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Publishable summary

Deliverable D6.4 is a public document delivered in the context of WP6, task 6.3, a risk assess-
ment for the use and installation of the innovative systems developed as part of the
GEOA4CIVHIC project.

The deliverable comprises a number of parts that include a Multi Criteria Decision Analysis
(MCDA) tool and a risk assessment matrix. This report provides an overview of the work carried
out for the development of the MCDA tool aimed at non-technical stakeholders and the devel-
opment of the risk assessment matrix. The tool provides an initial screening methodology to
define the applicability of the project technologies to certain retrofit scenarios and relates
these to the risk assessment carried out in the second part of the task.
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Introduction

The implementation of the GEO4CIVHIC project technologies has been considered in this deliv-
erable in the context of the potential for developing a generic risk assessment methodology for
non-technical stakeholders seeking to understand the viability of the technologies developed
by the project in the context of different retrofit scenarios. The methodology assesses the via-
bility of the application of the project innovations along with other additional measures in the
case of retrofitting measures applied to existing or historical buildings.

The implementation of this task was considered following the review of the work completed in
the other project work packages, where the applicability of the GEO4CIVHIC technologies in the
retrofit scenarios was assessed. Table 1 below summarises the input data to this task and
shows the basis for the development of the MCDA methodology and the development of the
risk recommendations matrix completed in the second part of the task.

Table 1 — Information considered in the development of the task

Task Deliverable Relevant Information

T1.1 D1.1 Identification of the barriers to the implementation of the project technolo-
gies in deep renovation

I

D1.2 Drillability information for the project case study sites
T1.3 D1.3 Energy demand for different levels of renovation and building typologies
D2.1 Vertical geothermal heat exchangers and drilling equipment - overview
T2.2 D2.2 Details of the compact rotation-vibration drill head for urban areas
T2.3 D2.3 Compact drilling machine for urban areas
D2.4 Coaxial Heat exchanger performance
T3.1 D3.1 Review of heat pump technologies available on the market
T4.1 D4.1 Proposed solutions for the integration of the GEO4CIVHIC technologies to
historical and existing buildings based on D1.1 barriers
D5.3 Virtual case and real case preliminary design information
6.1.1 D6.1 Regulatory aspects of building retrofit and GSHP system installation and op-
eration

EIA and Risk Assessment methodologies applied to the case study sites

D6.3 Interference of BHEs and neighbouring systems and the implementation of
regulations or best practices in the context of the case study locations

27/05/2020 6
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The task has focussed on the outcomes of the deliverables outlined in table 1, in order to de-
velop and early assessment methodology for retrofit projects aimed at supporting decision
making for non-technical stakeholders and demonstrating the applicability of the project tech-
nologies to such projects.

The objective of the task has been to consider the initial assessment of a number of key criteria
highlighted as part of deliverable D1.3 and D4.1 of the project as critical in to building refur-
bishment where the GEO4CIVHIC technologies could potentially be implemented.

A common set of criteria developed as part of the project has been assessed to complete this
task. The criteria specifically cover the following topics:

e Technical aspects relating to refurbishment of different building types;

e Technical aspects relating to the design and implementation of GSHP and hybrid heat
pumps;

e The environmental aspects of both the construction and long term operation of the
proposed technology solutions;

e The regulatory requirements that cover both retrofit and the GSHP aspects of a project.

The report provides a summary of the development of the MCDA tool as an initial screening
assessment for the GE4CIVHIC technologies and the development of the risk assessment matrix
and recommendation for the user. A presentation of the input criteria and the methodology
used to complete the MCDA is presented. Based on the outcomes of the assessment the Risk
Assessment Matrix and structure are also presented.

27/05/2020 7
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1 Multi Criteria Decision Assessment Tool

An MCDA tool has been developed as part of the deliverable to allow for initial screening and
assessment of the suitability of the project technologies based on a number of retrofit scenari-
os. The tool has been developed as an Excel spreadsheet to allow non-technical stakeholders
to obtain an overview of the suitability of the GEO4CIVHIC technologies developed for specific
building retrofit scenarios. The outcomes of the tool are an indication for the user as to the
type of system they might consider in advance of obtaining a detailed assessment and design
specific to their project.

The sections below describe the development of the tool, the applied methodology to define
the scenarios, the criteria considered and the outcome solutions.

1.1 MCDA Methodology

Extensive research was undertaken in the early parts of the task to identify the most suitable
MCDA methodology applicable in the case of the tool provided. MCDA has been applied widely
in various energy, sustainability and building refurbishment problems [5]. Most of the studies
concern large scale energy systems electricity systems community level heating system [5] and
renewable energy systems [8]. The criteria are mostly defined on a case specific basis, as there
is no standardized methodology or criteria set for evaluating energy sector problems.

Under the concept of a Multiple-Criteria Decision Analysis (MCDA), the principal aim is not to
discover a solution, but to construct or create something which is viewed as likely to help an
actor taking part in a decision process either to shape, argue, and/or transform her/his prefer-
ences, or to make a decision in conformity with his/her goals.

In generic terms, common decision making processes follow a set of steps of a decision making
process that are broadly summarised in Figl. To achieve the goal and objectives, choosing the
appropriate decision making method that fits the problem type is the first step. To select the
best method, different types of problems must be compared and the pros and cons of each
highlighted. In the second step, the requirements of a decision are defined based on expert’s
judgments or technical constraints. In the third step, goals must be clarified and the most im-
portant part is that goals must be considered positively, in this case that a ground source heat
pump and drilling solution can be applied to a retrofit project. The forth step is defining alter-
natives. Alternatives are the methods that change the preliminary condition into preferred
condition [7].

Define the Determine the Establish the Identify
Problem Requirements Goals Alternatives

Select the Develop
Apply the Tool Decision Evaluation
Making Tool Criteria

Obtain the
Answer

Figure 1 - Decision Making Process
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The alternative that best suits the goals, can then be selected by evaluating the different alter-
natives against a set of criteria. These are presented and discussed in the following sections
based on the work completed in other parts of the project. The objective of the criteria, is to
help to differentiate among alternatives and select the most relevant solutions based on deci-
sion maker’s preferences or based on a technical assessment.

The objective of the methodology developed was therefore to compile a series of ‘problems’,
which in this case were defined as different retrofit scenarios, consider these against a set of
different ‘criteria’ and propose a set of ‘alternatives’ defined in this case as the combinations of
the project solutions in a simple outranking matrix.

