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ExecutiveSummary

Thisdeliverable reports the activities related to the Task @.8larket and business innovation
1st version ¢ aiming to carry out ageneaal assessment of the European markabd the
preliminarybusiness modeltor the identified GEO4CIVHIC solutions.

A complete analysis has been performed investigating first the most used conventional
solutions for heating and cooling of buildings in Ewoft 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 modernisati 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 overaw of the geothermal solutions currently used for heating/cooling of
buildings has been provide 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 schemesThe more mature markets of geothermal installations are Sweden, Germany,
France, Switzerland and Norway, which account for around 70% oftllléd capacity of the
continent.

In order to identify the most profitable countries for application of @EQ/HIGolutions, the
market potential for geothermal heat production has been investigated throwgterground
andclimate characteristics.

Thecompetitor 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 compaadrilling technology developed within the project istaally 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 ceitipn exists with ASHPs, more
commercialized in the market due to thedrase of installation, lower price and less space
occupancy, although GSHPs provide higher efficiencies.

Market requirements, opportunities and barrierdup financial models haveebnanalyzed 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 cetitiia respect to alternatives, lack of
awareness and kmaedge about geothermal systems. ttan be overcome exploiting
opportunities in the market and leveraging on the key success factors of@EBIGolutions,
identifiable in the main following points:

- Reduction othe investment cost of shallow geothermal in building retrofits with up to
30 % when compared to the actual state of. ar

30/09/2020 11
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- Reduction the drilling cost in built environmental thanks dcompact and versatile
equipment

- Cost competitive with mastream 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

- Sdety enhancement

30/09/2020 12
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Objectives d the report

The presentreport is the result of the partial completion dfask 7.3 Marketing Intelligent
activity and Business Innovation Models for each solution and building type

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

- The pronpt identification of emerging market trends and threats imposed by political,
economic and social conditions that could jeopardize the commercial potential of
GEOA4CIVHIC results.

- Continuous monitoring of the competition and technological advancementgssto
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 mechari@nproperly
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 basof: (i) realistic estimations of costs of goods sold and
operational expenses, (i) financial and regulatory frameworks (e.g. taxation and
investment friendliness) in targeted geographic segments and (iii) accurate market sizes
and growth rates, towardsllowing 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 angduccessful 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 externallsholders 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 kawledge, contributed to carry out activities needed for a detailed and
complete document which is thB7.3

Baseline

For the preparation of this deliverable a statéthe-art for the technologies developed within
GEOA4CIVHIC has been performed, analybiagurrent 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 5t&sk 6.1and task 7.5concerning the

mapping activity used for market potential studspecific regulationand the key exploitable
NBadzZ G6a FyR AGQa NBA&LRY 4 YadscBntribtidns Rr&/ides thp dll & dzO |
Consortium partnersn terms of the description of the product and some related competitors.

30/09/2020 13
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Outputs: activities related to this deliverable will represent the bémigarrying out deliverable
D7.4 which is the Market and Busindasovation 29 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 2a brief overview on the most used conventional solution for hegtooling

of buildings in Europe

Chapter3, 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 coumgs along Europe

Chapter 5 evaluatingof 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.

30/09/2020 14
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1 Introduction andMethodology

The GEO4CIVHIC projestiryingto accelerate the deployment of shallow geothermal systems
for heating and coahg 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 projectaotable CheajisSHP and GEOTeCH projeGE@ACIVHIC
consortiumis working ona flexible drilling machine of reduced dimensions and ground heat
exchanger technologieslsoin a new generation ofieat pump technologies for both low and
high temperature suitable for all buildings, climate and undeugie conditions.

Assessment of the market opportunities and to definition of strategies needed for a future
successful commercial exploitation is being established into the Wmarticular, Task 7.3vill
assure that innovation developed in the projectrist hindered by new upcoming market
evolution and competition.

The methodology that ibeingdeployed for the completion of task 3 and the twadeliverables
associated to the latter is dependent on tmeain objectives mentioned beforeThe figure
below ilustrates the 2-phase process that is to be followetdhe 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.

STEP 2:D7.4
Detailed technology and competitor
STEP 1: D7.3 evaluation:

) ) - Precise competitor productand
Identification of general market dynamics: technology mapping according to
-Market size/growth rates/Market identified key features
openess/Competitive assessments Provision of inputs and insight for
Preliminary competitor/technology estimations in financial modelling,

B2 financial KPls and necessities in

evaluation: ‘ >
) . o launching GEO4CIVHIC Solutions.
- product/tech mapping and listings

Preliminary provision of relevant data and
figures for the completion of relevant financial
modelingin D7.4

Figurel.1l 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 technologia® atill in development, the objective in this
step is to provide preliminary market information on general trends and competitor
assessmentsThis deliverable will set the basis for further and more detailed activities as the
project moves forward. In adiion 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 obseraatithat 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 resultsl amnovations 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 withategpéhese products. This will later provide key
insights on the positioning of GEO4CIVHIC within its respective manketsler to establish
effective business strategies and relevant operational structures that will be contained in the
GEOA4CIVHIC buess 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.

30/09/2020 16



GEO4CIVHID7.3Market and Business Innovatiof ¥ersion

2 Brief overview on the most used conventiondheating
/cooling solutionsin buildings in Europe

Buildingsuse a huge amount of energy. According to Eurostat, buildings account for 38.1% of
energy consumption in the European Union, maahan 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 ishigiting and cooling systemis the EU,
the main use of energy by households for heating their homes (636 of final energy
consumption in the residential secfprseeFigure2.1. Electricityused for lighting and most
electrical appliances represents 14% (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, representin@4.8%. Main cooking devices require 6% of the energy used by
households, while space cawodj and other eneuses cover 0.4 % and 1% respectively.
Heating of space and wat consequently represents 78% of the final energy consumed by
households.

Other end

uses
1.0%

Lighting and
appliances
14.1%

Cooking
61%

N\

Space cooling
0.4 %

Figure2.1 Final energy consumption in the residential sector by use. Source: Eurostat, 2018

Most of the energy products are almost exclusively used focemnd water heating (from
92.1 % of oil products td00 % of derived heat); only electricity has a widese (57.2 % for
lighting, 25.7 % fa heating space and water, 12.1 % for cooking and%.%r cooling)see
Figure2.2)
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Electricity Derived heat Gas Solid fuels Petroleum Renewables
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Figure2.2 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 enduses and 49.26 for cooking. Gaglays an essential role in terms of
space and water heating (respectively 38.0 % and 4@®%of the energy consumed for these
end-uses) and in cooking (31.0 %). Renewables cover @7d) the energy @eds for space
heating, 12.6 % for water heating and 34for cooking. Derived heat plays an important role
only in water heating (18.%) and in space heating (184§, whié oil products still cover 14.1

% ofspace heating energy use, 134bof cookingnd 11.3% of water heating (seigure2.3).

100% = Renewables
and wastes
90%

o u Petroleum
80% products
70% Solid fuels
60%

50% mGas

40% Derived

30% heat

20% = Electricity
0% — O : : : :

Space Space Water Cooking Lightingand Otherend
heating cooling heating appliances uses
Figure2.3 Part of the main energy products in the final energy consumption in the residential

sector for each type of endse. Source: Eurosta2018

Sincethe existing and st 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 heaing and cooling market is fragmented and no single sector has so far emerged either
nationally or Ebide. In its place, heat markets are local markets composed by many different
technologies and economic agents (suppliers, installers and builders, eriggne®mpanies

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 ogpkre closely linked with other
energy markets, in particular fuel and electricity, but also with -eaergy 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 spegmirpose. While funaces 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 radiata in rooms throughout the homeResidential 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 dimg needs, heat pumps offer an energfficient
alternative to furnaes and air conditionersThey move heat rather than generate heat, heat
pumps can provide equivalent space conditioning at as little as one quarter of the cost of
operating conventionaheating 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 usuallyplied in large capacities up to 150 MW and above, mCHP

(often in form of fuel cells) is emerging in the residential sector supplying individildings

and even apartmentsAt 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 needeme of these such
complementary technologieare: heat storage, radiators and heat exchangers, surface heating,
passive heating elements, etc.

2.2 Cooling Technologies

The cooling sector is quite heterogemes 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¢ conditioning units

In general, two types otonditioning 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 sygnh based on one or more chillerShermally driven "adsption or
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absorption” chillersare a mature technology antheir efficiencies are lower than electrically
driven heat pumps (with coefficients of performance typically in the rangel 2y

2.2.2 District moling

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 chillerd heat pumps. Electric
compression chillers represent also a large portion of many of the existing systems.

The secalledfree coolingwhereby cold from rivers, lakes and seas is transported directly, or
enhanced with heat pumps through pipes, to the emgkrs (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 les than 1% of the total installed district heating capacity of 301.5 GW-28H1].

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 aquipment prices, installation and running
costs, different enelise applications, climate, technology specifications, user requirements and
building occupation profiles.

The old heating (using coal, oil and wood) and cooling (electrical) equipmentiedstalse
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 (includingatand biomassy].

To overcome such problem, Edesign 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 efficienatings, both for single technologies
and for packages that include the use of renewables.

The newRGasRegulation 517/2014 on fluorinated greenhouse gases will also accelerate the
refurbishment of heating and cooling technologies, pushing towards theofisgliternative
refrigerants. Indeed, climaté&iendly 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 heatingstggm 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 solsitisravailable and scaliup 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 elewtrdevices, although there are promising innovative low
energy cooling technologies. A recently adopted -Besign 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 ar in 2030, corresponding to 9 million tonnes oD

2.3.1 Trend of Heating & Cooling technologies

In terms of refurbishment and development of final energy demand for heating and cooling,
the scenariodescribedin HOTMAPS[3] describesthe 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 extenare 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 buildisgch as,lack of
information on retirbishment measurespwners dilemma onlegislative provisions, lack of
capital to carry out refurbishment work for instances.

In terms of uptaking of renewable heating systesmass heating systems, heat pumps and
solar heating systems can substitutesthse 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 associatedth 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 decisioamaking process. However, a number of regonomic barriers affect the heating
system chice such as tsong role of intermediarie® A y & (i I f {-Sdth 0@ X ladi 4 (ldzAR
restrictions (e.g. available space for ground source collectors for heat pumpstduatje of
biomass systems, etc.).
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3 Overview ofshallow geothermal solutions for heang 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 inEurope The majorityof this energy is generated by burning fossil fuels. This is the
reasonwhy 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 Europetstdgpe is that the
heating and cooling sector is very heterogeneous in its structure, in terms of technologies,
actors, demand, sources, costs, etc.

(A)

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

(B)

Electricity[a] 0.359

Renewable Energy 0.076

Petroleum F 0.068
0

0.

02 04

Figure3.1 Residential sector energy consungoti(Quadrillion Btu)(A) by major source, 194919
and (B) by major source, May 20Zburce: Electricity retail sales

In this context, geothermal represents a renewable energy source with a very important
potential of energy savings which can concdra &ir 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 andtgas,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 faginmportant challenges, such as regulatory barriers at
different levels, which are able to affect the implementation of those systems in Euepe.

Additional benefits provided by using shallow geothermal energy technologies are:

- Reducing import dependegaf 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/installatioestor

- 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 Europeawide geology, hydrogeology, and clireat

- 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

- Practicalinplementation 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
I NIAOES w 27T 5 CRdGherma BhSrgyHmeamsienergy std@ed ¥ thé fofimeat
beneath the surface of solid eaéth 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 useotighout 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 meansaththey 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 Eurogeuntries

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 numbgrinstallations, shallow
geothermal is the largest type of geothermal energy used in Eyropict represents around
of 63% against the 30% for direct use and 7% for electr[&ity

In terms of number of installations, installed capacity and energylyeed 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 deploymeramong Europan countrie46].

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 industriesmany Member States is necessary and
several economic, technical and setéchnical challenges have to be accomplished.

The GBA4CIVHIC project aims to address key challenges by improving the development of
shallow geothermal technologies and new systemusons, besides demonstrating their
effectiveness.

In most countries in Europe, geothermal energy is firmly establishé¢de heat market, with
shallow geothermal energy (GSHP) used in virtually all of Edrope&ountries with thdighest
number of geohermal heat pumpsire Sweden, Germany, France and Switzerlaftese four
countries, alone, account fo84% of all installed capacity for shallow geothermal energy in
Europe Hence, such technology is much implemented in these countries, while major
develpments are needed in other countrie§][

7000
shallow geothermal uses

6000 \EGC 2019
=EGC 2016
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EGC 2013
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Figure3.2 Installed capacity in geothermal heat pumps in Europe after EGC 2013, 2016 and 2019

The recent development for shallow geettmal in Europe can be seémom Figure3.2, 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, Bjnkmance 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 alsorme countries that did not

report to EGC 2019 (Luxembourg can serve as a small, but interesting example here, with good
growth and some largénstallationg, and we can state that there igrtually no country in

Europe without some shallow geothermal takation. [6]

3.1.1 R&D efforts andoriorities

Recently the efforts in this field have been focused on:

- GSHP in general

- Foundation type heat exchanger

- Heat pipes

- Underground installation

- Integrated Design

- Sustainability & envonmental 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 stor@fJéES) 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 onlyeuseat pumps but also other components in common
with conventional HVAC (Heating, Ventilation &®@onditioning) systems.

The SRA (Strategic Research Agenda) focuses on the components, issues and processes that are
unique and relevant to the geothermapgplications 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 focused7]:

2020 post 2020

Improvement to BHE materials | New (plastic) materials for BHE wi
enhanced thermal conductivity
Improvement to antifreeze agents New environmentally benign heg
transfer fluids with low freezing
point, low viscosity and high specil
Basic research heat capacity

Better understanding of thermg
impact on building elements use
as ground heat exchanger
Environmental impact of shallo
geothermal applications

2020

Improvement of BHE design and construction

Improved gouting materials (sealing, thermal conductivity)
Mechanised and optimised drilling and installation technologies (
mechanised grouting, quality monitoring, etc.)

Standardised installation technology for building elements as ground
exchangers

Further development of heat pipes as BHE

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

Improved methods for determining underground parameters
Integrated design and modelling tools

Effect d open systems on hydrochemistry and microbiologi
composition of the subsurface

Applied research &
development

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

Hybrid applications with integrated grhining and operation control
Demonstration Use of storage function of the ground in the framework of sm
electricity grids and smart thermal grids

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

Table3.1 ¢ Summary list of shallow geothermal research priorities and target
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3.2 Dirilling techniques

In geotechnical engineering, different drilling methods are used to better understand the soil
beneath the surfaceThereare some traditional drilling methods mostly used Borehole Heat
Exchangers (BHE) installatiobsilling activities is often uncertain becautehigh dependency

on underground conditions, time loss and the cost involved are significant factargenall

cost. Driling OGA @GAGASE NBIjdzZANBE KFNR LIKeaAOlf g2N]
merging in a limited production as well as by limited technical knowledge.

BHEinstallation is usually done hytary technologyin sediments and softofmations. This is

done by usingvater as circulation to stabilize the borehole. In more consolidated and hard
formation, the downthe hole hanmer (DTH) is applied using air @sculation Eigure3.3) [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 bgeoperly presented under D1.2 and an
evaluation of the drilling techniques to represent in the drillability map has been submitted
under D2.1.

HARD ROCK
—— DTH Top hammer ‘|
}— DTH
Rotary Crushing —
SOFT ROCK ity
T T T T T T T T T T T T T T 11

20 60 100 140 180 220 260 300 340
Borehole diameter [mm)]

Figure3.3 Applicable drilling methods using rotary technol@gnd downrhole hammer

The following table explain the picture just above,

Soil/Rock type Method Remarks
Sometimes temporary casing
Soil, sand/gravel Auger rotary required or mud additives
required
Mostly best choice temorary
Soll, silty/clayey Auger rotary casing or mud additives
required
. Roller bit, sometimes mud
Rock, medium o )
hard Rotary DTH additives requweq, large
compressor required
With rock bit or hardmetal
insert button bit, very slow
Rock Hard DTH Top hammer large compressor required
espeial equipment, depth
range
Rock under ODEX or similar ODEX is a downhole air hamm
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waste or spoil system that is designed to

(Overburden) advance casing during drilling.
Sometimes in combination with
DTH

Table3.2 ¢ List of recommended drilling methods for the various ground conditions

3.2.1 Solid stem ager drilling

Solid stem augerdSSA) use continus 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 cuttigs 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 drigs can be used. Doing so simplifies site manoeu\aird) 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 collepshen 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 ar@n be adopted to almost every drillipgoject, 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 rockor 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-efigttive. 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 D-€Huipment. If the overburden is too
thick, or ifunstable rock is found at considerable depth, the DTH with pneumatic flushing of the
cuttingscannotbe used.

