIA 5 1,5 3,5 5,2 1,4 3,8 

PORTUGAL 1,6 1,6 0 1,7 1,7 0 

CYPRUS 1,6 1,6 0 1,6 1,6 0 

DENAMARK 1,8 0 1,8 1,3 0 1,3 

BELGIUM 1,2 0 1,2 1,3 0 1,3 

UNITED 
KINGDOM 

0,8 0,8 0 0,8 0,8 0 

CZECHIA 0 0 0 0 0 0 

ESTONIA 0 0 0 0 0 0 

IRELAND 0 0 0 0 0 0 

LATVIA 0 0 0 0 0 0 

LITHUANIA 0,4 0 0,4 0 0 0 

TOTAL EU 28 833,5 575,9 257,6 867,6 590,8 276,8 

Table 7.1 ς Heat consumption from geothermal energy in the countries of the European Union in 2017 
and 2018 (in ktoe). Source: 9ǳǊhōǎŜǊǾΩ9wxxv 

                                                 
xxv https://www.eurobserv-er.org/category/2019/ 

https://www.eurobserv-er.org/category/2019/
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Figure 7.1 Heat Consumption from heat geothermal energy in the countries of the European 
Unionxxv  

Climate and Energy Action Plans and this applies to most of the Member States. Current market 
dynamics ς leaving aside application of the 2018 Renewable Energy Directive ς equate to an 
increase of almost 11 GWth for geothermal energy capacity in heating networks, and up to 3 
GWe for geothermal electrical energy by 2030. The European Commission's political resolve 
restated through the presentation of its Green Deal on 11 December, to make Europe the 
world's first climate-neutral continent by 2050, can only give the geothermal sector a boost. 
The sector views the Green Deal as an opening to fully exploit the potential of geothermal 
energy and support the technological development of its sectors.  

 

Figure 7.2 Comparison of the geothermal heat generation trend against the NREAP (National 
Renewable Energy Action Plan) roadmap (in Ktoe) xxv 
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Currently, building environmental systems that employ shallow geothermal technology are 
arguably the most efficient in meeting building heating and cooling demands. They are often 
the second most cost effective solution in extreme climates (after co-generation), despite 
reductions in thermal efficiency due to ground temperature (the ground source is warmer in 
climates that need strong air conditioning, and cooler in climates that need strong heating) 
[27]. 

In nearly all Member States, their application can result in the lowest consumption of primary 
energy resources in delivering heat for buildings of all types. Furthermore, GSHP technology 
offers the best opportunity for both maximising the benefits of renewable electricity sources 
and reducing energy consumption from conventional power sources for heating applications 
[28]. 

The GEO4CIVHIC project will contribute to meet the aforementioned major challenges by 
advancing in the development of innovative geothermal heating and cooling technologies and 
new whole-system solutions, besides demonstrating their effectiveness. 

Specifically, GEO4CIVHIC project focuses on four key aspects, whose specific innovation will be 
illustrated in the following subchapters. 

7.1 Vertical borehole drilling technology 

Traditional and current Context 

Several drilling methods are existing since years to install borehole heat exchangers into the 
ground up to 100 ς 150 meters. Rotary drilling with abundant flushing water or down to the 
hammer drilling with compressed air/fluid mixtures are the standard today. Piling with 
powerful and bulky vibration-rotation heads displacing instead of removing the soil is also a 
method used to install single, double U or coaxial heat exchangers out of plastic.  

Innovative context 

One of the methods developed within Cheap-GSHPs also uses piling to push co-axial heat 
exchangers in the ground. The method uses a newly developed rotary head with moderate 
vibration power at low frequency and small amounts of water injected at the tip of the heat 
exchangers to loosen the soil. 