It is important at this point to consider the type of data used in the criteria and understand how
a weighting scale can be applied to these. This process allow for a combination of both quanti-
tative and qualitative data by applying a normalisation scale and facilitating the final scores and
more accurate decisions.

A number of decision making methods for different types of problems were assessed as part of
the task in order to define the most appropriate one to the problem and to the qualitative solu-
tion to be obtained. These decision making methods were deemed critical in defining the initial
screening tool outcomes used by a non-technical user, prior to them obtaining a more detailed
technical assessment.

The following methods were reviewed: Analytic Hierarchy Process (AHP), Elimination et Choix
Traduisant La Réalité (ELECTRE) and PROMOTHEE [3]. The AHP method is based on pairwise
comparison, whilst PROMETHEE and ELECTRE are outranking methods.

The decision criteria tool built as part of the task was developed as an Excel workbook and
based on the PROMETHEE method. PROMOTHEE method has five main steps: in the first step,
a preference function showing the preference of the decision maker for an action or criteria (in
this case the criteria defined by the tool) with regards to other criteria is defined. The second
step compares the suggested alternative with the preference function.

As a third step, the outcomes of these comparisons are presented in an evaluation matrix as
the estimated value of every criterion for every alternative. The ranking is realised in the two
final steps where a ranking of alternatives is provided based on the end user decision.

As the data for this particular assessment required the use of both quantitative and qualitative
criteria (refer to section 1.1.2 below), a weighting structure was applied in order to facilitate
normalising of the ranking. Figure 2 shows a basic representation of the workflow applied as
part of this methodology.

27/05/2020 9
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Normalization

Weighting

Figure 2 - GEO4CIVHIC MCDA project workflow

The following sections present the criteria, the scenarios and the outcome solutions of the
MCDA.

1.1.1 The Retrofit Scenarios

Three retrofit scenarios are defined as part of this task in line with those presented in D1.3 and
D4.1 of the project.

1.1.1.1 Scenario 1 — Historical Buildings

The Historical Buildings scenario considers those historical buildings where the possible level of
retrofit corresponds to a minimal intervention on the fabric of the building. This category is the
most appropriate in the case of listed buildings where cultural heritage aspects and preserva-
tion of building aspects (both internal and external) must be preserved. In the context of local
building regulations and the transposition of the EPBD, this category coincides with those build-
ings that are usually exempt from these regulations with respect to their cultural status and
where retrofit to the building fabric is deemed not to achieve a cost optimal performance level
[4] as defined in the local regulations.

1.1.1.2 Scenario 2 — Medium to Low Retrofit

The medium to low retrofit scenario is considered in the case of those buildings where preser-
vation of part of the building elements is applicable. In this case, only a partial retrofit interven-
tion may be possible to allow for the building to achieve the highest energy efficiency and the
reduced energy demand. An example of this could be the consideration that external aspects
(opaque elements) of a building (irrespective of these being historical or not) are subject to
preservation such as the external facades, roof or glazing, whilst other exterior structural ele-
ments and the internal parts of the building can be subject to deeper retrofit.

This scenario represents a middle case of intervention between the restrictions applicable to
historical buildings in scenario 1 and the extensive intervention measures applied in deep retro-
fit settings. The buildings in the medium to low category are those where renovations are
planned and that comply with the ‘Existing Buildings’ category as defined in the EPBD [4] for

27/05/2020 10
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non-domestic buildings where the cost optimal level of renovation performance requirements
are less than 25% of the surface area of the building envelope as defined in the local building
regulations and where specific performance of building elements (roofs, walls, floors, external
doors & windows) are specified in the context of material alterations or changes of use.

This case also covers buildings where local transitional regulations from the final implementa-
tion of the EPBD may be applicable prior to the 30™ of December 2020. Retrofit buildings in
this category are expected to achieve the required BER rating specified in the local regulations
for renovation works, comply the MPEPC and MPCPC and RER requirements imposed, without
necessarily having the possibility to implement all the Building Fabric and Building Service (in
the cases of non-domestic buildings) required in the regulations.

1.1.1.3 Scenario 3 - Deep Retrofit

The deep retrofit scenario considered in the tools is in line with the definition of the Major
Renovation works as defined in the EPBD [4], where more than 25 % of the surface of the build-
ing envelope undergoes renovation. The energy performance of the building or the renovated
part thereof is upgraded, in order to meet minimum energy performance requirements with a
view to achieving a cost optimal level, in so far as this is technically, functionally and economi-
cally feasible [4]. This is applicable to both domestic and non-domestic buildings, where exten-
sions, material alterations, material change of use or major renovations are being undertaken.

In this scenario the building undergoes extensive renovation with specific improvements fo-
cussed on the fabric of the building in line with the local building regulations to include:

e C(Cladding of the external surface elements with insulating materials;
e Drylining of internal surface element insulation;
e Replacement of windows; and

e Exposure of the basic structural components to allow for rebuilding and compliance of
all necessary performance requirements.

The focus of the retrofit measures in this scenario is for the implemented design to exceed the
MPEPC and MPCPC resulting in a significant increase in energy efficiency and a reduction of
energy consumption. This intervention typically allows such buildings to have a more flexible
(reduced) RER applied.

1.1.2 Criteria Selection

Seven criteria were selected based on the review of the deliverables completed in the earlier
parts of the project. The seven criteria are presented in the sections below. The basis for crite-
ria selection has been the data presented in the deliverables outlined in table 1 above.

1.1.2.1 Building Archetype

The building archetype criteria are aimed at allowing the user to define the type of building that
best describes the renovation project being considered. The selection is based on the building
archetypes defined in D1.3 of the project and are grouped into two categories:

27/05/2020 11
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e Historical Buildings (HB) — these are considered all buildings older than 1960 which are
considered of cultural importance (protected/listed or not)

e Existing buildings (EX) — these are all buildings younger than 1960 where retrofit is un-
dertaken

Two sub categories in each of the above with Single Detached Residential and Office/Apartment
Block are also provided in line with the archetypes defined in D1.3.

This criterion has been normalised, using a weighting distribution in each of the three scenario
based on a scale of 1 to 4, where 1 and 2 represent the historical building subclasses, and the
existing building sub-classes are represented by 3 and 4.

1.1.2.2 Thermal Envelope

This category includes three classifications aimed at allowing the user to select the final thermal
envelope specification that will be achieved following the building retrofit phase.

e Low — will apply to those buildings where minimal building fabric intervention is possi-
ble. This is potentially the case for all historical buildings with protected elements or of
high cultural importance and where insulation measures (internal or external) can most-
ly not be implemented;

e Medium — this addresses those buildings where only partial retrofit of the building fabric
is possible to comply with building regulations but not to achieve nZEB status;

e High — covers the best thermal envelope performance that can be achieved in line with
the nZEB standards set out in the local building regulations.