3.2.4 Enlarged auger drilling and drill pilling without casimgCheapGSHPs
technology

The CheapGSHP®roject has developea drilling machine with an enlarged auger to install
helicoidal heat exchangers; the diameter is about 300mm, regca maximum depth of 180

m. This technique presents a medidiow cost of manufacturing and no water requirement for
operation. The drilling machindza S& |+ aAYLX ATASR AaOKSONRY oAl
and present a special casing with spiral welded on the outer surface connected by means of key
and bolt connectionsThe final well has a diameter of 340 mm aml can reach @ optimum

depth around 1518 m. This drilling technique can be applied mainly in unconsolidated
material,soft soil, sand, gravel, clay.
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The Easy drill piling technique developed in the CH8&bPs 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 problants 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 operatiomhanks to a vibrerotary 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 augerg GEOTeCH technology

The GEOTeCH project has developed hollow stem augers that can be used on the new drill rig,
to install vertical soil heat exchangekdollow stem augering has a number of advantages. The
augers act as a temporarysiag during and at the completion of drilling. This facilitates the soll

and water sampling and the installation of monitoring wells. It is relatively rapid and little or no
fluid is required in the drilling procesghe drill head rotates the auger, whichburied into the
IANRdzyR® 2 KSYy GKS | dzZASNJ A& NRGFGSR Ot2016AaSs
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 carriedsing the length of the crank and the tensile force
measured by the load cell, the torque which is required to drill can be calculated.

Figure3.4 Hollow steam auger developed in GEOTeCH project
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3.3 Geothamal 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 backip technologies.

3.3.1 Exchange withthe 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 sohs to make use of the

NEBfl GAGSte 26 GSYLISNI GdzZNBa 2FFSNBR Ay G(GKS dz
[9].

The Spanish Geothermal Technology Platform (GEOPLAT) classifies the geothermal resources
depending on the temperature level in thground as High, Medium, Lowand Very Low
Temperature. The last geothermal source is denominated as Shallow geothermal resource, with
the energy stored in the earth or in groundwatgrtemperatures lower than 3@ and used for

thermal uses.

In order to ug 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 stpriheat or cold
(Underground Thermal Energy Storage, UTES).

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

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

- Closed circuitswhere a heat exchanges 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 endnit. Heat pumps can be categorised according to:

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

- Heat source: ground, groundater, 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 impddarear out
that Ground Source Heat Pumps (GSHies)sidered in this market assessment cover both
ground and water sources (aquifers, ponds, lakes, etc.).
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3.3.3 Didribution H/C system

The most common type of HVAC systems using GSHP are thetovatater sysem 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 Tdre 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.

¢tKS o0dAfRAYIQa SySNHE& STFAOASyOe AemperaviteNE SR
heatingand 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 technologyabkvays 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 buildip 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 ofcollector used in GSHP systems is a decisive factor in the installation cost.
Horizontal closedoops are cheaper to implement than vertical clodedps, but they require

more open space (the choice will also affect the design and efficiency of the system). The
cheape closedloop option is represented by submerged clodedps, which draw heat from
water (if this is allowed by local legislation and ecologioalsequences)nstead of the ground,
though the need for a nearby pond or lake makes it a very limited optgpecially 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 outdeomperature to provide
cooling indoors. When the temperature of thar outdoors is appropriately lower than the
temperature of the air pulled from indoors, the system lets the outside air in, filters it properly
YR dzaSa AG G2 022t OGKS NRB2Y>X (Kdza LINROJARA
economiser needs to bastalled, 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 tgydarly 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 shllow 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. Freagooli
implies that the compressor of the heat pump is not used (mechanical cooling) and it is only the
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temperature will raise with continued load on the loop: atns® point the capacity will no
longer be adequate and the system needs to change to active cooling.

3.4 Legislation

With buildings being responsible foearly 40% of final energy consumption in the European
Union (in residential homes, two thirds of this @ Epace heating), karge potential for the use

of renewable costeffective 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 imgct 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 ofarest.

- Promotion of renewable in building®RESDirective 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 buildingslir€bis/e
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 heatps
fulfilling the minimum requirements of eedesign.

- Energy performance of building@/ith regards to energy efficiency, shallow geothermal
technologies and geothermal district heating can undoubtedly be crtmtiinologies
in meeting minimum requirenm@s for energy performancehich member statefiave
to set in compliance with Directive 2010/31/EU on energy performance of buildings
(EPBD)This directiveis the main EU legislative instrument affecting energy use and
efficiency in the building sector. Nt 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 wall 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 Directiviéthe EPBD and the RES Directive contain key measures
for the promotion of energy efficiency and for tih@egration of renewable energy into
buildings, they are complemented and enhanced by the EED adopted in 2012. The
target of this directive does not coverage part of the public building stock, and does
not address the private sector at allnder the EED, however, member states have to
set up energy efficiency obligation schemes to achiaew savings each year of 1.5 %
of the annual energy sales to finaustomers. In that regard, it is relevant to report that
energy savingsachievel with heat pumps can be counted, without any limitation,
towards the 1.5% targetArticle 14 (4) provides that when a potential for the
application of higkefficiency cogeneation and/or efficiert district heating and cooling
is identified and the benefits exceed the costs, member states will have to take
adequate measureso accommodate their realisation. In this respect, Geothermal
technologies can have an advantage asytfal within the definition of high efficient
cogeneration and district heating (articles 1 (34) and 1 (41) respectively).

30/09/2020 31



GEO4CIVHID7.3Market and Business Innovatiof ¢ersion

- Ecodesign and energy labellingeat pumps(including GSHP)are covered under both
Ecodesigrand energy labelling legislation, whiele 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 ecdesign requirements for energglated products does
not set binding requirements on products by ifsebut through implementing

measures adopted on a case by case basis for each product group (lot): Geothermal
KSI GO LizyLla | NBE O2@SNBR dzy RoS2NY f 9SoNEwE [l 2yTURv  90b.
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il The new ecodesign reqeiments for space heaters and combination heaters were published on the Official Journal on 6thSeptember 2013.
http://eur -lex.europa.eu/JOHtml.do?uri=0J:L:2013:239:SOM:EN:HTML
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4 Market potential for geothermal heat produtton 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-darbonization 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 sediegtricity production
(not relevant to the project), districheatingand cooling (some tevance to the project) and
individual geothermal heat pump (relevant to the project). In the following only the most
relevant are considered:

- District heating andcooling the sector of heating and cooling represents about 50% of
the entire European eneygneeds. 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 areidespread 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 combinet, 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 éesithermal
sourcescan be directly usetbr 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, whehaltow underground is used as a seasonal storage of
thermal energy to be used in district heating networks and theddof ft SR G 02t R¢
heating systems, where the borehole heat exchanger or well fields are connected to
several heat pumps and buildingbrough 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

- Individua geothermal heat pump waterto-water heat pumps can harness shallow
geothermal energy everywhere. The heat pumps are used for bringing the temperature
to the required temperature sepoint for the building needs (both heating and cooling).
When using grond source heat pumps, the thermal energy design should take into
account the annual building energy neet$wWh), the required peak loads (kW) and the
relevant soil parameters (geothermal design parameters). The GSHP system, including
the soil heat excharey, 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 continuows 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 perational 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) Eountries. According to Eurobserver, 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 esidential and service sector markets (in capacities ranging from a few
kW to more than 20 kW). The market for middénd highcapacity HPs is much smaller (e.qg.:
fewer than a thousand industrial HPs were sold in the EU).

About a third of this total, oryst under 1.3 million units, are primarily intended to cover
KSFGAy3 ySSRaxz | OO0O2NRAyYy3 (G2 (GKS &ALISOATAO O2dz
al N]SG FyR {dlFrGdAraidaroda w-hidd &g applied nodeéoting ge&dS in NS Y I
warm clmate countries (i.e. Italy, Spain, Portugal, South of France).uhg®srtainty in use

raises statistical comparison issues between the European Union markets as the needs and
applications differ by climate zone.

Reversible aiair ASHPs still dominate Bpean market sales, with 3.5 million systersold in

2018 according to Eurobseer, 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 reversike airair systems sold in Europ&he reasongor this concentration are the
O2dzy iNASaQ aAal Sa FyR GKSANI OftAYIGSazr gAdK a
remains the biggest reversible air HP market, with 1 507 000 units sold in 20&@&pared 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 thmain driver of the French, Spanish and Portusguesversible aiair

HP markets.

2017 2018
COUNTRY Aerother  Air-Air V\f‘;:ér Aerother  Air-Air  Air-Water
mal HP HP Hp mal HP HP HP

Italy 1440500 1403000 37500 1550000 1507000 43000
Spain 912378 901406 16972 942569 916879 25690
France 501403 419703 8170 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

Table4.1 ¢ Market of aerothermal heat pumps in 2017 and 218.* Estim&gurce: Eurobsessr, 2019.

The GSHP market also specifically addrebsasing needs to desser extent coming in with
87126 units sola clear 4.9% upturn in 2018 after stabilizing its 2017 sales. The revised market
figures for 2017 recaled 8320 units sold, almost the same as in 2016 (0.1% more). This good
performance carfirstly be put down to the momentum of the leading European GSHP market,
Sweden. According to the SKVP (Swedish Refrigar&tiHeat Pump Association), B8R units

were sold in 2018 (6.7% growth), while Germany, atiogy to AGEEstat, chalked up13¥

sales (4.6% growth). It should also be noted that the Dutch market expanded considerably (by
34.7%). Stasitics Netherlands claims thab64 units were sold in 2018
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Figure4d.1 Market of geothermal (groundoure) heat pumps* in 2017 and estimated values for
2018(number of units sold): Hydrothermalheat pump includedSource: Eurobsesr, 2019.

Potential for GEO4CIVHIC technologies in Europe

All the technologies developed within GEO4CIVHIC project fall witieinsector 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 irovations tailored for the built environment and developing or
adapting HPs and other hybrid solutions for retrofits through a holistic engineering,
construction and controls approacihis will be possible through the reduction of cost in the
initial invesment by:

- reducing the energyequired from each borehole heat exchanger by usingecond
generation ofdual 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 fine GEO4CIVHIC technologies in Europe can be
done by analysing the surface geology of different countries, which influence the performance
notably in the drillingand borehole heat exchangetschnologiesdeveloped in this projectAs

well as the climateanditions since ieffectsthe modes of performance of the dual source heat

pump.

The geothermal market is fragmented and differs per country with different undergrqunds
climatesand market shares. For a serious study on market potenti@E®4CIVHIC iovations
this reportadoptsa country by country approach.

In the following subchapters a detailed focus will be dedicated to the EU markets hosting the
realdemo sites of the GEO4CIVHIC prof{&etand, Belgium, Italy and Maltand two of virtual
demosites (Spain and Germartyighlightingthe followingmain points:

Market research

Potential market for the implementation of geothermal solution$uildingsector

Geological an€limate conditions

Regulations in building sector for renewable energied eonstruction requirements.

For the last point above the D6gdrovided a completeverview 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 regds 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 projectn this report we will highlight some importamiformation of

this document.
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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 ciralation, 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 oce&dimates at
similar latitudes, for example Seattle in the United Statid3.|

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 climatié @anC

the KoppenGeigerclimate classification systerfll], a classification it shares with most of
northwest Europe. The country receives generadlym summers and cool winters.

Temperate, dry summer, warm summer (Csb)
Temperate, no dry season, warm summer (Cfb)

u‘,\,*‘b" o

Figured.2 KoppenGeiger dmate 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 charagaristics

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 showoth 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 unconsolidatedk, 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 criis

The bedrock map of Ireland shows a wide variety of rock types which have originated at
different periods ofgeological timeThe oldest rocks are metamorphic and are found in areas

such as Malin Head in Co. Donegal. They originally formed as igneous rockis’ 805illion

years agoOther old metamorphic rocks include the slates that have given rise to the slat
quarry at Valentia Island, Co. Kerry, and the quartzites that are found in Counties Donegal and
Wicklow. Extrusive Igneous rocks, igneous rocks that have ®iR 6 2 @S G KS St NI
are common in the nortleast where the basaltic lavas have givéserto the AntrimDerry

LI I 0SFdzd LYGNHzZAAGS A3dyS2dza NROl &> A3dyS2dza NP
granites can be seen in Counties Donegahaigh, Down, Wicklow and Galway.

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

I:l Clay (35 Ma)

D Basalt (60 Ma) D Limestone (330 Ma) D Shale/Sandstone (460 Ma)

. Sandstone/Shale (318 Ma) . Gabbro (450 Ma)

. Granite/Gabbro (<65 Ma) D Sandstone (380 Ma) D Sandstone/Slate (520 Ma)
. Chalk (70 Ma) I:l Sandstone/Shale (420 Ma) |:| Schist/Marble/Gneiss (=540 Ma)
. Sandstone (220 Ma) . Granite (450-400 Ma) . Volcanics (=300 Ma)

Ma = Millions od years

Fgure4.3 Map of the soil regions of the Ireland {00,00Q. Source: GSI

ii www.gsi.ie/enie/geoscienceopics/geology/Pages/Geology-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 maritimeconditions. Relatively consistent, year round soil temperatures and
frequent rainfall keeping moisturén 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 systeofisntermediate installed capacity between 10kW and
24kW installed remain the most widespread but are experiencing a reduction in gfb@jth

Overview of the energy consumptions in Ireland

Figure4.4 shows final enmy split by sector. Transport continues to dominate as the largest
energyconsuming 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
energyuse and the residential sector for 23%.

A) B)
7 Agriculture
6 & Fisheries
5 B 2%
8 4 = N ) Transport
S3 A 2%
2
1
0
2005 2007 2009 2011 2013 2015 2017 2019
—Transport Residential
Industry Services

—Agriculture & Fisheries

Figured.4 A) Total final energy by sectandB) % share final energy by sect8ource SEAI

Energy use can also be split into electricity, transpod aeat. 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 transpdr This means that there is no overlap and the modes can be
added together to give total final energy usagure4.5 shows final energy split by mode.
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Figured.5 A) Total final energy bsnode andB) % share final energy by Mode. Source: SEAI

Looking at final energy 8pby sector, transport has by far the largest share, accounting for 42%
The next largest sources of energy demafigr electricityare 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 Figure4.6 (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 ® 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 year2iBh7/
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 accouritedb4% 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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Figured.6 A) Totalprimaryenergy byfuel andB) % sharg@rimaryenergy byfuel. Source: SEAI

Figure4.7 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 shavg 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 sar 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. Risinfuébssil
prices in this period, energy efficiency measures and the economic recession also have had an
influence on this trend.
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6.0% o
5.0% 4
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® Biomass m Biogas m Solar Geothermal/Ambient

Figured.7 Renewable energy share of final consumption. Source: SEAI

Geothermalenergy 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 horticelamongst 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 systms installed, to approximately 150 units, represegtiapproximately an average
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1.2% decline from the last report in 2015This 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 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 commerciabnd 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 sectormarket

¢tKS NBAARSYyUGAIFfT &aSO0G2N) Aa {(Seé (G2 RStAOGSNAyYS3
and develop an economy that évironmentally sustainable. Thesidential sector currently
accounts for 27% of a#nergy usage in the country and emits 10.5 million tonnes of CO
annually. After transport, this is the single largest source of emissions in the economy and
represents asignificant proportionof 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 eveng o 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 resittial sectorwill partially be achieved by setting gradually
increasing an@mbitious 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
exiging building stockgiven thatit will still largely be in use b®050. In practice, this means

that the delivery of a nearero emissions residential sector is dependent on gradually
renovating the bulk of homes already constructed. Given the scaleve$iment 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 thaettools, mechanismsupply chains and
infrastructure are in place to allow householders to do this. Grasping the opportunity to
dzLJANI RS (GKS SySNHeé STFAOASyOe 2F LNBflIyRQa K
whole. It will make Irish homesiore comfortable, healthier and cost effective to run, while
supporting employment in thdomestic economy.

Since the GSHP remain a more exclusive product for domestic homes and are more frequently
considered in publiand commerciabuilding retrofits This sectiorpresents a briebverview of

the current residential housingnd commerciabstocks as well asan analysis of the agef the
existingbuildings It identifies and outlines potentiadf GEO4CIVHIC field action.

LNBf Il YyRQa K2dzaAy3d aidzo0]

v Figures from the Heat Pump Association for Ireland in 2018
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TheCensugarried out by the Central Statistics Office in 2016, found that there was a total of
2,003645 houses and apartments ireland. Of these, 1,69665 were occupied by persons
usually resident in the State, while 9,788 were occupied by guests or vidtacant holiday
homes accounted for 62,148 housing unithe remaining 183,312 were vacant houses and
apartments, of which 140,120 were vacant houses and 43,192 were vacant apartnidmgs.
overall vacancy rate in 2016, Ianding holiday homes, was 12.3. 9 holiday homes are
excluded from the housing stot¢ke vacancy rate drops to 9.4. ¥ote that the housing stock
excludes norpermanent dwellings such as caravans and mobile homes as well as 4,140
communal establishments.

o _ -I

o _ -I

e _ .I
0

250k 500k 750k 1,000k 1,250k 1,500k 1,750k 2,000k 2,250k

@ Occupied Temporarily absent ® vacant house/flat
@ vacant holidav home

Figure4.8 LNBf | yYRQa K2 d281%6.\Saurcé CR00rklahd H nnc

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

It is also worth noting that the continued decarbonisation of electriaitg the introduction of

more efficient generating station®ias had an impact upon emissiorss 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 comparisonatoy of European
neighbours.

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 Buling 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 eo#, rural detached houses. These houses
tend to be larger than th 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 thenturre
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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Figure4.9 Age bands ofrish housing stockSource: SEAI

Since the first mandatory Building Regulations that explicitly addressed conservation of fuel and
energy in buildings were issued in 19898 some 58% of residential dwellings date from before
this time, the data indicate that there is likely to be significant potential in the residential
sector for major renovation works.