The drilling method used in Cheap-GSHPs substantially shortens installation time and hence the 
drilling costs with 20-30 % in comparison with the standard methods (refer to an appendix with 
the Cheap installation costs). Field tests and demonstrations in Cheap-GSHPs have proven this 
performance in soft unconsolidated underground (clay, sand) but in the presence of gravel or 
consolidated soil problems may arise. With a more efficient and powerful vibration-rotation 
head, this drilling performance can be achieved in all types of unconsolidated and even 
consolidated soil. Such geological conditions are often present in cities that were generally built 
along rivers where alluvium is present. The dry auger method, used in GEOTeCH, is not 
expected to go beyond the state of art due to its limitations in depth and diameter. 

GEO4CIVHIC Innovation 

The key for success with the vibration-rotation method is the reduction of the rod/casing 
friction. Much less torque is required and drilling is faster. This drilling performance is 
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maintained in different soil conditions by adjusting vibration frequency (up to 115 Hz) and 
amplitude. Drilling speeds range from 1 m/min in soft soil to 3 m/min in difficult undergrounds. 
Speed may also depend on the diameter and the drilling depth. These will be optimized during 
the design phase.  

ThyssenKrupp Infrastructures a partner of the GEO4CIVHIC consortium is developing a small 
VibroDrill head that can be used inside buildings (low rooms, cellars, underground parking 
garages, etc.) and inner courtyards or gardens (like historical buildings with an inner square, 
new building complexes with green areas, etc.). The new VibroDrill head is compact in overall 
dimensions (like length, ǿƛŘǘƘ ŀƴŘ ƘŜƛƎƘǘύΣ ƛƴ ŀ άƭƛƎƘǘ ǿŜƛƎƘǘ ǾŜǊǎƛƻƴέΦ ¢ƘŜ ƘŜŀŘ Ǌǳƴs on a 
reduced hydraulic oil flow (to reduce the required kW of the power pack). With operating 
frequencies of more than 100 Hz (>7000 bpm) it drills through nearly all soil conditions, even 
concrete floors in rooms and cellars and underground parking garages as well as layers of clay, 
gavel, sand and soft rock.  

Furthermore, they reduce the required flow of the flushing media (like water or air) to avoid 
flooding and contaminating sites, especially when drilling inside historical buildings. Two 
options have been developed:  

i. Drill with internal rods, loosening and clearing the soil with the V-shaped drill bit whilst 
pulling down the external tube of a coaxial heat exchanger that is fixed on the drill bit. 
After drilling, grout through the internal hollow rods, disconnect the internal drill rods 
from the drill bit and remove them. Insert the inner plastic tube of the co-axial heat 
exchanger. 

ii. Drill with external drill rods having a larger diameter and using a sacrificial drill bit. Insert 
after drilling a steel or plastic co-axial heat exchanger. Then start grouting whilst pulling 
out the external drill string, after having left the lost drill bit behind at the bottom of the 
hole 

The table below highlights the differences between state of art drilling methods and the 
GEO4CIVHIC innovations 

Water l/min

Vibration

Casing NO YES
Hollow auger as 

casing

HX installed and 

take auger out

Externall tube as 

casing and drill rod

Internal drill rod 

pull external tube

Internal drill rod pulling 

external tuube

Large drill and insert 

tube

Drill bit
Part of heat 

exchanger tip

Drag bit chevron to 

loose

Hole diameter

Drilling head

State of Art

Patents

Heat exchanger

Grouting NO Through drill rod Through drill rod Always

Single U, Double U,CoaxialSpiral coaxial/ smooth tube plastic Coaxial steel Second generation coaxial steel or plastic

'Estándar'

Always Yes

Conventional Improved/unconvenctional Improved/unconvenctional Innovative

Standard 
Extension of original patent in 

preparation
Can use the extended patent

Cutting head with teeth and end-plate 

New drilling bit to loose

130-180 63-125 50-80 80-150

Standard Developed in Cheap-GSHPs GEO4CIVHIC innovation

NO NO Moderate Heavy

Tricone drill bits being 

reused

Cutting head with teeth and end-plate 

options

Rotary 

150-200

GEOTeCH technology Cheap-GSHPs Technology GEO4CIVHIC Innovation

0 20-30 20-30

 