This criterion has been normalised using a weighting distribution in each scenario above based
on a scale of 1 to 3, that represents the low to high values respectively.

1.1.2.3 Installed Capacity - Load

The user is asked to select between ranges of installed capacities that best describe the energy
demand and load expected after the project. These are to be met using a heat pump solution
once the retrofit measures are complete. There are 7 subcategories in this criterion ranging
from 0 to 50kW in the first category to >1000kW in the last. Each of the subcategories are
weighted and normalised for each scenario based on a numerical scale applied to each subcat-
egory.

1.1.2.4 Drillability — Ground Conditions

The subcategories selected for this criterion were based on the work undertaken in T1.2 of the
project. A review of this work in the context of the other modelling and system design tools
was also considered. The more complex assessments provided through the project DSS and the
dedicated app, assumes that the user has some technical knowledge of GSHP systems and the
installation of GHEs. However, during the development of this tool, it was noted that non-
technical stakeholders using the MCDA method may not have such knowledge at an early as-
sessment stage.

27/05/2020 12
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For this reason, this criterion was also considered in the context of the ability of project drilling
technologies and their ability to successfully penetrate different subsurface conditions and a
simplified classification comprising three main categories was used. This includes:

e Hard Rock — this classification assumes that the ground conditions to a depth of up to
100m (the depth at which GHEs might be installed) is dominated by solid, competent
rock;

e Unconsolidated — this assumes that the ground conditions to a depth of up to 100m are
dominated by loose unconsolidated sediments (gravels, sand, clay, etc.);

e Unconsolidated & Hard Rock —assumes that the ground conditions to a depth of up to
100m (the depth at which GHEs might be installed) below a site are mixed, with the
presence of unconsolidated sediments close to the surface as well as solid, competent
rock at greater depths.

This criterion has been normalised using a weighting distribution in each scenario above based
on a scale of 1 to 3, that represents the hard rock to the unconsolidated and hard rock sub clas-
ses respectively.

1.1.2.5 Installed Capacity/Load to Outdoor Space

This criterion is calculated based on the user inputs to three parameters requested by the tool.
These include:

e Approximate Energy Demand Area
e Qutdoor Space Available
e Projected Installed Capacity

The ratio between the demand area and the outdoor space and separately that of the outdoor
space and the projected installed capacity are considered. The aim of the indices is to assess
the viability of implementing either of the two following solutions based on the user input:

a) a GSHP solution to meet the full energy demand (this can be conventional GSHP or a
high temperature option).

b) the need to consider a dual source heat pump

The indices are calculated based on assuming the need for a minimum spacing of 8m between
BHEs in the outdoor space. The calculated index is weighted in each scenario and normalised
to facilitate scoring and selection of the final solution.

1.1.2.6 Land Use Setting

This criterion draws on the work of previous projects that have defining land zoning conditions
where different GSHP installations may be applicable. Such zones were first presented in the
REGEOCITIES project [2] and provide a basis for the setting of a planned retrofit or refurbish-
ment project.

A summary of this classification was also reviewed as part of D1.1. Subsequent recommenda-
tion regarding the urban, city centre and historical centres in the context of the deployment,
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operational interactions of GHEs and neighbouring systems were presented in D6.3. The devel-
opment of this criterion was therefore focussed on allowing the user to determine a land zones
for the project that is being considered with the MCDA tool based on the sub categories pro-
vided. The subcategories are chosen to allow the assessment of the following:

e Logistical difficulties associated with the access, drilling and installation of GHEs in city
centre locations;

e Difficulties that may be faced in the implementation of hybrid systems where both a ge-
othermal and the ASHP component need to be installed

e The long-term operational effects of GHEs in close proximity and potential environmen-
tal impacts.

The subcategories for the Land use criterion used in the MCDA tool are:
e Historical Centre
e Dense Urban
e Sparse Urban
e New Development
e Industrial Commercial Area

Each of the subclasses are weighted and normalised using a scale of 1 to 5 to reflect the order
listed above. The MCDA tool user is required to select from a drop down menu the category
that best reflects the project location that they are considering in the assessment.

1.1.2.7 Regulatory Requirements

This is the final criterion of the MCDA tool to be selected by the user. The classes selected
summarise the work undertaken as part of subtask 6.1.1 of the project and task 6.2, that com-
prehensively reviewed the permitting and regulatory requirements relating to both the retrofit
and refurbishment of buildings, as well as those regulations and licensing aspects related to the
implementation of the GSHP system.

Based on the review of the work undertaken and the target stakeholder groups that this tool is
aimed at, the following 3 sub classes have been developed for the user to best describe the
permitting requirements that might apply to the their project:

e Simple GSHP application — this may be applicable in the case where no major works are
implemented to the building. This permit is considered to be applicable only for the
GSHP element of the project, and is issued in a relatively short timeline.

e Planning/Construction Specific Permits — where more extensive refurbishment works are
applicable and are subject to construction permits (this may or may not include the HP
element of the project). This type of permit is considered more lengthy and complex to
obtain with more extensive timelines.

e Conservation permits, planning/construction permits & GSHP permit — this permit cate-
gory reflects the retrofit intervention in historical buildings where extensive consulta-

27/05/2020 14



GEOA4CIVHIC D6.4 “Common MCDA Methodology & Risk Assessment of individual case study sites”

tion and multiple permits need to be secured. These are considered to require long
timelines prior to approval.

Each of the subclasses are weighted and normalised using a scale of 1 to 3 to reflect the order
listed above and the user is required to select from a drop down menu the category that best
reflects the project location that they are considering in the assessment.

1.1.3 Scenario Weighting Matrix

Based on the criteria discussed above and considered as part of the MCDA methodology devel-
opment, a weighting matrix for each criteria was applied. Table 2 below summarises the matrix
applied as part of the MCDA tool.

Table 2 — MCDA Tool Criteria Weighting according to different scenarios

Installed
Capacity/
Installed Drillability Outdoor Land
% Weighting Building Thermal Capacity - Ground Space Use Regulatory
Archetype Envelope Range Conditions ratio Setting Requirements

Scenario

SCENARIO 1
Historical Building
SCENARIO 2
Med- Low Retrofit
SCENARIO 3

Deep Retrofit

1.1.4 Proposed Solutions

The proposed solutions or alternatives obtained from the MCDA methodology to test a project
proposed by the user are discussed below. These are split into two categories and provide a
summary of the applicability of the drilling and heat pump solutions developed by the
GEOACIVHIC project.