INBS f I pyidRcCagid commercial buildingtock

There are more than10,000 buildings in the public sector. Around half of these buildings are in
the edwationsector, withthe vastmajority beingprimary 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 building activity tges: Office,
Retail, Restauranpublic house, Warehouse and Hotel. All buildings with a gross floor area over
1,000 nt were classified as Large; the remainder were classified as Small. The resulting Irish
commercial buildings stocks presented inFigure 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]

1,000s of

buildings
. Large a o
B small -9- _Q_
(6 )
Office Retail Restaurant / Warehouse Hotel

public house
Figure4.10 Ireland commercial building stocBource: SEAI

The year of construction of each building was estimated and assigned to one of four date
ranges. Ashown inFigure4.11, more than half of the buildigs surveyed were assigned to the
range 19191992. Buildings constructed before 1919 made up just over 10% of the surveyed
buildings. It is notable that the warehouse sector contains the largest share of2p66t
buildings, and the lowest share of pi®19 buildings. The variation in the age profile of
buildings across the other activity types is relatively weak.
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Figure4.11  Age bands of Irish housing sto&ource: SEAI

Almost half (49%) of buildings havihgating 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 toipei@titergy
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 overvighedgiotential 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 arizhin
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 buighnshould be Near Zero Energy Buildings by 31
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 upto cost optimal level for energy performanckish building regulations for nen
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 Nove@iir 2

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

Thisis a fundamentally important principle for renovation policy in Ireland. To successfully
replace fossil fuels with less energy intensive renewable techredpgnaintain 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 201 7unding deep
fabric upgrades and switching from fossil fuel to a minimum A3 BER

30/09/2020 45



GEO4CIVHID7.3Market and Business Innovatiof ¢ersion

- 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 governmentsahdols
201718, 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 pleltbenefits, particularly

for health impacts.

4.1.3 Regulations

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

In terms of shallow geo#trmalin Ireland

- Geothermal energis 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 defmjtio

- 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 Planngh 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 stanes within
that curtilage. All woks which would materially afte the character of a protected
structure, or gproposed protected structure, will require planning permission

- The building regulations for dwellings define geothelas a renewable energy source.

A minimum contribution of @ kwh/m2/annumcontributing to energy use falomestic
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 performarte requirements as much as possible.

- The implementation ofworks 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 202520 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 (NlieG&yable targts
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 Koppefeigerclimate systemBelgium (Figure4.12) has amoderate sea
climate (Type Cfb) i relatively mild winters, mild summers and precipitation all year round.
The average temperature iS@Gin January, and 18 in July. Belgium usually has cool winters
but temperatures asow as-16°C have been registered and summers are comfortably warm but
temperatures can occasionally rise as high a€R(].

Belgium has this type of climate because of the influence of the North Sea. During the summer

A

thesd o+ GSN) KIFIa 022t Ay3a STFSOG 2y . St IAdzyQa
drop too much unless there is a strong easterly current.

Temperate, no dry season, warm summer (Cfb) &
Cold, no dry season, warm summer (Dfb) I 4

Figure4.12 KdppenGeiger climate classification map for Beig.

Underground characteristics

Despite the small size of its territory (ca. 30,500 km?2), 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 Belgiufi6]. 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 dstisg of predominantly marine and
unconsolidated sediments. They may reach a thickness of several hundreds of meters.
Sediment accumulation in this area resulted from relative-lesal fluctuations and migration

of the sea to the North/NorthAVest.

The duation 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.

30/09/2020 47


https://en.wikipedia.org/wiki/Celsius

GEO4CIVHID7.3Market and Business Innovatiof ¢ersion

2
'

ABTEbE

G~ BRUGGE\

(&7 ’-\)’f
BRUSSEL A
BRUXELLESS

oY

o o

Figure4.13 Geologicamapof 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 te ttightening of the Hevel and the
obligation to produce renewable energy. This is also encouraged in the Brussels area. As a
result, there isa boost in the use of heat pumps. Although air/water systems have the upper
hand, more and more geothermal heaimps are being installed.

Every type of geothermal systeminstalled 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 differencesnd 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.

Pricewise, 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 regioeahgents 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 @newable 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
leveVi and the obligationto produce at least 15 kWh/tnrenewable energy. This is also

VI The Elevel is the level of global energy performance. It is the annual primary energy consumption divided by a reference comsuihepti
reference consumption for residéial 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. Foresdential buildings, the reference consumption is calculated on the same building
geometry with a st of reference measures.
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encouraged in Brussels where passive construction has been mandatory since 2015 with an
obliged heat demand not exceeding 15 kWRB/mMs a result, there is a boost in the use of heat
pumps. Althaigh 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. Neesshel
geothermal systems can attract more and more individuals/companies becaauesir low

visual impactand lower noise levelsAn even more important asset is the possibility of passive
cooling, not an unnecessary luxury in a very well insulated bgiliei Belgian climatglL7].

Overview of the energy consumptions in Belgium

The final energy consumption by major sector over the pe@086-2017 is shown inFigure
4.14. The main energy consumer is industry, busthare is lightly dimmishing. It is followed by
the transport andresidentialsectors.

The shares of the industryransport andresidential sectors have decreassiihtlysince 2016.
In 2017, industry accounted for 2¢ of final energy useransport wth 22%and the residential
sedor for 20%.

12500
Industry
Commerecial agriculture
10 000 and public 2%
Transport .
/W\ Non—energy services
112 I

7500 Residential

Non-energy use

200 W

Commercial and public services

2500

Agriculture / forestry

Non-specified

07 T T T T T T
2006 2008 2010 2012 2014 2016 2018

Figure4.14  A) Total final energy by sectandB) % share final energy by sect8ourcelEA

The final energy consumptiosplit by sourceover the perod 20062017 is shown irFigure
4.15. Oil productsare still the dominant fuel for space heatingBelgium (even if we perceive it
is lightly diminishing in 2017) followed by natural gas and electricity.

The shareof the oil products haslecreasedsince 2016. In 2017, oil products sources accounted
for 48% of final energy usenatural gas in contrary has risen in 2017 with 26% and the
electricity presents a steady behaviour with 17%.
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Figure4.16 shows the generation by sources in Belgjubespite of Natural gas has decreased
significantly over the last eight years it is still a source predominant of heat genek&ttural
gas represents more than 50% of the total sources of heat generators,
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Figure4.16  a) Heat generation by source andl % share heat generation by souine2018 Source:
IEA
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Geothermal energy in Belgium

As we observed previously the contribution of geothermal energy in Belgium is stdhidhis
is much more evident if we compare with other nmemewable sources of energy.

Figure4.17 shows heat generation fromenewable and waste sources. Industmaste (46%) is
still prevailing as a head amomgnewable and waste sources of heat. Geothermal represents
the 5% of share heat generation.
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Figured.17  A) Heat generation from renewable and waste by sourca Birf6 share hat generation
from renewable and waste by source. Soul&eA

4.2.2 Building sectormarket

On 1st January 2019, there were 4,552,745 buildings in Belgium. Since 1995, the number of
buildings in Belgium has risen by %4 The number of dwellings rose over the saperiod by
24.4% to 5,514,939The Flemish Region registers 2&lmore dwellings and 14% more
buildings.In the Walloon Region, there are 248 more dwellings and 14% more buildings.

While the increase in the number of buildings is less signifisathe Brussel€apital Region

(1%) than in the two other regions, the number of dwellings has increased bydGHe age

of the buildings varies greatly from region to region. In Flanders, @&1of the buildings were

built after 1981, compared to12% in Wallonia and only 6% in the Brussel€apitalRegioni.

. St AAdzYQa K2dzaAy3d aidz20]

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 feilesd 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 hoes were constructed in FlandeRoughly speaking, this means that
for Belgium, between 1991 and 2000 almost three quartersalbfnewly built houss were

constructed inFlanders 18]

Table4.2 presentsthe ageof the building stock for the three region of Belgium.

Flanders Wallonia Brussels region Belgium

Building period % number % number % number % number
Before 1919 6,4% |175.385| 15,7% |260.457 | 7,6% | 41.247 | 9,6% |477.089
1919 - 1945 10,3% |283.411| 10,6% |173.663| 12,6% | 68.208 | 10,6% |525.282
1946 - 1970 21,8% |598.882 | 13,7% |227.422 | 18,0% | 97.957 | 18,7% |924.261
1971 - 1980 11,7% |322.553 | 8,1% |134.163| 53% | 29.019 | 9,8% |485.735
1981 - 1990 7.7% |210579| 41% | 67.085 | 1,7% 9.114 58% |286.778
1991 - 2000 10,5% |287.488| 58% | 96.587 | 26% | 13.944 | 8,0% [398.019
Age unknown 171% |469.727 | 22,2% |367.707 | 27,6% |149.393| 19,9% |986.827
Unknown, but >20 years | 13,1% |360.824 | 18,4% |304.691| 22,6% |122.695| 15,9% |788.210
Unknown, but <20 years | 1,5% | 40.266 | 14% | 23.019 | 21% [ 11.201 | 1,5% | 74.486
Total 2.749.115 1.654.794 542.778 4.946.687

Table4.2 ¢ Building ageri 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% othe Walloon and Brussels building stock having been renovated in the period
1981-1990. During the period 1992000 Flanders seems to catch up with 9,8% of houses
having been renovated, compared to 6,4% in 19B&lgium, and Flanders, do not show a
homogen@us 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, afragmented landscape of actors and decreasing incentives from the

government.

The market potential is fuelled by the combination of:
O2yadzYLIiAz2Yy

- I A3IK
demand)

- The previous absence of striatrestruction standards in terms of energy efficiency: only
41% of Belgian homes have wall insulation, 36% have full dolted windows, 58%

SySNBRe

have roof insulation
- High home ownership rate of 70%

The renovation market is fragmented and dominated by smafhdi mainly active in the
installation and maintenance, while large corporations supply the different components.
LINE OA RS NE&
general information to their customers. They are moréiacin the heating systems
market, by certifying enterprises for installation and maintenance of heating systems or

- 9y SNRe

offering maintenance contracts.

- The government plays a major role in this market especially through incentives and
energy performance regations. The aim is to structure the renovation market and to
encourage investment from landlords and companies.
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As far as the legal context is concerned, efforts to improve the energy efficiency of buildings
focus primarily on implementing the EU Directiva 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 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 geothermals defined as the energy used for HSHEs up to depth of 500m
(Flemish environmental legislatian)

- Drilling permitsare 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 reavation works in Flanders are licensed under ahdegrated
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 expectedto require permission and thénvolvement of a specialist cearvation
architect.

- EPBDsets 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® 10 kWh/m2/yr from renewables in netlomestic buildings.

In terms of Renewable,

- No specific policies on renewables or GHSP system werkalzleaat the time of the
assessient.

- Financial incentives in the Flemish region are for heat pumps in the resitisatit@r for
heating only applications
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4.3 Market in Italy

Climate condition

Italy has a variety of climatgystems[11] (SeeFigure4.18). Theinland northern areas of Italy

(for exampleTurin, Milan, and Bologna) have a relatively cool, -raidude version of the

Humid subtropical climate (Képpen climate classification Cfa), while the coastal areas of Liguria
and the peninsula south of Florence generally fit the Mediterranean climabél@rKoppen

climate classification Csa). Between the north and south there can be a considerable difference
Ay GSYLISNI GdzNBx 1620S it RdzZNAYy3I GKS Ay SNy
Milan, while it is 8 °C in Rome and 20 °C in RaleiTemperature differences are less extreme

in the summer.

Arid, desert, hot (BWh)

Arid, desert, cold (BWk)

Arid, steppe, hot (BSh)

Arid, steppe, cold (BSk)

Temperate, dry summer, hot summer (Csa)
Temperate, dry summer, warm summer (Csb)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
Cold, dry summer, warm summer (Dsb)

Cold, dry summer, cold summer (Dsc)

Cold, no dry season, warm summer (Dfb)
Cold, no dry season, cold summer (Dfc)

Polar, tundra (ET)

Polar, frost (EF)
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Figure4.18 KdppenGeiger climate classification map for Italy

Underground characteristics

Figure4.19 determinesonly classes EE8, B and C, that can be considered a proxy of rock, stiff
and soft soilsClass A sites are prevalently igneous, metamorphic and limestone rocks in the
Alps, limestone in the Apennines and Sicily and igneous rocks in Sartisg.BOs 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, smali@ns in central Italy and close shaped
inter-mountain basins.
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Figure4.19 Map of the soil regions of thikaly. Source EGDI
4.3.1 Market development

In order to understand the potential of the market for GSHRaly, a focus on energyemand
and consumptiorand on the market of building sector and its regulations should be provided.

Overview of the energgonsumptiondn Italy

The finalenergy consumption by major sector over the period 2087 is shown irFigure
4.20. The mairenergy consumer igansport, but its shards diminishing. It is closely followed
by residential sector and more behind for the industry.

The residential and industry sectors have the high&sires after the transportation sector
with a 28% and 21%, respectively.
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Figured.20  A) Total final energy by sectandB) % share final energy by sect8ourcelEA

The finalenergy consumptiorsplit by sourceover the period20062017 is shown irFigure
4.21. Oil products are still the biggest energpurcein Italy (even ifwe perceive it is diminishing
from 2006 to 2017) followed biyatural gas and electricity.

The shareof the oil products has decreased significantly gettiog38%of final energy uage in
2017 , natural gas with 29% and the electricity presents a steady behaviour with 21%.
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Figure4.21  A) Total fnal consumption by source a8} % share total final consumption by source.
SourcelEA
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Figure4.22 showsthe heat generation by type of sources in Italigtural gas in increasing from
2006 andsustaineda highincreasein 2017. Over most the 10 years it is gtié predominant
sourceof heat generation,representng 65%% of the totafuel sourcesfor heat generation,
with biofuels and oitomprising only16% and 14%, respectively.
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Figured.22  A) Heat generation by source am) % share heat generation by souine2018 Source:
IEA

Geothermal enerqy in Italy

The contribution d geothermal energy in ltaly is still very l@amd represents only 0.4% of the
heat generation (sedrigure4.22). This is much more evidenvhen compared to other non
renewable sources of energiigure4.23 shows heat generation fromenewable and waste
sources.Primary solid fuels haviecreased abruptly since 2009 to 2014 anegiresents 66% in
2018. Geothermal energy represents barely a 2% of the total faidvby biogasand liquid
biofuels with 26% and 5%, respectively.
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Figured.23  A) Heat generation from renewable and waste by sourcag Brf6 share heat generation
from renewable and waste by sme. SourcetEA
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In Italy, geothermal resources are used for both electricity generation and direct use. Power

LI I yGda | NB -Xrgvaldi & Moiing 2

f20F 0SSR

Ay ¢dzaldlye

Amiata. Direct geothermal use is widespread ovenili®le of Italy.

a K

The main sectors using geothermal energy are space heating (42% of total energy use) and

thermal balneology (32% of total energy usEjsh farming is third with 18%sroundsource

heat pumps (GSHPs) constitute the main technology to éxafal deliver geothermal heat,
they account for 38% of the total installed capacity and some 30% in terms of ebesgyct
heating system represent about 8% of the total geothermal heat utilization (863 TJ/yr) with a
total installed capacity of aboutSD 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 Milgdg)].

The table below provides information on geothermal eneugg for Italy. Official electricity dta

are for 2018, direct use data for 2017.

Electricity

(data as 2018)

Direct Use
(data as 2017)

Total Installed Capacity (MWe) 915,5 | Total Installed Capacity (MWix) 1424

) \ New Installed Capacity (MWiy)
New Installed Capacity (MWe) 0 (2015.2017) 52
Total Running Capacity (MWe) 915,5 | Total Heat Used (PJ/yr) 10.915
Contribution to National Capacity 08 Total Installed Capacity Heat 532
(%) : Pumps (MWi)
Total Gross Generation (GWh) 6105 | Total Net Heat Pump Use [PJ/yr] 3.262
Contribution to National 2 Direct Use Targets N/A
Generation (%) ' (PJfyr by when)
Target (% national generation) 1080 Estimated Country Potential (MW, N/A
(data as 2016) or PJ/yr or GWh/yr)
Estimated Country Potential (MWe) 4000 (no significant change in estimated
(data as 2016) direct use)

Table4.3 ¢ Geothermal energy use for Italy. Source:VIEA

4.3.2 Building sectormarket

In 2011, Italian building stock comprises 14n8lion 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 nationaloverall energy use. The energgving 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 Refurbishmehthe National Building Stogbrovides an
energy refurbishment scenario which takes into account current minimum energy performance
requirements for the building envelope amechnical building systems, technical feasibility and

a favourable cosbenefit ratio[20].

Vil |EA Geothermal 2019 Italy report
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In terms of number of buildings residential buildings account for 84%;residential are 11%
and there are also a share of noccupied buitlings (5%). In Italy new buildings represent
28,8% of the construction market, while renewable energy sources RB%) the largest
share (66,9%) is the refurbishment of the existing building stdtle energy efficiency
measures are carried out mainlyhen 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 thainode building approach

As a resli, the existing building stock is quite old wigoor energy performances. IRigure

4.24 data for the residential building stock show that 57% of the buildings were built before
1970, 29% of the buildings were biuetween 1971 and 1991, and 14% of the buildings were
built after 1991. For nomesidential buildings data are scarce, estimaseggestthat 53% of

office buildings were built before 1971, 23% between 1972 and 1991, 25% after 1992. The
educational builthg stock consists of older buildings: 90% were built before 1971, 4% between
1972 and 1991, 6% after 19921].
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Figured.24 Residential buildings per age of construction. Source ISTAT 2011

The building stok 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 genation 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.