Table 7.2 ς Differences between current & innovative drilling methods and GEO4CIVHIC innovations 

To fully exploit the new rotation-vibration drilling head, HYDRA another partner of GEO4CIVHIC 
consortium is building a versatile and compact drilling rig. Due to the reduced friction with the 
soil, inherent to this technology, and the low power needs of the power pack, a small machine 
is sufficient. This reduces the weight. With its low weight and small dimensions, the drilling is 
able to reach difficult accessible areas. Even cranes can be used to get the machine in remote 
gardens.  
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7.2 Vertical Coaxial heat exchanger technology 

Traditional and current Context 

The GEO4CIVHIC project focuses on the development of a coaxial heat exchanger that in 
specific circumstances can provide an alternative to the most widely applied system of vertical 
borehole heat exchanger in the EU, namely the vertical U-loop system. The U-loop, also known 
as a closed loop system consists of piping installed in a borehole drilled in the earth through 
which a heat-transfer fluid circulates. Through pipework the vertical loop is connected to the 
heat pump. The circulating heat transfer fluid does not come in direct contact with the earth. 
Closed-loop systems can be designed to meet a wide range of heating and cooling needs, from 
those of an individual house to the ones of very large commercial buildings. 

The straightforward U-loop, or double U-loop systems, still dominates the market. They are 
usually made of PE100xxvi, having a diameter/wall thickness ratio of 11 (SDR11), and their 
pressure class is usually PN16. Following, indicative geometric configurations and average 
properties are shown in the table below [29]. 

 

Components Parameters Specifications 

BHE configurations 

Borehole 

- Borehole depth: 80 m 

- Borehole distance: 6 m 

- Drill-hole diameters: 121 mm, 165 mm and 180 mm 

U-Pipe 

- Pipe type: Double-U 

- Pipe shank spacing: 70 mm 

- Pipe outer diameter: 32 mm 

- Pipe wall thickness: 3 mm 

BHE properties 
Grouts 

- Volumetric water content: 31% 

- Grouting density: 1.8 g/cm3 

U-Pipe - Pipe thermal conductivity: 0.42 W/m/K 

Fluid properties 
Heat carrier 

fluid 

- Fluid density: 1.11 g/cm3 

- Fluid volumetric thermal capacity: 3.8 MJ/m3 /K 

Table 7.3 ς Geometric configurations and material properties for the BHE  

Innovative context and GEO4CIVHIC Innovation 

Coaxial heat exchangers out of stainless steel with their lower borehole resistance extract 10 ς 
20 % more energy from the underground. Design improvements (larger diameter, insulated 
inner tube, helicoidally shaped vanes) are further increasing this gap. An increase in diameter 
from 50 mm to 80 mm has shown in simulations a yield increase of 12 ς 13 % 21 and is being 
tested under real load conditions in the field. It is now possible with the powerful vibration-
rotation method to increase the tube diameter further up to 100+ mm and the borehole 
diameter to 130 ς 150 mm without impacting much on installation speed and possibly depth. 
An optimization exercise and cost/benefit analysis taking into account the above-mentioned 
parameters has led to the best solution, which may even depend on the soil. The outcome of 

                                                 
xxvi Polyethylene Pipe of Minimum Required Strength (MRS) equivalent to 10 MPa, in accordance with ISO 12162 
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running projects (i.e. internally insulated tube and helicoidally shaped vanes from GEOTeCH 
and Cheap-GSHPs; plastics with higher thermal conductivity and use of Phase Change Materials 
from GEOCOND and TESSE2b) will be integrated in the design based on the facts from field 
demonstrations. Finally, the most recent high conductivity grout will further enhance the 
thermal performance since there is no danger of thermal bridging losses with co-axial heat 
exchangers. Net, a higher thermal performance in the order of 20-30% over the performance of 
ŘƻǳōƭŜ ¦Ωǎ ǿƛƭƭ ōŜ ŀŎƘƛŜǾŜŘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜŘΦ 