Drilling Solution — this category presents the possibilities in terms of drilling technologies appli-
cable to the case being tested. The solution compares the conventional drilling methods on the
market with the technologies developed by the project. The applicability of the following three
categories are assessed:

e Conventional Drilling — this includes the main drilling solutions (as reviewed in D1.2 of
the project) that are used for GHE installations (Down the Hole Hammer, Tricone, Rotary
etc). The category assumes that larger scale machinery to complete the drilling opera-
tions and implement the appropriate waste management methodologies are applicable.

e Hydra-RED — this category provides the user with the applicability of the Hydra-RED
method developed in the project (as described in D2.1 and D2.3). The solution is true
when unconsolidated ground conditions are selected by the user and assumes that
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stainless steel coaxial heat exchangers can be piled directly into the ground (with or
without grout). The use of compact, modular drilling equipment with minimal footprint
is considered.

Hydra-TKI — this category provides the user with the applicability of the Hydra-TKI meth-
ods developed in the project (as described in D2.1 and D2.2). The solution is true when
hard rock or a combination of unconsolidated ground and hard rock conditions are se-
lected by the user and assumes that stainless steel coaxial heat exchangers can be with
grout. The use of compact, modular drilling equipment with minimal footprint is con-
sidered.

Heat Pump (HP) Solution — this category applicability of the heat pump technologies both avail-

able on the market as well as the new heat pumps developed as part of the project. The ap-
plicability of the following three categories are assessed:

Conventional GSHP — this includes heat pumps as described in D3.1 of the project that
can deliver hot water and low temperature heating up to 55°C (On-Off, Inverter, Multi-
function and new generation plug-and-play GSHP solutions from the Galletti group).
This solution in the MCDA tool is favoured in the cases where the thermal envelope of
the building is significantly improved in the retrofit process.

Galletti Dual Source Heat Pump — this category refers to the dual source heat pump de-
veloped as part of the project that integrates an ASHP and a GSHP in a single unit. The
Dual Source unit alternates both systems when meeting the energy demand based on
the outdoor air and ground conditions. This unit is particularly suited to retrofit scenar-
ios where space restrictions are applicable.

Galletti High Temperature Heat Pump — this category refers to the single source high
temperature heat pump developed as part of the project that delivers hot water at 60°C
to 70°C. This unit is particularly suited to historical buildings scenarios where limited or
no intervention on the fabric of the building or the terminals is possible.

The results of the proposed solutions provide the user with a gualitative assessment of the
technologies reviewed. The results provided are in no way a substitute for a specific site as-
sessment or design for a retrofit project that need to be undertaken by specialist technical ex-

perts. The MCDA solutions provide the user with an indicative assessment of which technolo-
gies may be more suitable to help better understand the technical requirement for the next
steps of a project.

The qualitative solutions are provided in three specific categories:

Preferred Solution — this is deemed the preferred solution based on the inputs provided;

Second Solutions - this solution may be possible subject to further assessment and inves-
tigation by a technical expert;

Not Suitable - this solution is deemed not suitable based on the inputs provided.
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1.2 MCDA Tool

The MCDA tool has been developed as an Excel workbook and has been made available to the
end user as part of the public status of the deliverable.

The workbook allows the user to provide some basic information on the project they are con-
sidering based on a limited number of selections for the criteria discussed above.

1.2.1 Unser Interface

Figure 3 below presents an example of the MCDA tool interface and shows the locations of the
inputs required by the user highlighted in the green cells.

In the ‘Initial User Questions’ section, the user is required to input three numeric values relating
to the energy demand area of the building, which is being assessed for retrofitting, the outdoor
space available around the building and finally the estimated installed capacity of the final sys-
tem.

The user then need to specify the type of retrofit scenario that best describes the project they
are considering and provide input to the seven criteria discussed in the earlier sections of the
report. All these inputs are provided as a drop down list.

WPE - MCDA Non-Technical Stakeholder Tool Date  04/05/2020 Rev H AR 4}{\/& N
GEQJ4 l[l IVHIC
USER Interface
ion Guide
Initial User Questions to be completed Approx. Energy Demand Area (m?) 260 The salutions provided by the tool are of a qualitative nature and intended for the user as an
2 | initial screening tool to assess the suitability of the GEG4CIVHIC technologies to potential
Outdoor Space (m”) 300 refurbishment scenarios. The results are NOT a substitute for a detailed and quantitative
Projected Installed Capacity 15 assessment. The users should consider a site specific assessment both for the building

i , the drilling and. heat pump aspects most suited to their specific case.

TYPE OF RENOVATION - Scenario

CRITERIA

Building Archetype (HB- Historical Building or EX- Existing Building)

Thermal Envelope after Refurbishment
Installed Capacity Range
Drillability - Ground Conditions

SCENARIO 1 - (Historical Building)

Proposed Solutions

Historical Building - Replacement

HB Single Detached Residential
Medium

DRILLING SOLUTION

Conventional Drilling

Not Suitable

Hydra-RED

Not Suitable

Hydra-TKI

Preferred Option

0 to 50kW
Hard Rock

HP SOLUTION

Conventional GSHP

Not Suitable

Galletti Dual Source

Preferred Option

Galletti HT HP Second Option

Historical Centre
Simple GSHP Application

Land Use Setting
Regulatory Requirements

Figure 3 - Worked example of the GEO4CIVHIC MCDA tool and user interface

The alternatives (solutions) for both the drilling and heat pumps categories are provided in the
final table based on the ranking discussed above.

1.2.2 DSS Integration

The MCDA tool has been developed in conjunction with the work being implemented in WP4 of
the project relating to the DSS. The current MCDA tool is proposed to act as an initial assess-
ment step of the DSS and focussed for non-technical users.

The current version of the MCDA is being integrated to the main DSS interface. However, work
will continue on the integration process beyond the submission of the D6.3 deadline, to ensure
that in particular the MCDA criteria used are in line with the DSS structure and background pro-
ject information. This may imply that some criteria and their associated categories will need to
be revised to facilitate this integration.
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2 Risk Recommendations Matrix

The second part of task 6.3 has focussed on undertaking an outline risk assessment of the retro-
fit scenarios considered as part of the task in the context of the criteria described in the above
MCDA tool. The objective of this risk matrix is to provide the non-technical stakeholder with a
set of recommendations based on the assessment for the implementation of the project tech-
nologies.