XENEA, 2013
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New dwellings bilt in 2009 consumed 30% to 60% less than dwellings built inX1880 by

Hnum FEf ySg 0dzhf FOAYYSINR &g AofdEA f ORS YA FINI (&K [ Ty NeR
of Buildings Directive (2010/31/EU). However, it should be noted that most EU asuextend

their dwelling stock by less than 1% per year, so the impact of the new eréiggnt

buildings is limited and policies to regulate the energy performance of new buildings are not
sufficient.

Renovation of the building stock

The constructiorsector was significantly impacted by the economic crisis, recording a sharp fall
in both investments and new building/renovation projects during the period 2@13.
However, during the last quarter of 2014 and in early 2015, the market appeared tossgosv

of recovery, especially in the sector for renovations of existing building stock. More than 70 %
of the existing building stock was constructed {1@80s, before specific energy efficiency
requirements applied. Considering that the average lifespha duilding is estimated to be
about 60 years and that energy bills represent an increasingly significant share of the costs, the
number of energyefficient and major renovations carried out on existing buildings can be
expected togrowx.

Energy efficieng 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 ailepdhat cover
shallow geothermal, building, heating and cooling as well as renewable energy.

In terms of shallow geothermal italy,

-  Shallow geothermalis defined as smaller local utilizations from warm aquifers or
through the use of GHEs to a maximdepth of 400m and where the installed capacity
does not exceed 2MWith.

- 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 cloesd GHEs are regulatedy 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 GSHRearcurrent transposition of the EPDB.
As part of thisthe following requirements are reported: $0% for Domestic Hot Water,
50% of Total Energy Demand feew residential buildings, new nedomestic buildings
and retrofit and ii)55% of Total Energy Demand for public sector buildings

In terms of Renewable,

XQOdyssee, 2012
Xltalian Energy Efficiency Action plan 20ts://ec.europa.eu/energy/sites/ener/files/documents/it neeap 2017 _en.pdf
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- The use of GSHP systems and low temperature geothermal resources is widely discussed
throughout theregional energylan, 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 thestment costs
in ten years.
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4.4 Market in Malta

Malta is anarchipelagoin the centralMediterranean(in its eastern basijy some 80 km from
southern Italy across theMalta Channel The archipelago is located on the African tectonic
plate.

Climate condition

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

The average temperature for the year in Vallettd &9°C The warmest month, on average, is
July with an average temperature 86.1°C The coolest month on average is Januamh an
average temperature of 12.2°Che highest recorded temperature in Vallettad®.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 geolggof 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 om top o
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.

Upper Coralline Greensan d Lower Coralline
Limestone Limestone

B Gebelimbark e CY I-Mara

Tal-Pitkal Globigerina Limestone Xlendi
B Uoper Globigerina
Middle Globigerina

Lower Globigerina

B Miarfa Attard

I Maghiaq

Ghajn Melel

Figure4.25
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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 northerand 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 povide itself with seHproduced 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 consumptioas th
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 Malta

The firal energy consumption by major sector over the period 20067 is shown irFigure
4.26. Themain energy consumer tsansport, andits share is lightlyncreasing. It is followed by
commercial public services, residential and industry sectors

The share of transport is considerably high;isi followed by Commercial, residential and
industry sectors with 25%, 18% and 11%, respectively.
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Figure4.26 a) Total final energy by sectand b) % share final energy bycg®. SourcelEA

The final energy consumpticsplit by sourceover the period20062017is shownFigure4.27.
Oil products are still the ggest energgourcein Belgium followed by electricity.

The shareof the oil products hasncreased and it is increasisgce 2012. In 2017, oil products
sources accounted for more than the hailf final energy useelectricity presented a slightly
increasing in the past 5 years, in 2017 the share is 41%.
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Figured.27 a) Total fhal consumption by source and % share total final consumption by source.
SourcelEA

Usage of renewable energies

Renewable energies include wind, solar, biomass andhgewtal energy sources. Since it is not
possible to clearly determine the amount of generated energy, all energies from hydropower
are displayedseparately.ln 2016 renewable eergies accounted for around 8.99&rcent of
actual total consumption in Maltal'he followingFigure4.28 shows the percentagshare from
2012 to 2016This share identifies the share @hewablein the total final energy consumption
excluding traditionalises of bio energy. The figucerrespndsto the datasets released in May
2019 in the context of the annual progress report for tracking the SDGs.
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Figure4.28 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 sfaghdy houses
such as terraced houses/townhouses, to apartment blocks comprising units suchtss fla
maisonettes and penthouses.

The total number of occupied dwellings totals 16A) units, equivalent to 68.2% of the total
dwelling units. A substantial portion (31.8%) of dwelling units is unoccymiepgerty thatis

either used as seasonal or secondary use, or else completely vacant. Whereas great potential
(in terms of number of nits) exists in terms ofenovating suchbuildings, especially those
which are completely vacant, the reasons why these are vacant are multiple, and most of the
time due toreasonsother 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 descthe 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].

Gontinuously occupied dwellings, singkmily 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 mukfamily buildirgs, comprising flats, maisonettes apenthousesTable4.4

shows thedistribution of residential buildings by building type.

Type of Dwelling Units Percentage of Total (%)
Terraced House/Townhouse 52,519 344
Semi-Detached House 5,812 3.8
Fully Detached House 3,383 2.2
Semi/Fully Detached Farmhouse 1,306 0.9
Other 686 04
Single-Family Houses 63,706 41.7
Maisonette Ground Floor Tenement 44,145 289
Flat/ Apartment/Penthouse 44919 294
Multi-Family Houses 89,064 58.3

Table4.4 ¢ Distribution of residentiabuildings. Source NS&C

al fil Q3d KzdzaAy3a aidz2 0]

In terms of age distribution, notwithstanding the recent increase in number of new fiaunitly
houses, replacing singfamily houses, the bulk of the national Maltese residential stock is
generally quite oldThis is especially true for buildings of the sirfigimily typology, given that
current industry trends show that new buildings are predominantly of the rfiaitiily building
type, whereas given cost implications and the limited space available the nushipew single

Xii National Statistics Office Census, 2011
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family houses isomparatively very smallfable4.5 and Table4.6 show the distributionof
buildings by age band for singi@mily houses and muifamily buldings.

Terraced Semi- Fully Semi/Fully Total Single

House Detached  Detached  Detached Other Family

Townhouse House House Farmhouse Houses

1918 or earlier 9,142 615 376 520 219 10,872
1919-1945 6,503 131 114 179 74 7,001
1946-1970 8,978 888 835 240 111 11,052
1971-1990 20,736 2,682 1.387 286 158 25,249
1991-2000 5,618 1,015 463 75 92 7,263
2001-2011 1,542 481 208 6 32 2,269

Total 52,519 5812 3,383 1,306 686 63,706

Table4.5 ¢ Distribution of buildings by age for single families

Semi/Fully Detached Total Multi Family
Farmhouse Other Houses
1918 or earlier 3,912 971 4,883
1919-1945 4,928 1,401 6,329
1946-1970 9,879 8,574 18,453
1971-1990 12,659 13,463 26,122
1991-2000 7,680 8,443 16,123
2001-2011 5,087 12,067 17,154
Total 44,145 44,919 89,064

Table4.6 ¢ Distribution of buildings by age fanultifamily.

Renovation of the buding stock

Existing residential buildings have the potential of becoming very ereffgyyent buildings,
possibly also energgeutral buildings or even net energy exporteHowever it is important to
stress the fact that such coesptimal levels can oglbe reached if the right conditions exists.
Specifically, such low cesptimal 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 applfcalsiew buildings.

To enable effective enforcement, major renovations were defined in Legal Notice 376 of 2012,
G2 NBfIGS aLISOAFAOFLfte (G2 GKS o0dzAf RAYIQA
requirements, which came into force in 2016, further aelek 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 perfornt@ 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 forimmum energy performance and the calculation of the

30/09/2020 66



GEO4CIVHID7.3Market and Business Innovatiof ¢ersion

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 ag 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, heting 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 amalble 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-N&® F dzy R 6 £ S F¥SS 27
must include a minimum of the flowing items:i) details of the applicant; ii) full

technical detail&nd ii) details of the purposes for the construction of the borehole.

In terms of Building and heating & cooling systems,

Regulationslefine the requirements in terms of building energfjiciency and inclusion

of renewable energy technologies in the case of retrofit and new buildingsimum
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; stalode buildings with a
total useful floor area of less than 56na 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 prowle 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 anspection reports by the
perit or independent registered system inspector.

No specific regulations aside frothe exemptions mentioned above @rapplicable in

the context of historical buildings and the inclusion of renewable technologies as part of
anyretrofit 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 groundre®theat pump systems,
with supports only provided for solar hot water generation and somaegee grants for

air source syems.
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4.5 Market in Spain

Spain is a country and member state of the European Union located in-sastern Europe

on the Iberian Peninsula. Its mainland is borderedhi® 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 km?, it is the second largest country in European Union after France.

Climate condition

The clinate in Spain varies across continental Spain. Spain is the most climatically diverse
country inEuropethe Figure4.29 shows theKéppenGeigerclimatesclassification excluding
the Canary Islands, and is within th@ most climaticallgiverse countries in thevorldii.

- The hotsummer Mediterranean climate (Csa) which is also characterized by dry and
warm/hot summers and cool to mild and wet winters. According to the Kdppen climate
classification, this climate is don@int 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 ftmmer Mediterranean climate is further
divided into the "Standard Mediterreean” 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 Guadalquiviver 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 warmsummer Mediterranean climate (Csbyhich predominates in parts of
northwestern Spain and mostly inland in centrarthern 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 CountAsturias, 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 prawince
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 incluadts qf
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 warmsummer continentatlimate (Dfb) which can be found in many areas in north
eastern Spain, in areas starting with altitudes above 10000 masl. It can be found
also in some areas in the Cantabrian Mountains and the highest areas of the Sistema
Ibérico mountain range in céral-eastern Spain.

xii. AEMet, Agencia Estatal de Meteorologia.
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Figure4.29 KdppenGeiger climatelassification map fogpain

Underground characteristics

Geologically, Spain can be divided in terms of bedrock.

1. Asiliceougerrain seated on hard aththerefore durable crystalline rocks (granites,
schist and gneiss) forming acid soils and poor in carbondkesNorth and the West of
the Peninsula;

2. A limestonderrain based on sedimentary rockshe heavily weathered Mesesta.

The Iberian Peninsulaontains rocks from every age, and almost every kind of rock is
represented. The core of the Iberian Peninsula consistsHdrcynian cratonic block known as
the lberian Massif In the northeast this is limited by thByrenean Fold Beltand in the
southeast it is limited by théetic FoldchainThese two fold chains are part of tAdpine Belt

The western peninsula is delimited by the continental boundary formed by the magma poor
opening of the AtlanticOcean The Hercynian Foldbeltis mostly buried byMesozoic and
Tertiary cover rocks on the east side, but neither the less outcrops throughbéran Chain

and theCatalonian Coastal Rangdsigure4.30represents the map of soils of the Spain.
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Figure4.30 Map of the soil regions of the Spaifource: info.igme
4.5.1 Market development

Spain has a high potential of geothermal resources from different types (high, medium and low
temperature). This geothermal potential,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 evolutignLJF A Yy Qa
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 wooldlm&

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 consumptiore
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 majsector for 2018 is shown inFigure4.31A and their
comparison is presented iRigure4.31B for 2000 and 2028 The mainenergy consumer is
transport, followed by industry with 22.1% arffesidential 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 secto(Figure4.31B).

XV http://info.igme.es/cartografiadigital/datos/geologicos1M/GeologicO1®94)/jpgs/EditadoG1000_(1994).jpg
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Figure4.31  A) Final energy consumption by sector @) share of final energy consumption by
sector. Source: IDAE

The final energy consumptiosplit by sourceover the period20002018is shown inFigure
4.32. Oil products are still the biggest energy carrieGpain followed blectricity andnatural
gas and far behind renewable and carbon sources.

Qil products sources accounted 6%, more than the hatif final energy usgelectricity has
slightlyrisenfrom 2014 with 2446 and thenatural gas present almost the same behaviour with
16%.
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Figure4.32  A) Final energy atsumption bysourceandB) % 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& fldgure 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 yed&egarding electricity generation in 2017,
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overall renewable energy production, dotty 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 overallgeneration 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 genenati

2017 was offset by an increase in the share of thermal

PURE PUMPED: 3.2%
NUCLEAR: 6.8%

COAL: 8.6%

o . IYDRO: 16 4%

jRu?f‘EWABLE. SOLAR THERMAL: 2.2%
3%
OTHER RENEWABLES™: 1.0%

st
104,122
MW

NON-RENEWABLE WASTE: 0.5%

[1) Includes biogas, biomass, geothermal, marine hydro, wind-hydro and renewable waste.

Figure4.33 Breakdown of installed power capaci§ource RED Eléctrica de Espafia

Geothermal enerqgy in Spain

The rise in geothermal activity Bpain m recent years has touched all sectors of geothermal
resources. In the field dfightemperature geothermal resources, exploration activity has been
resumed in the volcanic archipelago of th@n@ry Islands.

The possibility of finding locations tWi favourable geological characteristics for the
development of potential projects in enhanced geothermal systems (EGS) is being investigated
in several areas of Spain, especially Catalufia and Galicia. Use-tefriperature geothermal
resources for distat 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 inclutiiogpitals,
schools and hmes for the elderly. Lastly, a large number of activities aimedaking
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 tej2ishry

According to the Spanish National Geothermal Platfgrnshallow geothermal rergy is
defined as the energy stored as heat in the first 280below 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 tempamed 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 resourcesni 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 nowlomestic systems (large systems), and exclusively when mining

XVGEOPLAT. Vision for 2030. Madrid (Spain)
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methodsare used during the exploitation phase of the resource, and thus does not apply to
shallow geothermal energy systems where driling methods are only applied for the
exploitation infrastructure (BHE or deep wells) before exploiting the resource itself.
Nevetheless, 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 thermatens are exploited

by shallow geothermal energy systems, then the approval of a full exploitation plan, which is
complex and very timeonsuming to prepare, is required.

4.5.2 Building sectormarket

In 2011, Spain has an estimated 10.2 million buildings, otlwhmearly 9.5 million are
residential in character and contain 25 naillihomes.There are 8.5 million residential buildings
among those constructed before @0, which contain around 21 ridn homes in total of which
14.5 million are primary residencesttvicertain common characteristics.

- Ghf RSNJ . dzAG0R wefeddil prior tl @88, Mdfore the advent of any technical
buildings standards or codes designed to regulate the quality of buildings built in Spain.
Specifically, 60% of these buildings werelt before the enactment of the first laws to
Ay Of dzRS o0dzAift RAy3da AyadzZ I GA2y NBIdANBYSyYy(a:
some time to propagateéhrough the whole buildings sear. Among these prd 980
homes: 15% of buildings were built be#o1900, 41% between 1960 and 44% from
19601980 (9%, 32% an®% of housenholds, respectively

- GwdzN> Ay3astrt b Sl NI &ingsKregistgred 2nfthe 2005 cersuwizAor ver
40% of these households, are located in rural areas in populagotresof 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.

- Gl 2YS [ 2y OSy lishighihbugeHbéldconteitétais 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 characistics which define Spanish homes: Their disper or the
sharedcommunity buildings which polese the sector and require well planned intervention.

[solated Single Adjacent Single Collective (Block)

farily Housing Unit family Housing Unit

51,59 :
! 61,4%
76.8%

33,9%
33,9% 27,0%

16,2%
14,5% 7.0% 11,6%

Before 1945 1945-1980 1981-2008

Figure4.34 Distribution of Spanish buildings by aged type. Source: INE001)

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

30/09/2020 73



GEO4CIVHID7.3Market and Business Innovatiof ¢ersion

performance requireents 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 vbjatti
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 camthed
transposition of the building stock towards NZEB levels.

4.5.3 Regulations

This setton summarisessome basic ideas abow@panishregulation and policies that cover
shallow geothermal, building, heating and cooling as well as renewable energy.

In terms of shallow geothermal Bpain

- There is no specific form or protocol in order to aint 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.

Interms 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 Hiut there are no sanctions in case of rRoompliance.
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 energgil@nhance 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 tdoastruction of new buildings.

For partial renovations, the requirements vary according to the parts of the building that
are being renovatedThe energy performance requirement for existing buildings in
Spain takes into account the following importantipis:

1 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 fxisting buildings

1 Information campaigns / complementary policies

E R N

- 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, providd 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 ithre reg
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 casdy-case decision. Depending on this decision, no EIA will be requiéd, b
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 authorizatios from the water authorities is required. When
pumped groundwater exceeds 7008/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 hydrodegical study assessing the thermal
AYLI OG OF dzaSR (2 23GKSNJ D21t aeéadasSvyaQ dzas
impacts. Different regional water authorities have their own sustainability threshold
values for characteristics such as maximum injecti@mgeratures 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 betweeystems and in the proposal of
sustainability thresholdg24)].
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4.6 Market in Germany

Climate condition

Figure 4.35 shows the Koppefeiger classification for Germangl], the East has a e
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 tpatdominate 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.

h@SNIff3X DSNXIy&Qa Of A Yl (i Sngdr period2oRveritold &6 varyy R K |
hot weather. InJanuary, the coldest month, theveragetemperature is about 2°C in the North

and -2°C in the South. In July, the warmest month, the Northern coasts have temperatures
averagingfrom 16°G22°C; at some locins in the South, thaverageis 20°C or slightly higher.