7.3 Dual source heat pumps  

Traditional and current Context 

Condensing gas boilers are usually installed today in renovations. They have low initial costs, 
but do not use renewable energy and cannot provide cooling (direct expansion air-conditioners 
are used instead). The heat pump uses renewable energies and provides cooling as well. 
Cooling demand is on the rise, even in more Northern climates due to much better insulated 
buildings (internal heat gains), demand for comfort and climate change. Heat pumps are one of 
the main solutions in the drive to use more renewable energy for heating and cooling. Air to 
water heat pumps sales exceed in a ratio 2/1 the sales of water to water types from water or 
ground sources. The reason is the lower investment cost for the entire system despite higher 
running costs due to a lower energy efficiency. In deep retrofits reaching NZEB status, the 
stakeholders ask for low cost, compact, easy to install HVAC plants of low capacity (3-6 kW). 
Such heat pumps are not readily available on the market due to the lack of appropriate 
components, mainly compressors. The available space in city centres and the lower efficiencies 
may limit the use air-to-water heat pumps especially in multi-user buildings.  

Innovative context and GEO4CIVHIC Innovation 

Therefore, GEO4CIVHIC is developing a small-ǎƛȊŜ ƎŜƻǘƘŜǊƳŀƭ ƘŜŀǘ ǇǳƳǇ ƴŀƳŜŘ άtƭǳƎ & tƭŀȅέΦ 
The machine of modular design is very compact, equipped with on board control devices, 
pumps, buffer tanks for Domestic Hot Water and for the heating/cooling system if required. 
The system is easy to install and connect to the distribution systems for terminals and SHW 
without the need for additional pumps and control devices. The layout is being designed for 
easy maintenance and accessibility to the components.  

Two versions with respectively inverter-driven and ON/OFF compressor will be tested in the 
field to define the one with the best performance factors. This solution may be applied in single 
family houses as well as decentralized solutions in multi-apartment buildings. Heat pumps 
operating at medium/high temperatures (50 ς 70 °C) with good yields is another topic in 
renovations to avoid costly replacement of radiators (or not feasible in historic buildings for 
conservation reasons). Heat pumps using low pressure refrigerants (like R134a) do not have 
good yields since the compressors on the market are not optimized for these working 
conditions. A two-step heat pump using CO2 as one of the refrigerants was developed and 
tested in Cheap-GSHPs project. The machine is being improved further based on the learnings 
from the demonstration case in Cheap-GSHPs, in particular the control strategy optimization. 
This second generation machine has a higher COP and address the application in a partial 
retrofit in historical buildings and others when part of the terminals are changed to low 
temperature but the radiators remain at high temperature. 
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Dual source pumps (i.e. air and ground) were recently introduced to reduce demand from the 
soil and to increase overall efficiency. Its application is still limited since the concepts and 
controls for their design are not yet very well known. This dual source heat pump will be 
operated and analysed in GallettiΩǎ heat pump research centre, which has been also a demo site 
in GEOTeCH project. The second generation of these pumps have improved controls. Finally, 
the heat pump concepts, dual source and high temperature are combined in a solution to 
reduce installation costs (less geothermal demand, hence less drilling costs) and to achieve 
good performances at high temperature. 

7.4 {ƻŦǘǿŀǊŜ ŀƴŘ ǘƻƻƭǎΥ .ǳƛƭŘƛƴƎ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ !ǇǇΩǎ 

Current Context 

One of the barriers to a wide application of geothermal plants is the lack of trust and 
knowledge of consumers and policy makers [30]. Geothermal systems are complex and require 
specific knowledge and the involvement of several disciplines for the design and the 
implementation. Decision Support Systems (DSS) can simplify the implementation and help 
restoring the confidence.  