The methodology is based on the risk assessment matrix developed as part of the Cheap-GSHPs
project [6] and has taken into consideration the risk assessment work being done as part of
T6.1.2 on the outline EIA for the GEO4CIVHIC real case study sites. The work of the outline EIA
considers the construction and operational aspects of the project technologies at the real case
study sites.

The matrix developed as part of this task, provides initial recommendations based on the risk
assessment outcomes for case study sites of the project for the three retrofit scenarios that a
non-technical stakeholder would be considering when using the MCDA tool. The recommenda-
tions focus on the potential requirements for the implementation of the project technologies.

The matrix is linked to the structure of the MCDA tool and allows the user of the tool to obtain
recommendations that will facilitate the implementation of the required next steps of the pro-
ject based on the outcomes of the risk assessment in the project case study sites and the pro-
ject technologies at the project technologies deployed. The structure for each scenario, there-
fore, reflects that of the tool, where recommendations are made on the individual criteria (in
some cases these are common to both residential and multi occupancy buildings such as office
and apartment blocks), as well as for the individual solutions identified that may be most appli-
cable to that scenario.

The completed matrix and associated recommendations are also being integrated into the DSS
as an added output to the MCDA tool outcomes. The matrix is currently provided as an inde-
pendent Excel spreadsheet for ease of reference.

The sections below present the individual recommendation tables for each scenario, however,
the reader is invited to use the Excel version of this matrix for ease of reference

2.1 Scenario 1 - Historical Buildings

Based on the case study site risk assessment works carried out during GEO4CIVHIC on the im-
plementation of the project technologies in historical buildings, table 3 presents a summary of
the recommendations made for the key criteria and solutions that may be applicable.

2.2 Scenario 2 — Medium to Low Retrofit

Table 4 presents a summary of the recommendations made for the key criteria and solutions
that may be applicable in the case of the implementation of retrofit measures in medium to low
retrofit scenarios. It is important that these recommendations be considered in line with local
building regulations, where guidelines on performance requirements of the final building as
well as the building fabric elements to be retrofit are specified. The building regulations in the
area specific to the proposed project should be consulted and a set of intervention measures
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based on the characteristics of the building, the implications of any restriction (of cultural herit-
age or other) be determined. These may include the integration of different RE technologies
and partial building fabric element upgrades to achieve the necessary regulation standards.

2.3 Scenario 3 — Deep Retrofit

The deep retrofit case recommendations are focussed on the experiences from the implemen-
tation of the project technologies in a deep retrofit scenario. The retrofit measures to be con-
sidered by the user are defined in the local building regulations covering the Energy Perfor-
mance of Buildings for the ‘major renovations’ category. Table 5 summarises some of the rec-
ommendations focussed on the implementation of the project technologies.
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Table 3 — Risk Recommendations Matrix for the integration of GEO4CIVHIC technologies to historical buildings

| Building Type

Load/Installed
Capacity

Outdoor Space

Thermal Envelope
After Refurbishment

Ground Conditions
(Drillability)

Meighbouring Systems
({Land Usa}

Regulatory
Requirements

Possible Solutions

ZINGLE DETACHED
REZIDENTIAL

OFFICE-APARTMENT
BLOCK

27/05/2020

The hizkarizal building
category considercd in thiz
caze comprises any building

alder than the 19607 of
culburalthizkarizal heritage.

The building should be
congidered in the contexk of
it'z historical character but
alzoin the caze wherzitiz o

listed building.
In both the residential and
multi occupancy caze [office
or apartment), the building
elements considered of
cultural and higterical value
need ko be carefully
understood by the project
developer and the designer in
arder ke determine the level
of retrofit intervention
possible.

“whilzt it may be possible ko
integrats one of the
GEOQ4CIVHIC project
solutions, the viability of
building Fabric retrofit
[inzulatien and gluzing] 3=
well 2 the replucement of
heating & cooling terminalz
need to be considered.

A sucsesziul design needs te
conzider all the above
azpects in the definition of 2
detailed encrgy demand
prefile and allow For the
seleckion of the most suiked
salution.

The load and encrgy demand
profile for historical
buildings iz criticalin
underskanding the possible
ground source heat pump or
hybrid combinations
thatcould be implemented. &
detailed energy demand
profile should be completed
based on the building fabric
characterizticz and the heat
lozzes from the building
structure. Larger loads
[15K%) may need to be met
using hybrid solutions, The
specific GEOSCIVHIC Heat
pump solution For 3 historical
residential building may
require the delivery of high
temperabures (5500 b
existing kerminals wth no
possibility for upgrade to
|t bemperaturs berminalz.

The avsilability of cutdoer space
far a residential historical
Building needs ba be considered
in the context of the planned load
and energy demand For the
Building. Itiz likely that where a
GEHP zalukions iz Favoured an
adequate amount of space to
enzure the long term system
performance will be required. The
available space iz impartant in the
context of the spacing and the
calleckor degign 2 a function of
the energy demand load and
inztalled capacity of the system.
The accessibility of plant
cquipment and machinery to allew
the inztallation of GHE: iz
important and where 3 dusl
saurce syskem is required,
additienal space ke allew for the
combined GEHP and AZHP unit
will b required.

‘whichewer of the project
technelogics are selected,
adequate plank room space ko
secomodate the Heat pump and
ancillary equipment is required.

The thermal Envelops of the
Building after the completion
of any refurbishment warks is
the main hsy Facter
determining the GEHP
zolutions applicable to s
histarical building. In the caze
of 3 rezidential setting, it iv
imporkant that accurate heat
les caleulstions are
performed ta determine the
paak energy demand running
profile and the terminal
defivery temperatures
required. Where passible the
duzign shauld conzider th
possibility of reducing the
energy demand (in particular
peak demand) by improving
thermal slements of the
Building such 2z reduction of
ait tighthess, impravements
of glazing or added glaing,
inzulation of attic spaces or
internal wallz whers thiz iz
passible.

To mect the energy demands
oF apartment and office
blocks, it map be the case that
where larger leads are
required in mare confined
urbsn zektings, the heating
and cooling loads may have
to be met uzing @ hybrid
system with AZHPz and 2
GEHP combined. Carzful
dezign of this type of system
and in particular oF the
potential for upgrade of
delivery berminalz needs ko be
considered in conjunction
with ather energy demand
reducing meazures o the
Building Fabriz.