Arid, steppe, cold (BSk)
Temperate, no dry season, warm summer (Cfb)
Cold, no dry season, warm summer (Dfb)
I Cold, no dry season, cold summer (Dfc)
Polar, tundra (ET)

Figured.35 KoppenGeiger climate classification map for Germany

Underground characteristics

Germany has an enormous number of different carboraiek units, which vary widely in their
geological age and sedimentary depositional environmi4.
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Figured.36 Map of the soil regions of the Germaryource: Lyllcollection
4.6.1 Market development

Overview d the energy consumptions in Germany

The final energyonsumption by major sector over the period 262817 is shown irFigure
4.37. The main energy consunsare Transport, Industry and Residential sector with @i of
25% of the total consumption.

A) B)

Figured.37  A) Total final energy by sectandB) % share final energy by sect8ourcelEA
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The final energy consumpin split by sourceover the period20062017 is showrn Figure
4.38. Oil productswith a steady behaviour over the last years atdl the biggest energy carrier
in Germanyfollowed by natural gas and electricity

The shareof the oil productsaccounted for 4% of final energy usenatural gasn 2017 with
24% and the electricity presents a steady behaviasiwell with 206.

A) B)

ktoe
120 000

100 000
\/\_—___\ Oil products

80 000

Biofuels and Heat
waste

Wind, solar, etc

60000 Natural gas
Electricity

40 000

20000 Biofuels and waste

_Heat

Wind, solar, etc. Coal

I | I I I
2006 2008 2010 2012 2014 2016 2018

Figure4.38  A) Total fhal consumption by source a8} % share total final consumption by source.
SourcelEA

Figure4.39 shows the heageneration by type of sources {Bermany over the several years
(20062018) Despite of Natural gas has decreased significasitige 2006 to 2014 and it is
increasing from 2014, it represents the bigdeat generatorin Germany, followed by Coal and
Waste sources.

In terms of share, Natural gas represents almost the dfathe 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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Figure4.39  A) Heat generation by source am) % share heat generation by souine2018 Source:
IEA

The contribution of geothermal energy in Germany is still low and this is much more evident if
we compare with other nomenewable sources of energligure4.40 shows heat generation
from renewable and waste sourceBrimary solid biofuel§46%) is still prevailing head of

other renewable and waste sources of heBiogases take second place with 27% followed by
waste (15%)Geothermal represents the%4 ofthe share heat generation.

A) B)

T
30 000

) b Geothermal
Primary solid biofuels Solar thermal

Liquid biofuels 1%
25000
0.3% / 0.02%

20 000

15 000

N Biogases
Industrial waste og
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Solar thermal

- Liquid hiofuels_/_Ml
O T T T T T T .
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Figure4.40  A) Heat generation from renewable and waste by sourcag Brf6 share heat generation
from renewable and waste by source. SourdeA

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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Figure4.41 Development of geothermal heat use in Germany from 1999 to 2016

2

But for the most partGermany still heats its buildings with oil and gesswe noted in the

figures aboveAlmost a third2 ¥ DS NN | y & Qa yicchsuimgtion hA2¢91B tventSmyoS NH
aLJ OS FyR 6FGSNI KSFGAy3 Agfeenbodsk haemigsahsd, @hich KS 06 ¢
arise almost solely from heating, add up16% of total emissions; and almost 3@ including

indirect emissions. Currelyt more than90%2 ¥ DSNX I ye Qad KSIF GAy3 &aeais
and natural gasii.

The Leibniz Institute for Applied Geophysics (LIAGinates that Germany has the potential to
increase production of deegeothermal energyrom the currentl.2 terawatt hours(TWh) of
climate-neutral heat per year to 100 TWh of heat per year by 2050. And the thinkAgaia
Energiewendearguesthat the number of shallow geothermal units, which use grosodrce

heat, should rise from 420,00to 2.5 to 3 million. The German Environment AgendgA,
DSNXIyeQa SYy@ANRYYSyllf LINRGSOGAZ2Y | 3SyOesz Ol
that K2¢g akKlff2g YR RSSLI IS20KSNXYIFf O2@0SNAy3 |
2050.

Almost all of Germany boasts shallow heat sources suitable for shallow geothermal technology,
which uses groundource heat pumps to boost temperatures that heat havand buildings.
About 420,000 groundource heat pumps provide heating to buildings in Germany. Six to
seven times that many will be raged to hit ambitious climatéargets such as reducing annual
greenhouse gasmissions in the building sector by betwe&d and 72 millioionnes of CO2 by
2030.Newly installed groungource heat pump# 2019 20,000 In Germany, Bavaria has the
most expansive geothermal investments, but the state of Brandenburg boasts the highest
number of geothermal heghumpswith 575per 100,00QersongVi,

4.6.2 Building sector market

Around 68.4% of the buildings presently available in Germany are residengafFigure4.42),
where approximatively 40.9% are singdemily households and the 27.5% is formed by multi
family apartment blocks. The occupancy of these residential buildings, in contrateto

XVi Source: Leibniz Institute for applied Geophysics (LIAG), Hannover, Germany. 2018
XVl Clean Energy WireJournalism for the energy transition. 2020
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average trend othe other EU countries, is referred to tenants which accounts for about 65% of
the whole stocks. Only the 45% of them am@ner occupied. Thisituationis potentially critical

for a wide diffusion of the energy retrofit actions, since the decision pcesid 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.

S 0.4%

= All single family buildings

All multi family buildings

Offices
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Hotels and restaurants >

Health care
@ Educational buildings

@ Other

Figured.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 efesitential
buildings is 31% of the total area which is a normal share compared to other countries. Roughly
39% of the total nofresidential floor area is occupied by officédout 60% of the residential

floor area consists of singtbwelling buildings (standlone or in ow houses). The residential
floor area is also predominately privately owned (with a share of 53%) and 46% of the dwellings
are owneroccupied. The social hougjgector accounts for about 5%.

Over 54% of German residential dwellings were constructed befttre 1970s, and
approximately63% before 197679, when the first Energy Saving Act (EnEG) was introduced to
SadlofAaK odzZAfRAY3I O2RSA T2N K2dzZAAy3Idyuwd ¢ KS
since. Price developments have been influenced by recent events surrounding imamdgati

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 m?/capita in 2008, slightly decreasing
thereafter to 45 m?/capita. The economic recovery of Germamgethe recesion, leading to

higher purchasing power, an increase in population, and urbanisation, have increased the
demand for scare housing spacde

Vil T ClimatICcBuildingMarket Brief. Germany. 2018
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Figure4.43 Trends in residential building spaceGermany. 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
consumpion and thus have important energy savings potenid]. 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. Reaognise additional progFss
needed, the government has thus aimed to double the rate of eneaying modernisation

from 1% to 2% per year, with the EnNEG and EnEV introduced to implement these goals.

LYONBIaAy3 GKS NIGS 2F NBGONRTFAGEA SBuidsrgsSt @
built before 1979, at which point the first Thermal Insulation Ordinance for buildings came into
effect. Since then, Germany hagtitened the minimum energy piErmance standards (MEPS)

for new buildings severaimes, and new residential bldings 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 nearlyzero energy standard for all new buildings from 2021, as required by the EnEG.

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

- MEPS for buildings,

- aroadmap enumerating sherand longterm goals, and

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

Lack of capital was identified as one of the main challenges preventing homeowners from
upgrading their properties. The Kfeupported Energy fiicient Refurbishment and
Congruction Programmes are the mostel-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 effy work during the general
refurbishment of existing bildings and to encourage energyfieiency standards in new
buildings which are higher than the legally required minimum. The loan conditions are highly
preferential, withtenure of up to 30 years and an initial grace period. Interest rates can be as

lowl & M:> RSLISYRAY3I 2y YIN]JSG NrdSasz FyR I NB

support. The schemes are open to all building owners including privatividuals, housing
enterprises, housing cooperatives, real estate agents, municipglitand loch community
associsions. They are intended to be technology neutral; the keyeaatfor 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 canrbed from KfW.The Energy Efficient
Refurbishment and Construction Programmes support both single measures (wall insulation,
loft insulation, floor insulatn, window replacement or reflaishment, installation of
ventilation, replacement of heating systemstc.) and a series of multhieasure packages.
During the period from 2006 to 2016, 4.6 million dwellingsere either refurbished or
congdructed as energefficient by design. No surveys record the level of public familiarity with
the programmes; howevethe entire budget is consumed each year, which may suggest that
familiarity is high“i,

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 nonlegal definition of shallow geothermal ergy is given in VDI 4640 @lpes to the
thermal use 6the underground up to approxiately 400 méers 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 froenwlater authority.
Restrictions are also applicable in the context of the installation of GHESs in urban areas
for environmental reasons.

- Design of GHE systems typically requires that the ground temperature does not drop
below-30C over the operational lifef 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.

- Secific permission for drilling works to be performed by certifadlers is required.

The drillng operations must be carefulldocumented 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 theausf 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 thew 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'adoz.

- No specific regulations are applicable to historical buildingsigver 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 saaghority is required

In terms of Renewable,

- Geothermal heat pumps have contributed 344 and 364 ktoe in 2015 and 2016 of the
total share of renewabléor heating and coolingespectively. No specific local targets
or energy plans were reported as pafttbe 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 deploymentobf 'eghnology

in the European context.This section will cover themarket requirementsfor shallow
geothermal systems bfpcusing into two important items: i) Drilling equipment, methods and
technology and ii) integration of geothermal system itself withiding 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 ltaly (Fraste, Commachio, Soilmec etc.).
Although other countries will have local suppliers, they are alltretly small.A quick market

scan gives the following numbers for manufacturers of water well and shallow geadhe
drilling rigs per country.This listhas been constructed by taking dafeom drilling rig
manufacturers in Europ® and itdoes not cover the smaller manufacturers.

N° OF

MANUFACTURERS COMPANYO S INAME

COUNTRY

Econ Industries
Dipl.-Ing. Lutz Kurth Bohf und Brunnenausristungen GmbH
Geotec Bohrtechnik GmbH
HAUSHERR System Bohrtechnik
Prime Drilling GmbH
Herrenknecht AG.
ADLER Arbeitsmaschinen GmbH & Co. KG
TractoTechnik GmbH & Co. KG
STDSJantz GmbH
Germany 19 Bentec GmbH Drilling & Qilfield 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
IMT International
Soilmec S.p.A
Italy 11 — :
Massenza Drilling Rig
Beretta S.r.l.

Xix https://lwww.environmentalexpert.com/companies/keywordirilling-rig-2853/locationeurope/businesgype-manufacturer
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18

Fraste S.p.A.
Comacchio S.r.|
Drillmec Inc.
Durham Geo Enterprisegart of Nova Metrix LLC
Tes Car s.r.l
Hohner
Gaggiotti Franco & C. snc
Sisgeo S.r.l.
SDEC France
LIM SAS
Eijkelkamp Sonic8mpDrill
Sandvik Mining and Construction B.V
Boode Waterwell Systems
American Manufacturing Co.
TRS Group, Inc.
BMAIr
TEMA Systems, Inc.
Art 6s Manufacturing
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 QOilfield Machine Inc. (WOM)
Zeefax Limited
MetSpec
Oceaneering International, Inc.
APS Technology, Inc.
Baroid Industrial Drilling Products
GeoVista
Hardab AB
Atlas Copco AB
Ingenjorsfirman Geotech AB
Swedish International CirelEnterprise AB
Environmental Mechanics AB
Driconeq International
BAT Geosystems AB
Geoprobe System&ejr, Inc.
Rotek A/S
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N° OF ~
COUNTRY MANUEACTURERS COMPANYOS NAME
Akerbergs Maskiner A/S
. Geomachine Oy
Finland 2 :
Robit Plc

Table5.1 ¢ 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 handlingnd 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 snall 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 48 tonnes

- Rod handling usually by hand

- Simple pumps (centrifugal agricultural type)

- Average age probably around 10 years, expected life sp&t0Mears

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 markehews 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 EUProjects and drillingompanies 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. Itis 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 atlels 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 methaglare 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
3.2and we present here below a brief summary.

Straight flushrotary 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 multggdeshole
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 wegd 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 ¢hoperating 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 haveesn 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 mogetitve
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 pulkback of 5,000 to 10,000 daN and 400 to 800 kgm of torque on thehdalll. 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,ldops
individual parts of the rig can bmatched 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 itisin the rig to reduce emissions

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

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

- Developments in measumy 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 regs 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 largdrilling projects where the margin is low. Drilling rig design, maintenance and
durability plays a majorole in obtaining these goalfue to better engineering solutions the
construction of drilling rigs has improved and this benefits the durabilithedrilling 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 placaringe made

for the maintenance the service moment does not interfere with drilling projects. Thus the
drilling rig has a downtie which is as low as possibla.case of unexpected breakdowns the
manufacturer has a service fleet which can travel to tigeon 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 productire 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

- NENENISO 16224.:2014
- NENENISO 1622&:2014
- NENENISO 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 technolmgl 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 prduction.

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%hefenergy. To improve energy
efficiency in the built environment, the Ebnacted the Energy Performance of Buildings

Directive (EPBD) 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 n@rdé&nergy

XXDirective 2010/31/EU of the EU parliament and of the council. On the energy performance of buildings
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Efficiency Directive) requires member states to establish -teny 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 sueas solar thermal and heat pumps.

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

pumps are currently availabié

Low to zero energy buildings

SATFSNBYG t26 AYLI OG o6dAf RAY#E#T SRFOSWSAHBBEE K2 i
common approach is very low energy requirerteerand 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 vamgdetthe various

EU member states, but the basic principles on the approach to the concept is similar. The
shared strategy is the 2P0-20 approach. This is first of all setting maximum levels on the
energy requirements of buildings and secondly to redtloe 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 ee@@sions, require
an integrated approach frorthe design perspective as they will interact.

Obviously, the limitation of kWh/fmin new and renovated buildings will be achieved by
improving insulation, passive cooling and heating design, the use of higher quality materials and
build quality™". The seend 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 heapumps 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 shadlothegmal

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.

XXiIEATechnoIogy Roadmap, Energy efficient buildings: heating and cooling equipment, 2011
XXINEA Technology Roadmap, Energy efficient building envelopes, 2014
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As the requirements for heating are much reduced ie tiew 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 housingtthas 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, hesing t
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 carubed for mechanical cooling.
From an article in the REHVA jouffalenergy usage in zero energy buildings can be
summarised into:

- High temperature space heating (55 @80 °C)

Low temperature space heating (35¢65 °C), radiant heating
DHW temperature(40 °G 65 °C)

Cooling energy for space cooling (7¢°1® °C)

Cooling for dehumidification (< 12 °C)

Furthermore, it is anticipated that energy demand for space heating will drop to values of
around 15 kWh/m. DHW production will be significantly great¢han space heating
requirements (atwice the amounj. 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 heptimps 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 @ry 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 a

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 ke considered when opting for this equipment:

Air source heat pumps:

- Lower investment cost (+)

- Maintenance subject to air quality and exposition of air cdil (

- Easy installation, well known technology, large choice in available equipment (+)
- Good efficieng performance heating at ambient > 10 °C (+)

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

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

XXl Eprico Fabrizi, System for Zero Energy Housing; REHVA journal, November 2014
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Strong electrical draw (on grid) at low temperatures through the useesftetal resistance
heating €)

Mechanical cooling possible (+)

Noise emissions from fang (

Space requirements for outside condenser/evaporator coil/fan (

Ground source heat pumps:

- Higher first investment cost due to ground couplifrg (
- Lower maintenane cost (+)
- More complex design and installation more limited choice in equipm@nt (

-1 A3K KSFGAYy3a STFAOASYyOes dzaAy3a GKS 3INRdAzyRQaA

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

- Thermalstorage capability in the borehole (inject heat from cooling in daytime, extract heat

for space heating or DHW production at night) (+)

-LYGNRRdzOS (GKS GKSNXYIFf &ad2N)r3S OFLIOoAfAGE

- No outside features (architecturbenefit) (+)
- 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/#0om the results it can be
seen that ground souecheat 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 GEOA4CIVHIC Next generation heat pump

The heat pumpnext geneation under development in theGEO4CIVHI@roject intends to
achieve four goals:

1. To produce acompact and easy to install heat pumfis install in deeply retrofitted

buildings with small energy load profiles (4 to 6 kWWYyange of small capacity plug and
play geothermal heat pumpswvill be developedto achieve easy and low cost
installationsto address this market. The innovation will targetluced dimensions as
well as increased efficiency and flexibility

. To build hybrid pumps that combine air and geetmal sourcesHybrid heat pumpsan

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 hencdlohg costs.

. To continue from the CheaSHPs project in the application of Heat Pumpshigh

temperature terminalsvith good Coefficient bPerformance (in the order of 2.5 to 3.0).

. To meet the needs of buildings where partial retrofits are carriecenghierminals at

two temperature levels may be requiredhe two approaches developed in Cheap
GSHPs and GEOTeCH will be merged to buildtwo source heat pumgHP) which
may work athigh temperature.

XXV Carsten Wemhoener, Heptimps 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 reduagreenhouse 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 issnvisaged 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 heatnps 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 sage and no noise emissions.