New and deeply retrofitted buildings need to be NZEB according of the EU directives and 
challenges. This requires a higher use and a better integration between renewable energy 
sources. In the medium term, NZEB will also become a topic of interest to reduce building 
emissions further. If the advantages of geothermal energy and other RES are clear at the design 
stage, a well-managed operation is necessary to realize the benefits. Different control 
strategies vary the final performance of a system significantly and smart algorithms can ensure 
optimal performance of complex systems with multiple renewable sources.  

Innovative context and GEO4CIVHIC Innovation 

The GEO4CIVHIC objective here is about the development or improvement of holistic tools 
currently unavailable on the market that will support the feasibility study and the 
design/selection of the most appropriate geothermal solutions. To maximize the efficiency of 
such shallow geothermal plants, other RES are included; control strategies are developed in an 
integrated Building Energy Management System (BEMS). The BEMS comprises a middleware 
that establishes communication with physical devices such as the GSHP, smart meters and 
other RES, including different protocols to be compatible with several manufactures. A 
management Application with a friendly interface will be developed for the user. 

An important add-on will be the drillability guide and the development of a Smartphone/tablet 
application for the preliminary drilling feasibility assessment in the field by non-expert users. 
Such a holistic DSS with a user-friendly web access is not publicly available to our knowledge.  
The DSS will identify the feasibility (both technical and economic) of shallow geothermal 
retrofits and assist in the selection of the appropriate technology. In the virtual demonstration 
cases the best geothermal system will be selected (GSHE and HP combination) using the tool. 
The holistic GEO4CIVHIC DSS approach reduces the engineering costs with up to 10 %.  

An Application is being developed to allow the user (drillers, owners, designers) on site to 
complete a preliminary evaluation of the feasibility of the GSHP system in that specific 
underground. The smart phone/tablet based application is based on the drillability maps 
developed in the project. 
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8 Preliminary Business Models 
Capitalizing on the market assessment, the goal of this subchapter is to develop appropriate 
business models (BMs) that will allow a wide deployment of the proposed approach and the 
related technological solutions within the identified market segments, enhancing their 
replication potential. The business model(s) in the scope of this project will include the 
identification and related description of the main actors or stakeholders involved in the 
concept, a careful analysis and definition of the value proposition and competitive advantage 
over competing technologies, the analysis of revenues and costs generation mechanisms, the 
identification of suitable distribution channels, and the identification of key activities, 
partnerships and resources.  

In this section, fourteen Business Models are defined as preliminary exploitable results 
developed within GEO4CIVHIC project. Consortium partners have contributed to determine the 
following initial business models - based on the Business Model Canvas approach - providing 
fundamental information. 

Due to unparalleled COVID19 measures in Europe, it was impossible to carry out the planned 
face to face business workshop with the involved partners. Despite of that, several online 
meeting have taken place with the most relevant partners in order to extract some vital 
information about the preliminary business innovations of the project. 

8.1 Methodology 

In this report, business model canvas has been used for business model stand-alone products to 
represents the business model solutions and gets a good picture of the business model. A 
business model can be described by looking at a set of nine building blocks to get a good 
picture of the business model that should be described with nine blocks ; 

1. Customer Segments : Groups of customers with different characteristics 
2. Value Proposition : The bundles of products and services that satisfty the customers 
ǎŜƎƳŜƴǘǎΩ ƴŜŜŘǎ 

3. Distrubution Channels : The channels through which we communicate with the 
customers and through which we offer the value propositions. 

4. Customer Relationships : The types of relationships we entertain with each customer 
segment.  

5. Revenue Streams : The streams through which we earn our revenues from the 
customers for value creating and customer facing activities. 

6. Key Resources : The key resources on which the business model is built. 
7. Key Activities : The most important activities performed to implement the business 

model. 
8. Key Partners : The partners and suppliers we work with.  
9. Cost Structure : The costs that incur to run the business model.  