It iz imporkant that in the carly
Fhazes of the project, the
availability of plant ream
space For bhe bechnical
clements of the systems
including the HP, the
requirements for high
temperaturs Buffer vezsels,
pumps and main internal
terminal pipewerk] be
determined and an adequate
zalution thak zuits 3 communal
distribution system should be
identified. Swhere cutdeor
plant equipment iz planned
[ASHP hybrid) or whers 3
ground source collectar iz to
be installed, the entry of the
outdoor pipework into the
Building b the bechnizal raom
needs to be planned and
accommodated. This should
Facilitake the dezign and

The development of 2 GEHP
syztem in the context of the
refurbizhment of 2 multipls
sccupancy historical buildings
such 32 an sparkment black ar
office, is expected to require a
mere significant area te
sccommadate 3 ground heat
exchanger than that of smaller
residential systems. Inthis case,
detailed energy demand profile
needs bo be modelled with the
known ground conditions over
the operational life of the system,
Thiz will determine the EHE
spacing and everall zpace and
configuration requirements of the
barehole field. The presences f
neighbouring spstems and uzers
will alze affeck the size of the
GHE that can be completed.
“w'here insufficient area For
implementing 3 GHE with = high
temrepatrus heat pump solution is
identificd, the retrafit desing of
the system shoud| Focus on
zplitting the demand load uzing
different bechnalogics whilst
maximizing the potentisl Far
space heating and DH%' with 2
HTHF 2z much 2z pessible.

The refurbizhmenk potential
far apartment black and
affice buildings should
akkempk bo maximize the
implementation of cnergy
efficiency measures within the
boundaries of the needs for
prezervation and
conzervation of the histarical
azpeckz. The requirements
under preservation orders of
buildings azpects and
elements need to be
sstublizhed by 5 specializt
architect in the early stages of
the prejest. where littl:
petential for refurbishment
exizbz and the thermal
envelope of the building
<annek be meaningFully
improved [through increased
inzulakicn, 2ir kightness and
glazing] the use of 3 high
temperaturs heat pump may
b the anly technalogy For
canzideratian. Thiz will allow
for a renewable alternative to
fazsil ful fired high
temperature heating systems
that are camman in hiztoric
buildings, with 2 ground
senrce heat pump alkernative,
The Feazibility of
refurbizhment meazures and
their impact on reduced
cnergy demand after retrofit
need bo be establizhed Firstin
the early stage of the project
and uzed to determine the
likely cnergy demand profile
to be uzed to specify the

The detailed azsessment of
the ground conditions
sxpected at a particular site
should be undertaken at the
carly design phase of the
preject. & kechnical
specialist [geologist,
geascientist, geothermal
expert, engineer) will have to
<omplets an azsezsment of
the greund conditions to
determine the Following key
properties: 1) the type of
underground conditions
present below 3 site - these
will need b Focus firstly on
the presence of cither
cansolidated or
unconsolidated sediments [in
same cazes bath will apply] in
order bo determing the most
zuitable drilling method ke be
uszed. 2] the thermal
Properties of the
underground sediments will
have ko be uged ko define the
required botal length of
Borchole heat exchanger
needed in for the system.
Finally ] the hydrogeclagical
charackeristics [presence of
aquifers, and groundwater
Flow conditions] will need to
be determined.

The above information will be
necezsary ko determine the
Fallowing hey aspects of the
project: 3] the tatal length of
ground heat cxchanger
needed For the demand of the
building, b] the selection of
the adequate drilling
methodalogy to be
implemented bazed on the
land uze setting and zpace
available at the site 2 well 2z
<] understanding the long
rerm subsurface condikionz
resulting from the operational
phase of the system,
“where GHE sre planned in
urban areaz, it will be critizal
that the presence of ather
wunderground infrastructurs
fincluding
archesolagizal.thiztarical
remains) arc checked through
«xizting infermation or new
survey methe dz.

The planning and design of 3
GEHP or o hybrid heat pump
system requirs the proximity
to ather GEHP uzerzto be
known. BHE: requirement Far
residential systems are low
[up b 2 or & probes), the
lacation of neighbouring
properties, other historical
buwildings and other heat
pump users will impact both
the construction and
completion phases of the
system as well s the
eperation and leng term
ground tempersture profile.
The urban setting of the
system therefore necds to be
conzidered, In historical and
wrban centre areas, there are
greater challenges in the
mobilization of equipment
faveuring the mere compact
GED4CIVHIC drilling
zalutionz, The strick
implementation of an
envirenmental management

plan including the handling of

water and drilling Fluids 22
well 2 rack cuttings will be
critical % mara challenging te
implement. I the caze of
Bath rezidential and multi
accupancy settings, the
praimity of Euildings with
regard b the drilling related
vibration and safs operation
of cquipment needs ta be
canzidersd and low impact
strakegics such a2 thase
affered by the stainless steel
heat exchangers using the
Hydra RED mathad ar the THI
miethads need ko be
conzidersd. The
planned operatianal profile of
the heat cxchangar will need
to consider the sffect of lang
term graund bemperaturs on

Ensure that all regulatory
requirements and permizsions
are abtained. Permizzion for
histarical buildings may
require not just permits For
the GEHP clement of the
project and planning
permissions [building
permits], but may also
require approval in the
cantext of conzervation and
preservation of any building
aspects. It iz important to
canzult 3 specializt [architect
and mechanical electrical
designer) at the early stages
of the project ko understand
the requirements,
consulbation with any relevant
authorities will also be
required.

The requlatory requirements
outlined above in the context
of hiztarical buildings sheuld
be abzerved. Where multiple
occupancylownership of
higtarical buildings is
applicable additionsl
agreementslapprovals may be
required by different
stakehalders for the works
planned. It iz important for
the designenlpreject manager
ta check if any monitoring
requirements are applicable
and if thiz iz the caze, an
adequats syztem Far lang
term monitoring should be
conzsidered,

the buildings structures and
ather nearby GEHP systems,
& detiled dezign shauld be
underkaken in ol land use
suktings with xtended Facus
n highsr dangity arsaz.
il the impact of the
drilling and inztallation works
of the GEHP and hybrid
technalegiss is likely to b
e risk, 3 detailed
manitoring plan for the
aperational phaz of the
building hould be undertaken
whers mulki borehole
callectars are plned. This
should Facus an the vibration
and pragimity of ather
Buildings and hizterical
shruckures,

The req for specific
permitz, or the presentation
of any El studies For large
GHE ayatem shaudl be
checked and the appropriate
autharities cansulted

19

GEHP

DRILLING SOLUTIONS

Conventional Drilling
Methods are very
comman and include
DOITH, Frotary and
tricane methods, In
mozk cases these cither
require high plant
cquipment Footprint or
more complex fluid and
solidz management
systems and extended
installation times. Al
of these tend to be less

B Hydra
suited for ctn.cdurban o
enviranments an Hpdra TKI

histarical centres.
“where percussive
drillgin metheds are
considered [eopecially
where uzing
complressed air)
adequats skand off
dizckances from
buildings and
skruckures may Further
restrict the eperational
foctprint and GHE
possibilitics.