In the GE@CIVHICproject through the development of ra innovative heat pump new
generation for both low and high temperature terminals suitable for all buildcligsatesand
ground conditionsThis in principle makes the heptimp new generationvery 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 commarsblutiors competing with GEO4CIVHI@poses
is presented, focusing odrilling, 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 outefrh 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 dilling equipment

6.1.1 Drill-rig equipment

Identified competitors fodrill rig are the following:

- IMT International

- Conrad Stanen

-  KLEMM Bohrtechnik

- GEOQOTeCH Drilling Equipment
- FRASTE
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Company nametMT Internation

INTERNATIONAL

Company profile

IMT Intenational S.p.A. was founded in 1974 by Mr G
Accorroni. Since then, the Company has concentrated or
acquisition of specific knowow for the planning and constructi
of hydraulic drill rigs, in constant search of high quality prog
and customersatisfaction. IMT has always invested in techng
and design. This policy has given life to a new plant that b o
cutting edge and whose objective is that of raising produc
guality even more. In 1999, IMT International S.pA was certifie
9001. This important official recognition was given to
International S.p.A. following strict inspections carried ouf
authorised institutions. This confirms the quality level, which
already been appreciated over the years, all over the world.

Soluion type/name: Model 9528VTR- Versatile Drill Rig

Description + picture

The new 952VTR PowerProbe is a versatile drill
that can be used in most environmental ¢
geotechnical applications. While retaining many of
same features of our largePowerProbes, the trae
mounted 9520VTR aiterrain model utilizes a small
carrier and has the added benefits of more
improved fuel economy and emissions, position:
control panel, updated hydraulics, auxiliary out
connections, and dual dozerdde verses the curre
comparablesized AMS model (the 9500TR).

Applications:

Used for both small residential and large tertiary buildings

Performance and features:

- Adjustable mast for angled probing and drilling

- 60 hp (Tier 4) Kudda liquidcooled diesel engine accessible via engine access hood
- Springloaded pull yoke

- Hydraulic outriggers and mufiurpose dozer blade

- yné aAdlFyRIFENR LINRBOS adNR1S

- 4,000 ftlbs auger torque

- More watertight and ergonomic control panel with more contr@lsd a pivotput-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
- Electrehydraulic valves with manubbhckups
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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 usefrfriendly and fail safe 3,000 Ib. hydrauliedpieedwinch
- Durable powdeicoated finish, and power track

Cost

1

References:

I https://imtspa.com
1 https://imtspa.com/products/

Table6.1 ¢ IMT international Characteriation of drilkrig equipment
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Company name: Conrad Stanen

Company profile

®
Conrad is an international, innovative organiza
from The Netherlands with over 100 years
experience in the design and production of cli

specific vetical drilling rigs and requirements. T
goal is to deploy the most efficient drilling ri
Safe and with attention for the environment, u:
friendly for every drillmaster, powerful enough
each ground and flexible enough for ev
location, worldwde.

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

Description + picture

The Boxer 50 is the newest model of the line on Co
vertical drilling machines that lends itself extremely \
for placing drainage filters. The smallest of our seri
spedfically developed as a lightweight installation «
can easily be transported on a trailer. You do not ne
large driver's license for transportation.

Applications:

Used for both small residential and large tertiary buildings

Perfamance 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

1

References:

i https://conrad-stanen.nl/en

I https://conrad-stanen.nl/en/products

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

Table6.2 ¢ Conrad StanerCharacterization of dritlig equipment
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Company nameKLEMM Bohrtechnik

Company profile

KLEMM Bohrtechnik has more than five decades of experiel
KLE M M the development and manufacture of powerful drill rigs. In

time, the company has decisively contributed towards the hig
Bohrtechnik of anchor dilling technology with innovative technologieshis ig
confirmed by e.g. more than 100 active patents and indus
property rights

Solution type/name:Drill rig KR 708G

Description + picture

The newly developed mini drill rig KR 708G - the next
generation within the proven and widely used KR 704 s¢
Designed for demanding drilling tasks in urban environm
and also within existing buildings, the new model scores
high performance, compact dimensions and low weighi
particular, theminimal width of the basic unit and the optior /
use of telescopic drill masts offer ideal conditions for us e

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 loatependent volume flow control
- 350 bar system pressure

- All functions are radio remote controlled

- Enegy Efficient Package

Cost

il

References:

9 https://www.klemm-bohrtechnik.de/

9 https://www.klemm-bohrtechnik.de/1/products/drill-rigs/

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

Table6.3 ¢ KLEMM BohrtechnilCharaterization of driltrig equipment
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Company profile

m* GEOTeCH project a@mt to stimulate and promote greate
utilization of renewable heating and cooling using sha

geothermal GSHP systems through advancement of inno
GE@TGCH drilling and ground heat exchanger technologies.

Description + picture

The GBTeCH project has developed in this topi¢ g

innovative drillirig machine composed by a mechan jE P R 1

arm that provide steam hollow augerfrom a cassett L P - 4
(semiautomatic feeder). All the system is fu Bl = -
controlled by a remote control where ongne worke| ==

can operate the equipment.

Applications:

Used for both small residential and large tertiary buildings

Performance and features:

- Dry drilling technique

- QualityAutomated auger handling.

- Auger cleaning mechanism.

- Automated operation for drilling and redcting 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
tonnes.

- Length and width of the chassis frame need to allow for all on board componeudtsarn
currently set at 4000 mm (I) x 2000 mm (w).

- The engine will have to be in the range of 18D kW. Of this capacity circa 90% will be avalil
for operating the hydraulic system.

Cost
1

References:

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

Table6.4 ¢ Characterization of dritig manufacturer GEOTeCH Project
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Company name: FRASTE

Company profile

FRASTE is manufacturing HYDRAULIC DRILLING RIGS si
when the drilling field was still very traditional and mainly invo
with mechanical transmission anttherefore they were certain
among the lItalian pioneers of modern drilling by using hydr
systems on their rigs

Solution type/name:FRASTE Multidrill ML MAX

Description + picture

FRASTE MULTIDRILL ML MAX drilling figxible,
multitasking, poweful, and top productivity rate
Properly designed to be fitted with the weédhown anc
tested FRASTE automatic drill pipes loading sy
da!bLt ) [!¢hweéd ¢KAA Aa

rig, equipped with Stage 4 Final engine of 140 HF
suitablefor Geothermal drilling. MULTIDRILL ML N
high construction standards, avagdrde
hydraulic system and great performances, to con

sturdy,

the HighQuality production level.

Applications:

Used for both small residential and largetiary buildings

Performance and features:

110 Kw power TIER 4 F

56000 mm rotary head stroke

60000 daN pulup

Max rotary head speed 210 rpm

Clamp from 40 to 250 mm

Weight between 8650 and 9000 Kg.

Cost

1

References:

9 https://www.fraste.com/
I https://www.fraste.com/en/products/geothermal-drilling
1 https://www.fraste.com/en/products/multidrill-ml

Table6.5 ¢ FRASTEharacterization of drill rigquipment
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6.1.2 Rotary heat equipment

For the rotary heads the competitors are the following

- EuroDrill
- KLEMM Bohrtechk

Company nameEurodrill

EURO
DRILL

Company profile

KLEMM Bohrtechnik has more than five decades of exper
in the development and manufacture of powerful drill rigg
this time, the company has decisively contributed towards
history of anchor drillig technology with innovatiy
technologiesg this is confirmed by e.g. more than 100 ac

patents and industrial property rights

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

Description + picture

Eurodrill Vibration Heads providenaultimate drilling capacity wit
comparatively low power consumption. The modular design al
both a compact as well as a weight saving solution. Beside:
modern design enables a high productivity for most diffe
requirements and operation condins.

Applications:

Used for both small residential and large tertiary buildings

Performance and features:

- 70 minsand/ clay

- Overburden technique

- Drilling diameter: 220 mm in slope rubble with bolders

- Ifitis not allowed to flushvith air : In or close to power plants / In inreity locations
- Wearfree pulling of the drill string

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

- Additional equipment available

Cost

il

References:

9 https://eurodrill.de/en/product-overview/vibration-heads
9 https://eurodrill.de/en/produktdetail/rhv-1500

9 https://eurodrill.de/en/produktdetail/rhv-2400

i https://eurodrill.de/en/produktdetail/dhv-24

Table6.6 ¢ EuroDrill Characterizatiorf drillingrotary head
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Company nameKLEMM Bohrtechnik

Company profile

Eurodrill are global specialists in designing and producing hya

K L E M M drifters and rotary heads.

Bohrtechnik

Solution type/name:Vibration Heads KH39; KH62; KH9SK; KHK2BH14SK

Description + picture

All KLEMM rotary heads are designed so that
are perfectly matched to the respective drilli
system and drilling task. This means that the di
produce the maximum drilling performance
interplay with the carrierthe hydraulic drifter, th
casing pipe and the drill bit. KLEMM rotary he
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

)l
References:

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

Table6.7 ¢ KLEMM BohrtechnilCharacterization of drillingptary head
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COMPANY PRODUCT APPLICATIONS PERFORMANCE FEATURES
It can be used in most | 9520-VTR alterrain model utilizes a 800 standard probe
. . 4,000 ftlbs auger torque.
. environmental and smaller carrier and has the added . .
IMT international Drill rig Model eotechnical benefits of more HP, improved fuel Wireless remote with pendant backup.
9520VTR- 9 » IMp Wireless remote storage compartment.

S.p.A.

Versatile Drill Rig

applications. Both smal
residential and large
tertiary building

economy and emissions, positionable
control panel, updated hydraulics,
auxiliary output connections,

60 hp liquidcooled diesel engine.
Electrahydraulic valves with manual
backups

Conrad Stanen

Drill rig model
Boxer 50; Boxer

Used for both small
residential and large

Vertical drilling machines that lends itse
extremely well for placing drainage
filters. The smallest of our series is
specifically developed as a lightweight

Aluminium drilling mast and drill bit

Suitable for difficult terrain and tight
environments

Advanced and very accessible installatio!

100 tertiary buildings installation and can easily be transporte Slewing ring with 3§O rotation p0§5|blllty
: Mounted on caterpillabase for optimal
on a trailer. )
displacement
55 kW diesel engine
Option to use telescopic drill masts
Designed for demanding drilling tasks Lact;[eral pivoting of drilling axis 45
. Used for both small urban environments and also within egrees

KLEMM Drill rig KR 704 residential and large | existing buildings, the new model score Hydraulic system with load sensing pumg

Bohrtechnik 3G g g gs, and loadindependent volume flow

tertiary buildings

with highperformance, compact
dimensions and low weight

control
350 bar system pressel
All functions are radio remote controlled
Energy Efficient Package

30/09/2019
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GEOTeCH Projec

GEOTeCH dfrilig

Used especially for
small buildings

Innovative drilrig 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 o}
100-150 kW.

Flexible, multitaking, powerful and top

110 Kw power TIER 4 F
56000 mm rotary head stroke

Drill rig Model Used for both small | productivity rate. Properly designed to 4 60000 daN puil

FRASTE Multidrill ML residential and large | fitted with the weltknown and tested Max rotar r'? dp 4 216m
MAX tertiary buildings FRASTE, automatic drill pipes loading CIaX ofa y jg Sgsg 9
system manipulator. amp rom 40 to mm
Weight between 8650 and 9000 Kg.
Provid imate drill . i 70 m in sand / clay
Vibrator drilling rovide an uttimate driting capacny Wit overburden technique
Used for both small | comparatively lowpower consumption. . . .
. head model RHV . ) : Drilling diameter: 220 mm

EuroDrill ) | residential and large | The modular design allows both a . . .

1500; RHV 2400 . - . . Wearfree pulling of the drill string

tertiary buildings compact as well as a weight saving . . »
DHV 24. solution Working in a noisesensitive area
' Additional equipmat available
Vibrator drilling The drives prpd_uce the maximum dl‘ll!ln Max. torque 14.5 kNm
head modet Used for both small | performance in interplay with the carrier
KLEMM } ) ) ) . . ) Max. speed 174rpm
Bohrtechnik KH39; KH62; reS|d_ent|aI gnq large | the hydra_ullc difter, the casing pipe and Internal diameter from 94 mm to 180 mm
KH9SK; KH12SK tertiary buildings the drill bit. KLEMM rotary heads are ve Mandril
KH14SK robust and have high power density anarnil, yes

Table6.8 cComparative table adrilling equipment competitors
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6.2 ldentified competitors for heat exchangers

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

- MuoviTech

- Wieland thermal solutions

- Jansen

- Haka Gerodr

- GEOTeCH Coaxial heat exchanger

Company name: MuoviTech

Muovilech

Company profile:

MuoviTech is the European leader in products for geothe
3w O B energy, with own factories in Sweden, Finland, Po
Netherlands, US and UK. Complete supplier of colle
manifold chambers, distribution pipes, casing pipes, va
fittings, and everything needed for installation until a K
pump / cooler.

Solution type/name:TurboCollector®

Description + picture

TurboCollector® is a patented pipe with fins ins
The finsprovide a more turbulent flow and extrg
more efficient energy than a pipe with a smo
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

1 5-10% faster payback time of the entire system

References:

T http://mwvww.muovitech.co.uk
I http://www.muovitech.com/?page=turbo2&show=1

Table6.9 ¢ MuoviTech Characterization of heat exchangers
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Company name: Wielan@hermalSolutions

wieland thermal solutions

Company profile

A part of the Wieland Group, Wieland Thermal Solutions
global leader that designs and produces enhanced su
tubes and heat exchangers. In particular, the company tiaxy
product groups: 1) enhanced surface tubes, 2) low fin
medium-high finned, and higiiinned tubes, 3) safety tube
and 4) finned tunes and coaxial heat exchangers. Additio
in manufacturing these products, they make use of
materials: aluminm, copper, coppenickel, steel, stainles
YR GAGF YAdzyo 2 AStlyRQa

conditioning and r&igeration, heating technologyMoreover
the company has a global presente with four production
(Germany, Portugal, U.S.A., and Chiaa)well as sales a
production on all continents.

Solution type/name:Vibration Heads GEWAsafe (cooper alloys); GEWgafe (stainless steel)

Description + picture

Safety tubes are used for economical and safe heat transfer
double wall tubes fetare defined leakage paths for the absolut
reliable separation of fluids. For your individual requirem
concerning fluid dynamics, we decide on the most suitable sy
structure. Our GEWAafe tubes are a reliable and safe choice
applications ach as the direct heating of drinking water using cri
fluids as in heating technology or for controlling the temperatur
sensitive chemical processes.

With the newly heat exchanger, the air/water hafater heat pump i
installed directly in the hetvater tank, ideally in the colder low
part. In the design of the heat exchanger, we have atta
importance to achieving optimum heat transfer with minimum us
material.

Applications:

Used for both small resghtial and large tertiary buildings

Performance and features:

- For safe heating of drinking water in heat pumps, heat recovery, heat transfer units, as we

transformer cooling

- With metallic heat transfer for chemical/petrochemical processes addstrial heat recovery

systems

- Double walled safety tubes with defined leakage gaps paths are a safe option for fluid sep
- Reduce material costs and fill levels with a more compact heat exchanger design.

- Development of highly efficient heat transferrfaces
- Heat transfer laboratory with precise testing equipment

30/09/2020
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References:

9 https://www.wieland-thermalsolutions.com/en/

T https://www.wieland-thermalsolutions.com/en/products/finned-tubes/safety-tubes

1 https://www.wieland-thermalsolutions.com/en/industries/heating-technology/efficient-
domestic-hot-water-heat-pump

Table6.10 ¢ Wieland Thermal Solution€haracterization ofieat exchangers
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Company name: Jansen

.JM'S EN Company profile

Jansen, a traditiomich company with its headquarters |
Configure to Inspire | operriet, Switzerland, develops designs, manufactures
markets precision steel tube and steel systems as we
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, JANS
corrugated pipe ground loops are much mc
efficient. The outer corrugations increase tl
surface area, while the inner corrugationsgduce
turbulence in the brine flow, which greatl
increases the energy transferred.

In addition, the optimized corrugation desic
increases the resilience and bendability of t
loop for safer and quicker installation.

The textured surface guarantees efficient seal
of the vertical borehole. The ground loop
delivered to site ready for installation, only tr
site welding remains to be done.

Applications:

Used for both small residential and large tertiary buildings

Performance and features:

1 PE 100 RC

9 Different versions

1 Highest performance

1 Heating Cooling (free cooling), Air conditioning, Hot water production, Saowvfrostfree
paved surfaces

Cost

Not available

References:

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

Table6.11 ¢ JANSENCharacterization of heat exchangers
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Company name: Haka Gerodur

Company profile:

! HakaGerodur

Leading manufacturer in the field of plasegtrusion.Haka
AG was established in 1932 in St. Gallen and later me
with Gerodur AG, Benken S8aka Gerodur manufactur
plastic products at three sites in Switzerland and Germ
for the areas of heating & sanitary, piping systems, prof
and geohermal systems.

Solution type/name:GEROtherm® Coaxial probes

Description + picture

The GEROtherm® Coaxial probe with a welded or threaded head ar - -
outer diameter of just 63 millimetres is a solution for small drilli
depths of up to 50 metres. Is easy to install and efficient. It is quic 3

and easy to connect the flow and return pipes of the coaxial probe v
the certified SAVE distributors.

Applications:

Small residential buildings

Performance and features:

1 The individual solution up tobmetres
1 Use neatsurface geothermal energy (soil heat or soil cold)
1 The heat is transported by a liquid heat carrier such as a water/glycol mix (brine).