Given that this report is the first version of the market and business innovation, the preliminary 
business model only for the different technologies developed in the project is presented. The 
second version of the document will take into account the continuous surveillance on both i) 
development and testing of the technologies and ii) market development. A specific and in 
depth analysis will be performed for the reported business models. 
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The stakeholder map is important in the description of business model for an integrated 
solution, because it provides a visual guide for project teams to help communicate to all vested 
interests. The service system map is important as it presents the all main roles of actors in a 
visual way to provide a complete picture of the integrated solution. The second version of this 
report will go back to those two complementary analyses later.  

8.2 Business models - stand-alone products 

Consortium partners agreed on performing different business models for 14 preliminary 
exploitable results, because their development have reached high TRL levels which make the 
results as products and/or services pretty close to the market, hence almost ready for 
commercialization.  

Whilst the GEO4CIVHIC technologies are interoperable and they can be integrated to offer a 
comprehensive solution, the following results can be exploited in the market as stand-alone 
products/services. For this reason, different business models are necessary to bring them to the 
market as separate products/services which target different customer segments for different 
applications.  

The list of the 14 preliminary business model are presented in the follow and extended in the 
following subchapters 

1. Versatile, compact drilling rig for pilling with vibration-rotation drilling head 
2. Semi-automatic feeder for drilling rods and co-axial tubes mounting 
3. Modular design of a vibratory hammer drill 
4. Dual source heat pump for high temperatures 
5. Coaxial plastic pipe with advanced materials 
6. Improved metallic coaxial borehole heat exchangers 
7. Shallow ground heat exchangers obtained by means of the adaptation of the well points 

system 
8. Efficient co-axial heat exchanger for pilling vibration-rotation heat (HYDRA-RED Method) 
9. Efficient co-axial heat exchanger for compact vibration-rotation drilling head and drill bit 

(TKI Method) 
10. We accessible decision support tool for shallow geothermal in building retrofits 
11. Integrated control for BMS programming 
12. Application for supporting in situ workers on geothermal field 
13. Application for easy management of energy 
14. Interface tool to assess the impact of GHEs in close proximity 
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8.2.1 Versatile, compact drilling rig for pilling with vibration-rotation drilling 
head 

This versatile, compact drilling rig performs drilling for installation of Borehole Heat Exchangers 
in the built environment. The drilling rig can be even operated by means of a remote control 
system. 

 

Figure 8.1 Business model canvas ςCompact drilling rig 

VALUE PROPOSITION 

The value proposition provides an innovative drill-rig, based on its suitability for urban 
environment that permits working in reduced spaces. The drilling equipment value was added 
in terms of: 

- Robust, compact equipment capable of working in restricted areas. 

- Low noise and pollutant emissions. Respecting solution for the inhabitants living 
standard suitable for urban environment.  

- Integrated solutions for drilling and installation of heat exchangers.  

- Skills requirement for operatives is limited. 

- Improved safety and working conditions. 

CUSTOMER SEGMENTS  

Business model targets mainly drilling companies, engineering and energy companies as 
customer segments to provide drilling equipment. 

CUSTOMER RELATIONSHIP 
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The value proposition of the business model can be provided to customer segment as direct 
contact. This relationship can be business to business contact with end users. 

CHANNELS 

The main channels are dedicated website and exhibitions to offer drilling equipment solution in 
the market. Some marketing and dissemination activities like customer demonstration days and 
articles in specialized media can support to engage the solution with customer segment as 
channels. 

KEY ACTIVITIES 

The most important key activities performed to implement the business model are 
manufacturing activities, certification of selling, design and construction of the machinery and 
related testing.  

KEY PARTNERS 

Key partners in the consortium are HYDRA and involved partners are TKI, RED, GEOSERV and 
GEOGREEN. Partners out the consortium are commercial drilling companies and energy 
associations.  

KEY RESOURCES  

Implementing these technologies needs comprehensive knowledge which is main resource to 
offer innovative drilling technology based solution.  