The uze conwentional
heat pumps delivering
up to 55°C in heating
made, iz more limited in
the caze of historical
Building refurbishment.
It can mestly be
considered where a
significant improvement
it the thermal cnvelope
af the building can be

achicved and where Galletti
adequate terminalz can Dzl
beinstalled. Thiz type | Somrce

of heat pump ic
considered to less
suitable in the caze of
histarical buildings
where reductions in
energy demand and
energy sfficiency
meagures are
considerably more
challenging to
implement.

The Hpdra-FED & TKI methads is 2 comprehensive salation for uzing
significantly smaller Footprint drilling squipment combined with
innarvative stainless steel couxial heat cxchangers, The Hydra-RED
mathad allows th heat axchanger to b inzarted (piled] inte the

i iments. Thiz zigifi

ly reduces the waske

management requirements and the drilling and installation me For sach
prabe. “here hard rock iz present, the Hpdra TKI method provides the
zam benafits, The tachnalagy is ideally suited For rastricted access

and congested urban centres .

Itiz important that o detailed subsurface

azzezsment b completed priot ko selscting thiz method.

4 dual source heat pump
can includs 2 GHEP and 2
waker ko waker unit or 3
hybrid GEHP and AZHP
system, bo mect the cnergy
demand loads of 2
hiztarical syztem. In
confined urban settings,
thiz might be a preferred
eption az it may nok be
possible bo sakisfy the load
entirely uzing u GEHP in
sites where space
restrictions apply. The
design of the dusl zource
syztem needs to make all
the considerations outlined
with respect to GEHEP 2z
cutlined in thiz matriz, but 2
comprehensive study by 3
technical expert should be
undertaken to defing the
positioning and integration
of the autdaar AEHP
elements with the histarical
building aspect. A detailed
skruckural azsessment may
be required iz supporting
frames need to provided.

Gallerei
HTHP

The high temperature heat
pump iz 3 likely to be
preferred solution particularly
with thewe buildings where lietls
ar ma refurbishment
interventions are passible. This
will be the cage for lizted
Buildings and th se whers the
internal elements (including the
terminals) cannat be modi
The HTHP offers the posasibility
of delivering T0°C water to
sxisting high temparaturs
terminals and For OHY!
raquirements. |k iz impartant b
nate that HTHP typically have
lewar COFZ ta mars
conventional type systems. The
Froject manager and installer
need to give specific attention
ta the sleckrical requirsmentz of
the unit snd the available
poser zource in the buildings
which may need upgrading. The
uzs of 3 HTHP may ales need te
b considered with other
peaking technalagics if
temperature or energy demand
leads cannat be mat by 3 zingls
system . A dedicated
menitoring and BME system
which allaws mare accurate
demand cantral thraugh the HP
iz critical in thiz caze.
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Table 4 — Risk Recommendations Matrix for the integration of GEO4CIVHIC technologies in medium to low retrofit scenarios

Building Type

Load/Installed
Capacity

Qutdoar Space

Thermal Envelope Ground Conditions  Meighbouring Systems Regulatory
After Refurbishment (Drillability) {Land Use) Requirements

Possible Solutions

Medium/Low Retrofit

EXIETING ZINGLE
DETACHED RESIDENTIAL

EXISTING OFFICE-
APARTMENT BLOCK

The medium o low retrafit
categorny is Focussed on those
existing buildings [typically
built after the 1360=) thers may
b partial historical elements
requiring preservation. These
buildings assums that seme
lewel of retrofit can be achicved
unlike thase in the historical
building category where
greater restriction may apply.
In thiz cate gory building that
may have b be partially
preserved [eg Facades) or
distinctive histarical structural
elementz of the building but
that allow a retrofit intervention
to bring the exizting building
within the local building=
requlations delaing with the
transpositing of the EPED,
without necessarily having the
ability to achieve full nZEE

shatuz.,

The loads assumed in the
context of cxisting buildings
where medium to low retrafit
ar likely to be similar ko thase
considered For historical
Buildings. The enargy demand
profilez and in particular the
peak demand For space heating
and <ooling are likely o be
strongly dependent on the
potential for implementing
ather energy efficiency
meazurez that help in
transitioning From high
temperature system bo lowsr
anes. The designer needs ko
consider that in the case of
rezidential buildings of thiz
nature, the ability ko meet the
cnergy demand uzing 3 GSHP
zystem will potentially require 3
cansiderable amount of space.
Where high peak demands are
applicable, the uze of hybrid
technalogies and systems
should b considered.

Out Oukdoor space requirement far
mediumilow rezidential retrofits
using GHEP = are likely to require
the completion of several borchales
to meet the demand, The space
available at the site needz to be
conzidered in context of
neighbouring systems and in unban
settings, where restricted outdoor
space iz available, the possibility of
using hybrid heat pumps will require
the possibility of sdequate
substructures to be conskructed to
achieve this.

Peledium ta Low retrofit
zcenarios imply that only partial
ratrafit meazures can be
achiered be 2 building, thuz
limiting the final reduction in
energy consumption that could
b achicvable if more in depth
retrofit measures were
possible. Where this is the
<aze, the design generally zuckz
to maximise energy efficicncy
measures and reduce heat lozs
in the building Fabric. Ina
residential setting it may be
possible bo conzider insulation
a0f some of the element [attic,
flacrs and internal wallz) and
impraved glazing in line with
the preformancs requirments
2et out in the local regulations.

The installed capacity of multi
sceupancy buildings exposed
o medium or low retrofit
levels, may be significantly
higher than these with deep
retrafit potential. The design of
the system should consider the
installed capacity requirements
and canzider where
appropriate the use of hybrid
systems and multiple
technologics in order to satisfy
the RE requriements 7t out in
lecal building requlationz. In
particulsr the ability to upgrade
terminals with lower
temperature solutions shoudl
be taken into consideration and
whrere passible and partial
loads satisficd using lower
temepratruc technalogies.