Cost

Not available

References:

M http://www.hakagerodur.ch
1 http://www.hakagerodur.ch/upload/downloads/en/erdwaerme/DAV 15-xxxx EWS-
2113 Flyer EWS Bohrmeister en.pdf

Table6.12 ¢ Haka GerodurCharacterization of heat exchangers
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Company nameGEOTeCH Project

Company profile

GEOTeCH project aimed to stimulate and promote grs
utilization of renewable heating and cooling uginshallov

GE@T@CH geothermal GSHP systems through advancement of inno

drilling and ground heat exchanger technologies.

Solution type/name:Stainless Heat Exchangers

Description + picture

The GEOTeCH project has developed a Spiral coaxic
exchanger vih the following advantages:

- Improved thermal performance at laminar flov
allowing designs to be delivered using multif
shorter boreholes.

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

- Improved shortimescale response and enhatt
thermal storage capacity.

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

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

Applications:

Used for both small residential and large tertianilBings

Performance and features:

- Improved thermal performancat laminar flow

- Improved hydraulic performance and lower pump energy costs/emissions.
- Improved shorttimescale response and enhanced thermal storage capacity.
- Complete integration with the imovative dry augebased drilling technology.

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

Cost

il

References:

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

Table6.13 (GEOTeCHeat Exchanger€haracterization of heat exchangers
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COMPETITOR ANALY-SSIertical borehole heat exchanger

APPLICATIONS

GOMPANY PRODUCT Small Large tertiary PERFORMANCE FEATURES BORHOLE LENGH
residential build.
build.
Muovi Tech TurboCollector® X " Turbulent flow fc_Jr the energy Patentegl pipe with fins 200 m
extraction inside
Material: PE 100 RC
Resistance to crack
JANSEN vertex Turbulent flow for energy Corrugated pipe with I Gr?ﬁniéOODt
Jansen premium x « extraction; increased surface area; englsso m 1o
corrugated pipe Hgatlng; poolmg_(fre_ze m
vertical ground loop cooling); Air conditioning;
Hot water production; Snow
and frostfree paved stfaces
Material: PE 100 RC With integrated
HakaGerodur GER_Otherm® « Resistance to crack GEROther@ System 50 m
Coaxial probes modular system
components
. : Whit integrated spiral
GEOTeCH Project Spiral Coaxial heat X Material PE system: for centering the 10¢80m
Exchanger . L
inner tube, variability of flux
Table6.14 ¢cComparative table ofertical boreholeheat exchanger compiors
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6.3 ldentified competitors for heat pumps

For the heat pump solution developed within GEQVHI@roject, some identified competitors
are the following:

- Ciat

- ClimaVeneta

- Daikin

- Nibe

- Valllant

Company name: CIAT

— T — CIAT offers a wideange of products in the fields of

C’AT conditioning, heating, refrigeration and air handling

_ J provides expert guidance in sustainable solutions for com
air quality and energy optimisation

Solution type/name:GeoCIAT Access

Description + picture

Heating only heat pump integrating the G&woling and Domestic F
Water function as standard. GeoCIAT TM Access connects to vert
horizontal sensors or groundwater thanks to the intermediate ITEX .
exchanger.Designed for low energy houses, GEDOM Access integrat
all the components needed for the installation.lt can be connecte
emitters such as underfloor heating systems, comfort units (fan coil
DIVIO dynamic radiators) or radiators.

Applications:

For low energy houses

Performance and features:

- Heating capacity of 4.7 kW at-8fC 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 /0O Homecontrol protocol)
- Electronic expansion wad

- Very high COP (coefficient of performance) (4.13W 30/35°C)

Cost

References:

T http://www.ciat.com

Table6.15 ¢ CIAT Characterization of Heat Pump
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Company nameClima Veneta

Climaveneta, a European leader in HVYAC and HPAC v
L‘cuwmnh 8SI NBEQ SELISNASYOS:E Aa Ay

Climate Technoloaies energy efficient heating, ai,r conditioning’ and data ce
- O22tAy3 az2fdzixzya (Ko, impBw
the profitability of a building and do not contribute to
increase in CO2 levels. They are the 1st Eurc
manufacturer and the 5th world group in central
conditioning.

Solution type/name:BWR DHW2 0010121

Description + picture

Rewersible heat pump, total heat recovery, geothermal souf;@0 - 34,0
kW. The PRANA DHW2 heat pumps optimized for geothermal syster
reversible units for all year round operation in any operating mode: <
cycle (air conditioning, heating, domestiot water) as well as combin
cycle in total heat recovery (domestic hot water together with cool
Energy efficiency is highest during the summer cycle, when, thanks to t
recovery of the heat, the production of hot water is free. During
combined use, the DHW exchanger uses the temperature of the disc
gases to gets inside the accumulation sanitary water as high as 65° C.

ou"'“

Applications:

PRANA DHW?2 is used in residential, hotel and small sector buildings.

Performance and features:

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

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

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

Cost

References:

T http://www.climaveneta.can

1 http://www.climaveneta.com/Country/US/PraaiProducts/12/optimizecheatpumpsfor-
heating/geothermalreversibleheatpumpswith-total-heatrecoveryoptimizedfor-
heating/179/bwrdhw2-0011-0121.html

Table6.16 ¢ Clima éneta Characterization of Hed&ump
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Company namebAIKIN

I TAYlF@SYySGl T | 9dzNRLISFyYy €St §
' DA 'K’N experience, is in business for a purpose: to provide energy eff

heating, air conditioning and data center cooling solutions
enhance e@ NE 2y SQa O2YTF2NI I A YLNE
and do not contribute to an increase in CO2 levels. They are tl

European manufacturer and the 5th world group in central
conditioning.

Solution type/name:DAIKIN altherma

Description + miture

Low temperature heat pumjintegrated heating and hot water ut
in one system. Build to withstand most severe winter conditi
Custommade product for very low heat loads. Max capacity >
load > min capacity: partial load compressor will reglits frequenc 7 |
delivering the capacities required by the house, with high oper: & |

efficiencies. 2 ‘

Applications:

For new builds, as well as for leemergy houses

Performance and features:

- Liquid injection to avoid too high discharge temperatures wh&gh 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 ov
relevant temperature range.

- Factoy-mounted high efficiency circulating pump already qualifying for future regulations
(ErP2015)withan-8 Y SNH& f 1 06Sf 099L X ndHoO

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

Cost:

References:

M http://www.daikin.com
9 https://www.daikin.com/products/ac/lineup/heat pump/index.html

Table6.17 ¢ DAIKINCharacterization of Heat Pump
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Company name: NIBE

NIBE is a Global Group contributing to a more sustainable
/.\ NIBE with solutions for indoor climate and comfort, as well
N/ components and solutions for measuring, controlling,
electric heating. NIBE has over 60 years of expegieim
manufacturing products for both residential and commel
use. It all began in southern Sweden, in the provinc

Smaland. Today, NIBE has operations and sales of
continents.

Solution type/name:b L. 91 Cmonp

Description + picture

The NIBE RBH5 is one of a new generation of heat pumps, designe

supply heating and tap water needs in a eeffective, environmentall =
friendly way. The new NIBE F1345 is more flexible than ever and w

advanced control system it can be adapted to seveyatem solutions. Hi

to large scroll compressors. In systems with up to nine heat pumps an

a wide range of accessories e.g. for control of oil, gas, pellet fired or e

boilers, you find the full flexibility for your installation. NIBE F13¢

equipped with a multicolour display, multilingual support and sir

upgradable software via the built in USB port. NIBE F1345 is manufa —
in four sizes; these feature outputs of 24, 30, 40 and 60 kW.

Applications:

Commercial buildings with Higheat demands NIBE F1345 igg@und source heat pump for mu
occupancy buildings, industrial premises, churches and other buildings with a large heat demand.

Performance and features:

- High flow temperature (up to 65°G)means great installation flexikiy

- The heat pump consists of two units which contain less than 3 kg refrigerant per unit
- Scheduling (indoor comfort, hot water and ventilation)

- Docking possibilitg up to 540 kW in cascade

- A ground source heat pump

- High COR provides savings and stter payback times

Cost:

Can lower energy cost up to 80%

References:

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

Table6.18 ¢ NIBECharacterization of Heat Pump
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Company name: Vaillant

Founded in Remscheid 140 years ago, the Vaillant Group

./ o supplies innovative hot water, room heating and cod
Qg al an solutions to countries all over the world. Company deve
- high-efficiency products that save energy and cons

resources.

Solution type/name:Geo THERM

Description + picture

Heat pumps take up to 75 % of the required energy from the environr
Only25% of the energy has to be added in the form of electricity. It ext
energy using a geothermal probe or a ground collector and supplies
winter, passive cooling during summer plus hot water at all times. It ex
energy using a geothermafgbe or a ground collector and supplies hee
winter, passive cooling during summer plus hot water at all times. Th
an integrated hot water cylinder, likewise an auxiliary electric heater ¢
weathercompensating controller.

Applications:

U= in single, double, or mulfamily houses

Performance and features:

- Ground source

- Emissiorree

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

- Hot water cylinder, auxiliary electriehter and a weathecompensating controller

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

- The output range from 22kW supplies for miiimily houses, commercial properties and othg
buildings with up to 400mz floor space

Cost:

Simple higkvalue technology with low maintenance and a long service life

References:

9 https://www.vaillant.com
1 https://www.vaillant.com/whatwe-do/technologiesto-makepeoplefeel-good/howdifferent-
technologieswork/heat-pumps/index.en gb.html

Table6.19 ¢ Vaillant Chaacterization of Heat Pump
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COMPETITOR ANALYSIS - Dual source heat pump

APPLICATIONS POWER
PERFORMANCE/
ENERGY - COMPRESSOR/
COMPANY PRODUCT Small Large COP(coefficient of
SOURCE resident. | tertiary performance) Heating| Cooling REFRIGERANT
build. build. EER (Energy efficiency ratio)
X Heat pump integrating the Geq 4.7 KW Hermetic Scrb TOR
Ciat GeoCIAT Water / water | | o Cooling and Domestic Hot at 6.12kWat|  type Compressor
| - .

Access heat pump Water function as standard. o o Refrigerant
energy COPof4.1latosec | O/35°C | 0/35°C R410A
houses

Reversible heat pump; .
single cycle (air conditioning, Hermetic Scroll type
_ heating, domestic hot water) a Compressor equipped
Venet 00110121 Ground source X X (domestic hot water together|  kw 5- 34 kw heater and thermal
eneta i with cooling); protection
Significant increase in the
overall COP
Daikin X Low-capacity:

4-8kW range is

Low temperature hegump . . :
qu new Integrated heating and hot wat SqHIpEY En SG

DAIKIN builds, as o F compressor

h Ground source| o unit in one system 4-16 KW High-capacity:
EHIE e COP of up to 5.04 is reached g
for low- 11-16kW range is
EER of 3.37 . -
energy equipped with scroll
houses Ccompressors
) . Heating and tap water needs| 247 60 T\::Vgr;arr%(:ssg:s"
Nibe NI BEE F| Groundsource X COP of up to 4.65 at 0/35 °C|  kw p ,
Refrigerant
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R 407 CorR410C

Vaillant

GeoTHERM

Ground source

Evaporator with injection systel
for increased heat transfer;
Weather compesated energy

balance control;

Maximum flow temperature of

up to 62°C for domestic hot
water; Multistage Sound
l nsul ation (M
gui et d6 oper

COP of 4.2

61 46
kW

Refrigerant

R 407 C

Table6.20 ¢cComparative table of Heat Pump competitors
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7 Key success factefor GEO4CIVHIC solutions

Geothermal energy continues &xpand as it meets both electricanergy needs and heating

and cooling needs. However geothermathergy's deployment over thepast decade has
remained far below itpotential in Europe and well off thdlational Renewable Energy Action
Plan targetsNevertheless. EGEC has observed a clear renewed interest in geothermal energy
across Europein particubr for heat/cooling productin. Ths is emerging as a consolidated
drive in the key markets (thdletherlands, France, Germany), and by the emergence of new
marketsor the revitalisation of stable marketsuch as Poland, Belgium, Croatia and Greece.
The signals acros&urope egarding geothermal electricity are mixed and regulatory
uncertainty has to take the blamier the slowdown in dvelopments.

2017 2018
COUNTRY FINAL ENERG DERIVED FINAL ENERG DERIVED
TOTAL consumpTion  HEAT  TOTAL consumpTIOn 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 1242 63,5 60,7
GERMANY 100,4 85,1 153 106,6 85 21,6
NETHERLANC 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
TOTALEU 28| 8335 575,9 257,6 867,6 590,8 276,8

Table7.1 ¢ Heat consumption from geothermal energy in the countries of the Europeaonun 2017
and 208 (in ktoe) Source9 dzNh 6 &8 NI Q9 w

XXV https://www.eurobserver.org/category/2019/
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Figure7.1 Heat Consumption from heat geothermal energy in the countries of the European
Union®¥

Climate and Energy Action Plans and this applies to most of the Member States. Current market
dynamicsg leaving asideapplication of the 2018 Renewable Energy Directjequate 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 climateneutral continent by 2050, can only give the geothermal sector a boost.
The sector viewsthe Green Deal as an opening to fully exploit the potential of lgewhal
energy and support the technological development of its sectors.

2500 2032
2000

1500 1000
776,3 8335 8676

- addi

2016 2017 2018 2020 NREAP

Figure7.2 Comparison of the geothermal heat generation trend against the NREAP (National
Renewable Energy Action Plan) roadmap (o>
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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 costfective solution in extreme climates (after -gg@neration), 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 ohegvable electricity sources

and reducing energy consumption from conventional power sources for heating applications
[28].

The GEOA4CIVHIC project will contribute to meet the aforementioned major challenges by
advancing in the development of innovative geetimal heating and cooling technologies and
new wholesystem 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 drillingtechnology

Traditional and current Context

Several drilling methods are existing since years to install borehole heat exchangers into the
ground up to 100z 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 vibratiomotation heads displacing instead of removing the soil is also a
method used to install single, double U or coaxial heat exchangers out atplast

Innovative context

One of the methods developed within Che@$HPs also uses piling to pushag@l heat
exchangers in the ground. The method uses a newly developed rotary head with moderate
vibration power at low frequency and small amounts of watgected at the tip of the heat
exchangers to loosen the soil.

The drilling method used in Che&5SHPs substantially shortens installation time and hence the
drilling costs with 280 % in comparison with the standard methods (refer to an appendix with
the Cheap installation costs). Field tests and demonstrations in GB8&{Ps 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 powerhrationrotation

head, this drilling performance&an be achieved in all types of unconsolidated and even
consolidated soil. Such geological conditions are often present in cities that were gebartlly
along rivers where alluum is present The dryauger 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 vibratiootation method is the reduction of the rod/casing
friction. Much lesstorque 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 undergteu
Speed may also depend on the diameter and the drilling depth. These will be optimized during
the design phase.

ThyssenKrupp Infrastructuress partner of the GEO4CIVHIC consortismdevelopng a small

VibroDrill head that can be used inside buildifgs~v 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 iseamnpact in overall
dimensions (like lengthg A RG K ' yR KSAIKIGOXEZ Ay | aédnzmK3I 4SS
reduced hydraulic oil flow (to reduce the required kW of the power pack). With operating
frequencies of more than 100 Hz (>7000 bpm) it gitiifough nearly all soil conditions, even
conaete floors in rooms and cellars and underground parking garages as well as layers of clay,
gavel, sand and soft rock.

Furthermore, theyreduce the required flow of the flushing media (like water or air) to avoid
flooding and contaminating sites, espebjalwhen drilling inside historical buildings. Two
optionshave beerdeveloped:

i.  Drill with internal rods, looseng and clearing the soil with the-$haped drill bit whilst
pulling down the external tube of a coaxial heat exchanger that is fixed on thédoitlri
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 theag@al heat
exchanger.

ii.  Drill with external drill rods having a larger diameter arsihg a sacrificial drill bit. Insert
after drilling a steel or plastic eaxial 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 higldghts the differences between state of art drilling methods and the
GEOA4CIVHIC innovations

Rotary GEOTeCH technology Cheap-GSHPs Technology GEOA4CIVHIC Innovation
Water I/min 150-200 0 20-30 20-30
Vibration NO NO Moderate Heavy
. Hollow auger as HX installed and Externall tube as Internal drill rod ' Internal drill rod pulling Large drill and inser
Casing NO YES . A .
casing take auger out  casing and drill roc pull external tube external tuube tube

Tricone drill bits being Cutting head with teeth and end-plat Part of heat  Drag bit chevron t

Drill bit . X New drilling bit to loose
reused options exchanger tip loose
Hole diameter 130-180 63-125 50-80 80-150
Drilling head Standard Cutting head with teeth and end-plat Developed in Cheap-GSHPs GEOA4CIVHIC innovation
State of Art Conventional Improved/unconvenctional Improved/unconvenctional Innovative
Patents Standard 'Estandar' Extension of ong.mal patent in Can use the extended patent
preparation
Heat exchanger Single U, Double U,Coa>  Spiral coaxial/ smooth tube plastic Coaxial steel Second generation coaxial steel or plasti
Grouting Always Yes NO Through drill rod Through drill rod Always

Table7.2 ¢ Differences between current & innovative drilling methods and GEO4CIVHIC innovations

To fully exploit thenew rotationvibration drilling head, HYDR#other partner of GEO4CIVHIC
consortiumis 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, 8 sraahine

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 exchangegechnology

Traditional and current Context

The GEOA4CIVHIC 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, namidlg vertical Uloop system. The dbop, also known

as a closed loop system consists of piping installed in a borehole drilled in the earth through
which a heattransfer fluid circulates. Through pipework the vertical loop is connected to the
heat pump. Tk circulating heat transfer fluid does not come in direct contact with the earth.
Closedoop 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 sraightforward Uloop, or double toop systems, still dominates the market. They are
usually made of PE18®, having a diameter/wall thickness ratio of 11 (SDR11), and their
pressure class is usually PNEallowing, indicative geometric configurations aaslerage
properties are shown in th&able below[29].