COST STRUCTURE 

Cost structure of this business model is based on manufacturing cost of drilling equipment, 
marketing cost, certification cost, periodic maintenance cost and replacement cost of 
components.  

REVENUE STREAMS 

Revenue model is mainly based on sales of the product, training services, maintenance services, 
customisation activities, replacement revenue of new components. 
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8.2.2 Semi-automatic feeder for drilling rods and co-axial tubes mounting 

Innovative system for handling of the drilling rods made by magnetic device. It can be mounted 
in a wide range of construction machine (an excavator for example) 

 

 

Figure 8.2 Business model canvas ςSemi-automatic feeder for drilling rods 

VALUE PROPOSITION 

The value proposition provides a semi-automatic feeder for drilling rods based on innovative 
magnetic source that permits to reduce the drilling time. The semi-automatic feeder value was 
added in terms of: 

- Compatibility with different kinds of drilling machines 

- Innovative and powerful magnetic device 

- Enhanced personal safety 

- Reduction of the number of  operators 

- Reduction in drilling time activities 

CUSTOMER SEGMENTS  

Business model targets mainly for drilling companies, engineering and energy companies as 
customer segments to provide drilling equipment. 

CUSTOMER RELATIONSHIP 

The value proposition of the business model can be provided to customer segment as direct 
contact. This relationship can be business to business contact with end users. 
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CHANNELS 

The main channels are dedicated website and exhibitions to offer drilling equipment solution in 
the market. Some marketing and dissemination activities like customer days demonstrations 
and articles in specialized media can support to engage the solution with customer segment as 
channels. 

KEY ACTIVITIES 

The most important key activities performed to implement the business model are 
manufacturing activities, certification of selling, design and construction of the machinery and 
related testing.  

KEY PARTNERS 

Key partners in the consortium are HYDRA. Partners in the consortium are commercial drilling 
companies and energy associations.  

KEY RESOURCES  

Implementing these technologies needs comprehensive knowledge which is the main resource 
to offer innovative drilling technology based solutions.  

COST STRUCTURE 

Cost structure of this business model is based on manufacturing cost of drilling equipment, 
marketing cost, certification cost, periodic maintenance cost and replacement cost of 
components.  

REVENUE STREAMS 

Revenue model is mainly based on sales of the product, training services, maintenance services, 
customisation activities, replacement revenue of new components. 
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8.2.3 Modular design of a vibratory hammer drill 

Design of the unbalance shafts with regard to changes in frequency and eccentric moment with 
constant centrifugal force and constant hydraulic input parameters - The unbalanced shafts are 
designed so that the frequency and the eccentric moment can be changed in just a few steps. 
Balance weights are screwed to the shafts to adjust the eccentric moment. The frequency is 
brought about by a hydraulic motor exchange. The hydraulic input parameters on the motors 
remain the same. A new setting of the carrier device is not necessary. 

The balance weight is designed in such a way that the centrifugal force remains constant at a 
higher engine speed. 

 

Figure 8.3 Business model canvas ςModular design of a vibratory hammer drill 

VALUE PROPOSITION 

The value proposition provides a module of a vibratory hammer drill based on changes in 
frequency and eccentric moment with constant centrifugal force and constant hydraulic input 
parameters that permit that the frequency and the eccentric moment can be changed in just a 
few steps. The semi-automatic feeder value was added in terms of: 

- Flexibility in using it in all geological conditions 

- Constant input parameters and centrifugal forces 

- Quick and easy change of vibrator frequency 

- High penetration in different geological conditions 

- Faster than current drifters 

CUSTOMER SEGMENTS  
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Business model was built on mainly for drilling companies, engineering and energy companies 
as customer segments to provide drilling equipment. 

CUSTOMER RELATIONSHIP 

The value proposition of the business model can be provided to customer segment as direct 
contact. This relationship can be business to business contact with end users. 