Components Parameters Specifications
- Borehole depth: 80 m
Borehole - Borehole distance: 6 m
- Drill-hole diameters: 121 mm, 165 mm and 180 mm
BHE configurations - Pipe type: Doubld)

- Pipe shank sgang: 70 mm

U-Pipe - Pipe outer diameter: 32 mm
- Pipe wall thickness: 3 mm
- Volumetric water content: 31%
Grouts , .
BHE properties - Grouting density: 1.8 g/cfn
U-Pipe - Pipe thermal conductivity: 0.42 W/m/K
. . Heat carrier |- Fluid density: 1.11 g/c?n
Fluid properties fluid - Fluid volumetric thermal capacity: 3.8 MJAK

Table7.3 ¢ Geometric configurations and material properties for the BHE

Innovative context andsEO4CIVHIC Innovation

Caaxial heat exchangers out of stainlessel with their lower borehole resistance extract 40

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 80mm has shown in simulations a yield increase of, 138 % 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¢ 150 mm without impacting much on instdilen speed and possibly depth.

An optimization exercise and cost/benefit analysis taking into account the afmevtioned
parametershasled to the best solution, which may even depend on the stié dutcome of

xxvi polyethylenePipeof Minimum Required Strength (MRS) equivalent to 10 MRaccordance with 1IS02162
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running projects (i.e. internally insulated tube and helicoidally shaped vanes from GEOTeCH
and CheagGSHPs; plastics with higher thermal conductivity and use of Phase Change Materials
from GEOCOND and TESSEZ2b) will be integrated in then desigd 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 witxiab heat
exchangers. Net, a higher thermal perforncann the order of 2€80% over the performance of
R2dzo0f S ! Qa ¢gAftt 0S I OKASOSR YR RSY2YyaiN} GdSR«

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 ot use renewable energy and cannot provide cooling (direct expansiaroaditioners

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 bestdated
buildings (internal heat gains), demand for comfort and climate chargat 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 oémiat 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, compaegsy to install HVAC plants of low capacity (BW).

Such heat pumps are not readily available on the market due to the lack of appropriate
components, mainly compressors. The available space icaityesand the lower efficiencies

may limit the use @-to-water heat pumps especially in multser buildings.

Innovative context and GEOQ4CIVHIC Innovation

Therefore, GEO4CIVH&levelopngasmald AT S IS2 G KSNY I f K&t il &Xzv L)
The machine of modular desige very compact, equipped witlon board control devices,

pumps, buffer tanks for Domestic Hot Water and for the heating/cooling system if required.

The systemis easy to install and connect to the distribution systems for terminals and SHW
without the need for additional pumps and caot devices. The layous beingdesigned for

easy maintenance and accessibility to the components.

Two versions with respectively invertdriven and ON/OFF compressor will be tested in the
field to define the one with the best performance factors. T8o&ution may be applied in single
family houses as well as decentralized solutions in raplirtment buildings. Heat pumps
operating at medium/high temperatures (5¢ 70 °C) with good yields is another topic in
renovations to avoid costly replacement dadiators (or not feasible in historic buildings for
conservation reasons). Heat pumps using lowessure refrigerants (like R134a) do not have
good yields since the compressors on the market are not optimized for these working
conditions. A twestep heat mmp using C®as one of the refrigerants was developed and
tested in CheafisSHPgproject. The machine iseing improved further based on the learnings
from the demonstration case in Che&$SHPSs, in particular the control strategy optimization.
This secondyeneration machinehas 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 agdound) 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
operatedandanalysedn GallettQ ldeat pump resegch centre,which has beemlso a demo site

in GEOTeCHroject The second generation of these pumpave improved controls. Finally,

the heat pump concepts, dual source and high temperatare combined in a solubn to
reduce installation costs (less geothermal demand, hence less drilling costs) and to achieve
good performances at high temperature.

74{2F06I NS YR (22t ayYy .dzAf RAy3a SyS

Qurrent Context

One of the barriers to a wide application geothermal plants is the lack of trust and
knowledge of consumers and policy makf36]. Geothermal systems are complex and require
specific knowledge and the involvement of several disciplines far design and the
implementation Decision Support Systes (DSSgan simplify the implementation ahhelp
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
saurces. 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 welmanaged operation is necessary to realize the benefit§fef@nt control
strategies vary the final performance of a system significantlysandrt algorithms can ensure
optimal performance of complex systems with multiple renewablerses.

Innovative context and GEOQ4CIVHIC Innovation

The GEOA4CIVHIC objectiverénis aboutthe 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 solutiole maximize the efficiency of

such shallow gettermal plants, other RESe included; control strategieare developed in an
integrated Building Energy Management System (BEMS). The BEMS cesmprigdleware

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 addon will be the drillability guideand the development of a Smartphone/tablet
application for the preliminary drilling feasibility assessment in the field by-exgert users

Such a holistic DSS with a us@endly web access is not publicly available to our knowledge.

The DSS will identify the feasibility (both technical andneenic) 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 appnegititesthe engineering costs with up to 10 %.

An Applicationis being developedto allow the user (drillers, owners, designers) on site to
complete a preliminary evaluatioof the feasibility of the GSHP system in that specific
underground. The smart mme/tablet based applications 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 shischapteris to develop appropriate
business models (BMs) that will allow a widepbbyment 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 descrimin 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 d suitable distribution channels, and the identification of key activities,
partnerships and resources.

In this section,fourteen Business Models are defineds preliminary exploitable results
developed within GEO4CIVHif®ject. Consortium partners haveontributed to determine the
following initial business models based on the Business Model Canvas appregatoviding
fundamental information

Due to unparalleledCOVIR9 measures in Europe, it was impossiblec#ory outthe planned
face to face busines workslep with the involved partnersDespite of that, several online
meeting havetaken placewith the most relevant partners in order to extract some vital
information about the preliminary business innovations of the project.

8.1 Methodology

In this repot, business model canvas has been used for business modelaiame products to
represents the business model solutions and gets a good picture of the business Wodel.
business model can be described by looking at a set of nine building blocks toggetda
picture of the business model that should be described with nine blocks ;

1. Customer SegmentsGroups of customeswith different characteristics

2. Value Proposition :The bundles of products and services that satisfty the customers
asS3ySyidaQ ySSRa

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 hHrough which we earn our revenues from the

customers for value creating and customer facing activities.

Key ResourcesThe keyresources on which the business model is built.

7. Key Activities :The most important activities performed to implement the busee
model.

8. Key Partners The partners and suppliers we work with.

9. Cost Structure The costs that incur to run the business model.

o

Given that this report is the first version of the market and business innovdherpreliminary
business modebnly for the different technologies developed in the projastpresented The
second version of the documemtill take into account thecontinuous surveillance on both i)
development and testing of the technologies amdmarket developmentA specific andin
depth analysiswill be performed forthe 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
intereds. The service system map is importas it presents the all main roles of actors in a
visualway to provide a completepicture of the integratedsolution. The second version of this
report will goback to those two complementary analydater.

8.2 Busines models- stand-alone products

Consortium partners agreed on performing different business modelslfbrpreliminary
exploitable results, because their development have reached high TRL levels which make the
results as products and/or services pretty @oto the market, hence almost readfpr
commercialiation.

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-atand
products/senices For thisreason different business models are necessary to bring therte
market as separate products/services which target different customer segments for different
applications.

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

1. Versatile, compact drilling rig for pilling with vibratiootation drilling head

Semiautomatic feeder for drilling rods and @xial tubes mounting

Modular design of a vibratory hammer drill

Dual sourcéneat pump for high temperatures

Coaxial plastic pipe with advanced materials

Improved metallic coaxial borehole heat exchangers

Shallow ground heat exchangers obtained by means of the adaptation of the well points

system

Efficient ceaxial heat exchangeof pilling vibrationrotation heat (HYDRRED Method)

9. Efficient ceaxial heat exchanger for compact vibratiostation drilling head and drill bit
(TKI Method)

10.We accessible decision support tool for shallow geothermal in building retrofits

11.Integrated contol for BMS programming

12.Application for supporting in situ workers on geothermal field

13.Application for easy management of energy

14.Interface tool to asseghie impact of GHESs in close proximity

NogahkwnN

oo
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8.2.1 Versatile, compact drilling rig for pilling with vibratiomotation drilling
head

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

_

VALUE PROPOSITION

. CUSTOMER
KEY ACTIVITIES » Robust and customizable RELATIONSHIP

« Integrated solutions for

Certification for selling. A -
drilling installation HX

Manufacturing design. Direct contact with

Construction of the + Separation of the power customers
machinery. pack from the machine
9) Testing the machine. « Suitable for urban 050
{ environmental =
KEY PARTNERS - Multiple degrees of 7 CUSTOMER SEGMENTS
freedom
HYDRA KEY RESOURCES - Not restricted by CHANNELS Drilling companies
TKI, Red, Geoserv, . and/or installer
groundwater protection . X .
Geogreen Technology laws Exhibitions Engineering companies
Knowledge Dedicated website (Subcontractors)
. . Energy services
Energy associations companies.
for ground energy Municipalities 1o
Ly
| |
@ COST STRUCTURE REVENUE STREAM
Certification cost Sales of the product
Marketing cost Training services
Manufacturing cost Maintenance
Periodic maintenance of equipment Customization
Replacement cost of components Periodic maintenance
&
Figure8.1 Business model canva€ompact drilling rig

VALUE PROPOSITION

The value proposition providean innovative drillrig, based onits suitability for urban
environment that permits woriag in reduced space The drilling equipment ae was added
in terms of:

- Robust, ompact 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 andastallation of heat exchangers.

- Skills requirement for operatives is limited.

- Improved safety and working conditions.

CUSTOMER SEGMENTS

Business modetargets mainly drilling companies engineering and energy companies as
customer segments to provide g 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 websitel exhibitions to offer drilling equipment solution in

the market. Some marketing and dissemination activities like custa®meronstrationdays and
articles in specialized media can support to engage the solution with customer segment as
channels.

KEY ATQIVITIES

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 partneran the consortium are HYRRand involved partners are TKI, RED, GEOSERV and
GEOGREEN. Partners out the consortiara 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 costlliigdequipment,
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 nesymponents
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8.2.2 Semtautomatic feeder for drilling rods and caxial 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)

VALUE PROPOSITION
KEY ACTIVITIES @ . Compatible with different Rgf:;gwgﬁlp
kinds of machines.
Certification for selling. ) ;
Manufacturing Design. « Powerful magnetic device. Direct contact with
Construction of the * Innovative magnetic customers
machinery. Testing the source
3 9) product « Enhanced personal 050
| safety. =
KEY PARTNERS . Reduction of operators 7 CUSTOMER SEGMENTS
* Reduction in drilling time. - .
HYDRA KEY RESOURCES 9 CHANNELS Drilling companies
and/or installer
. Engineering companies
Technology Exhibitions
Knowledge Dedicated website. (ESchontraCtors)
o nergy services
Energy associations companies.
for ground energy oy
Ly
‘ |
@ COST STRUCTURE REVENUE STREAM
Certification cost Sal§§ of the pmducl
Marketi + Training services
arketing cos Maintenance
Manufacturing cost o
L . . Customization
Periodic maintenance of equipment L ;
Replacement cost of tools Periodic maintenance
P
b
©
Figure8.2 Business model canvgSemiautomatic feeder for drilling rods

VALUE PROPOSITION

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

- Compatibiity with different kinds of drilling machines
- Innovative and powerful magnetic device

- Enhanced personal safety

- Reduction othe number of operators

- Reduction in drilling time activities

CUSTOMER SEGMENTS

Business modetargets mainly for drilling compaies, 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 busicessact 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 mediancsupport 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 machamery
related testing.

KEY PARTNERS

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

KEY RESOURCES

Implementing these technologies needs comprehensive knowledge whihk main resource
to offer innovative drilling technology based solutson

COST STRUCTURE

Cost structure of this business model is based on manufacturing cost of drilling equipment,
marketing cost, certification cost, periodic maintenance cost and replacemest 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 tle unbalance shafts with regard to changes in frequency and eccentric moment with
constant centrifugal force and constant hydraulic input parametérse unbalanced shafts are
designed so that the frequency and the eccentric moment can be changed in fiwst 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 noegssary.

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

_

VALUE PROPOSITION

CUSTOMER

KEY ACTIVITIES ’ - Flexibility in using it in all RELATIONSHIP

L . geological conditions.
Certification for selling.

Manufacturing Design « Constant input parameters.

Direct contact with

Construction of the = Constant centrifugal force. customers
machinery. Testing the * Quick and easy change of
machine .
@ vibrator frequency. O 6 Q)

« High penetration in different
KEY PARTNERS geological conditions CUSTOMER SEGMENTS

« Faster tan current drifters

TKI KEY RESOURCES CHANNELS Drilling companies
and/or installer
Technology Exhibitions gl?grclziilrggtc;‘:gpames
Energy associations Knowledge Dedicated website. Energy services
for ground energy companies.
'01
L
‘ J
@ COST STRUCTURE REVENUE STREAM
Certification cost Sales of the product
Marketing cost Training services
Manufacturing cost Maintenance
Periodic maintenance of equipment Customization
Replacementcost of tools Periodic maintenance
b
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Figure8.3 Business model canvgblodular design of a vibratory hammer drill
VALUBPROPOSITION

The value proposition provides module of a vibratory hammer dritbasedon changes in
frequency and eccentric moment with constant centrifugal force and constant hydraulic input
parameters that permithat the frequency and the eccentric momiecan be changed in just a
few steps The semautomatic 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 penetratiorin 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 vdue 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 equipsoértton in

the market. Some marketing and dissemioatiactivities like custometemonstrationdays and
articles in specialized media can support to engage the solution with customer segment as
channels.

KEY ACTIVITIES

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

KEY PARTNERS

The key partnein the consorium isTKI Partners out the consattm 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 ttg 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 egrwi@intenance services,
customisation activities, replacement revenue of new components.
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8.2.4 Dual source heat pump for high temperatures

VALUE PROPOSITION
KEY ACTIVITIES @ + Dual source heat pump for Rgll_-":'ljl-grf:quEElP
high temperature
Certification for selling. . X
Manufacturing of heat pump * Easy installation Direct contact with
Testing the machine (Plug&Play) customers
Marketing activities + Ecologicalrefrigerant Customer's forum
3) + Multifuncionality (heating, Dedicated website 059,
| cooling) =
KEY PARTNERS CUSTOMER SEGMENTS
GALLETTI KEY RESOURCES CHANNELS Engineering companies
(Subcontractors)
Technology Consultants and installers E;;l’g;”?:g\ces
Energy associations Knowledge Specialists in geothermal Building sector
for ground energy solutions
Exhibitions/conferences, o0
workshops, blogs,
Ly
| |
@ COST STRUCTURE REVENUE STREAM
Certification cost Sales of the product
Marketing cost Training services
Manufacturing cost Maintenance
Periodic maintenance of equipment Extension warranty
Replacement cost of components Periodic maintenance
<
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Figure8.4 Business model canvaBual source heat pump for highrhperatures

VALUE PROPOSITION

The value proposition providesdual source heat pumpased onits multi functionality and
adaptabilitythat allowsthe deliveryof both high and low temperatures. The heat pumplue
was added in terms of:

- Dual source heatymp for high temperature
- Easy installation (Plug & Play)

- Ecological refrigerant

- Reversiblgheating, cooling)

CUSTOMER SEGMENTS

The lusiness moddiargetsmainly engineering and energy companies as customer segments to
provideadaptable heat pumgquipmert.

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 exhihgtido offer heat pump equipment
solution in the market. Some marketing and dissemination activities like customer
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demonstrationdays 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 pim@p and
related testing of the technology.

KEY PARTNERS

The key partner in the consortium GALLETTIPartners out the consortium are commercial
energycompanies and energy associations.

KEY RESOURCES

Implementing ths technologyneeds comprehensive knowledge which is main resource to offer
innovativeheat pumptechnology based solution.

COST STRKTURE

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

REVENUE STREAMS

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

New Coaxial pipe made of high/low conductivity plastic matermgsigned for installation s
one of the GEO4CIVHITheinner ppe made of low conductivity plastic material. The objective
is obtaininga cheaper pipe, easier for transport (due to low weight) with thermal properties
similar to steel coaxial pipes.

Figure8.5 Business model canvg€oaxial plastic pipom advanced materials
VALUE PROPOSITION

The value proposition provides a coaxial plastic pipe based on advanced materials that permits
to improve thermal conductivity. The coaxiahglic 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 fengineering and energy companies as customer
segments to provideoaxial 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 esiness to business contact with end users.

CHANNELS
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