CHANNELS 

The main channels are dedicated website and exhibitions to offer drilling equipment solution in 
the market. Some marketing and dissemination activities like customer demonstration days and 
articles in specialized media can support to engage the solution with customer segment as 
channels. 

KEY ACTIVITIES 

The most important key activities performed to implement the business model are 
manufacturing activities, certification of selling, design and construction of the machinery and 
related testing of the technology.  

KEY PARTNERS 

The key partner in the consortium is TKI. Partners out the consortium are commercial drilling 
companies and energy associations. 

KEY RESOURCES  

Implementing these technologies needs comprehensive knowledge which is main resource to 
offer innovative drilling technology based solution.  

COST STRUCTURE 

Cost structure of this business model is based on manufacturing cost of drilling equipment, 
marketing cost, certification cost, periodic maintenance cost and replacement cost of 
components.  

REVENUE STREAMS 

Revenue model is mainly based on sales of the product, training services, maintenance services, 
customisation activities, replacement revenue of new components. 
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8.2.4 Dual source heat pump for high temperatures  

 

Figure 8.4 Business model canvas ςDual source heat pump for high temperatures 

VALUE PROPOSITION 

The value proposition provides a dual source heat pump based on its multi functionality and 
adaptability that allows the delivery of both high and low temperatures. The heat pump value 
was added in terms of: 

- Dual source heat pump for high temperature 

- Easy installation (Plug & Play) 

- Ecological refrigerant 

- Reversible (heating, cooling) 

CUSTOMER SEGMENTS  

The business model targets mainly engineering and energy companies as customer segments to 
provide adaptable heat pump equipment. 

CUSTOMER RELATIONSHIP 

The value proposition of the business model can be provided to customer segment as direct 
contact. This relationship can be business to business contact with end users. 

CHANNELS 

The main channels are dedicated website and exhibitions to offer heat pump equipment 
solution in the market. Some marketing and dissemination activities like customer 
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demonstration days and articles in specialized media can support to engage the solution with 
customer segment as channels. 

KEY ACTIVITIES 

The most important key activities performed to implement the business model are 
manufacturing activities, certification of selling, design and construction of the pump and 
related testing of the technology.  

KEY PARTNERS 

The key partner in the consortium is GALLETTI. Partners out the consortium are commercial 
energy companies and energy associations. 

KEY RESOURCES  

Implementing this technology needs comprehensive knowledge which is main resource to offer 
innovative heat pump technology based solution.  

COST STRUCTURE 

Cost structure of this business model is based on manufacturing cost of the heat pump, 
marketing cost, certification cost, periodic maintenance cost and replacement cost of 
components.  

REVENUE STREAMS 

Revenue model is mainly based on sales of the product, training services, maintenance services, 
customisation activities, replacement revenue of new components. 
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8.2.5 Coaxial plastic pipe with advanced materials 

New Coaxial pipe made of high/low conductivity plastic material, designed for installation as 
one of the GEO4CIVHIC. The inner pipe made of low conductivity plastic material. The objective 
is obtaining a cheaper pipe, easier for transport (due to low weight) with thermal properties 
similar to steel coaxial pipes. 

 

Figure 8.5 Business model canvas ςCoaxial plastic pipe from advanced materials 

VALUE PROPOSITION 

The value proposition provides a coaxial plastic pipe based on advanced materials that permits 
to improve thermal conductivity. The coaxial plastic pipe value was added in terms of: 

- Low cost pipe 

- Easier transport and handling 

- Similar thermal performance than standard coaxial heat exchangers 

- Improved thermal conductivity plastic materials 

CUSTOMER SEGMENTS  

Business model was built on mainly for engineering and energy companies as customer 
segments to provide coaxial plastic pipe with advanced materials. 

CUSTOMER RELATIONSHIP 

The value proposition of the business model can be provided to customer segment as direct 
contact. This relationship can be business to business contact with end users. 

CHANNELS 






