The availability of outdear space
For larger office or spartment
Blacks iz critical at determining the
viability and implementation of any
GEHP options. ‘Where restricked
access to outdaor spaces for
drilling operations is present, the
GEQ4CIVHIC drilling technologies
may be the only solutions poszible
for the completion of 3 GEHP
system. At the early design stage,
the temperature snd peak demand
profilez of the of the mulei
aceupancy buildings should be
determined and any available
sutdoor space considered For
installing BHEz. ‘Where the outdaor
space bo indoor demand ares
requirement iz too high, the uze of
autdoor areas should be maximized
to uze GHE For cooling and space
heating, with the uze of a dual
source system to provide the
balance of the demand. The
dezinger will alzo have to give
careful consideration to any space
requriements For techneial plant
room elements [these can be larger
where zeveral technalagies are
used] and ko the potential For
ugrading centralized heating and
cooling mains distribution systems.

In larger medium to low retrofit
projects, the thermal envelope
of the building clements could
be significantly improved
through inkernal inzulation
meazures of walls and floors
and where possible windows.
The thermal envelope achizved
should Favur the possibility of
replacing primary high
temperature heating systems
and the azzcaciated
diztribution pipewark with
lower temperature heat pumps.
Thiz will alzo require the
upgrading of berminals that
could potentially reduce the
level of demand required.
“whilsk any historical characker
of the building should be
preserved, in larger buildings
the passibility of achicving
close to nZEE retrofit
standards should be achicved.
The use of energy efficient
glazing, internal inzulstion and
increnzed air tightness
meazures shauld be maximized
az much az the building Fabric
allows in line with the local
requlations that are spplicable
where nok major renovation are
being undertsken,

The detailed azzessment of the
ground conditions expected at
a particular site should be
undertaken at the sarly design
phaze of the project. A
technical spesialist [geologist,
geoscientist, gecthermal
cxpert, engineer) will have ko
complete an assessment of the
ground conditions to determing
the Following key propertics: 1)
the type of underground
conditions present below 3 site
- these will need to facus Firstly
o the prezence of gither
conzolidated or

unconsolidated sediments (in
some cases both will apply] in
order to determine the most
suitable drilling method to be
used. 2] the thermal properties
of the underground sediments
will have to be uzed to define
the required tatal length of
borchole heat exchanger
needed in for the syztem,
Finally 3] the hydrogeclogical
charackeristics [presence of
aquifers, and groundwater Ao
conditions) will need to be
determined.

The above information will be
necessary to determine the
Following key aspects of the
project: a] the tokal length of
ground heat cxchanger needed
for the demand of the building,
b) the selection of the adequate
drilling methadolagy to be
implemented bazed on the land
use setting and space available
3t the site 3z well 35 <)
understanding the long term
subsurface conditions resulting
from the operational phase of
the system. where
GHE arz planned in urban areas,
it will be critical that the
prezence of other underground
infrastructure [including
archeaclagical.thistorical
remainz) are checked through
exizting information o new
survey methe ds,

The proximity of ather ground
source systems should be
considered in the case of
residential and multi occupancy
medium o low retrofit
projectz, The configuration of
the BHE and the long term
operational ground
temperatures of these can be
influence by the proximity of
ather GEHP users. The
prosimity of systems is likely to
b more important whers
systems are located in densely
populated urban areas, The
interaction and performance of
the syztem needs ta allaw For
sufficient spacing between GHE
clememts, where space [or
adequate distances between
probes) cannot be abserved,
alternatives such az dual source
system may have to be
conzidered. The
rilling and completion works
far BHEs should be considered
in the carly stages of the
rekrafit 50 as ko facilitate
access requirements to the site.

The undertaking of a retrafit
praject will require the
wneriproject manager to
comply will all local regulatory
requirements. Theze may
includ obtaining planning
permizzion for the propesed
changes o the building
clements. In the case of low to
medium rebrofits, the dezign
team should enzure that both
the requirement of the local
building regulations [in the
implementation of the EPEDY)
are met, but also that any
historical building elementz
[prezervation arders on certain
building lements] are
conzidered at the early project
stages. Where histarical
clements of 3 building need to
considered in the context of
refurbizhment, it iz eritical that
specialist advice [conservation
architect) be conziderad to
determine the compliance of
any medium b low retrofit
measures in advance of secking
final permizsicn.

Inthe caze of larger zcale
systems For office or apartment
buildings, the regualtiosn
around the permitting,
installation and menitering of 3
GHSP syztem shoudl be knovw
and adequate expertise sought
to comply with any permit and
regulatory requirements.

Consvestional

Cosrentional
GEHP

Conventional Drilling
Mathods are very
commen and include
DTH, Fiotary and tricone
methods. In most cases
these sither require high
plant cquipment
footprint or mare
complex fluid and solids
management systems and
wxtended inztallation
timez. Al of these tend
to be less suited For
denze urban
environments and
historical centres. ‘where
percuzzive drillgin
methods are considered
[especially where uzing
complrezsed air)
adequate stand off
disctances from
buildings and structures
may further restrict the
aperational Foatprint
and GHE pozzibilities.

The use conventional
heat pumps delivering up
to 55°C in heating mode
will be limited in medium
ta low retrofit zcenarios
only where the thermal
snvelope of the building
<an be significantly
improved and where heat
lazs can be minimized.
The lower temperature
HP will alzex require an
upgrads ko kerminalz in
many of the building
2ones ko deliver heating
and cocling. The type of
hest pump is conzidersd
to be potentially less
suitable in the case of
hiztarical buildings
where only partial
retrofit meazures (ot to
nZEE standard) can be
implemented.

Conversely it may be
applicable where high
thermal envelopes can be
achicved in the retrafit
and air tightness can be
imporved.

Hydra RED?
Hydra TEI

Galletti
Dual Source

SOLUTION

The Hydra-RED % TKI methods iz a comprehensive salution for uzing
significantly smaller Footprint drilling equipment combined with innovative
stainlazs steel conxial heat exchangers. The Hydra-RED methad allows the
heat exchanger b be inserted (piled) inta the unconsolidated sediments.
This significantly reduces the waste management requirements and the
drilling and inztallation time For cach probe. Whers hard rack iz prasent, the
Hydra-TKI method provides the same benfitz. The technalogy is ideally

suited For restricted access and congested urban centres .

It iz important

that 3 detailed subsurface assessment be completed prior to selecting this

mithad.

A dual source heat pump <an
include 3 GHEP and 2 water
to water unit o 3 hybrid
GEHP and ASHP system, to
meet the energy demand
loads. Inthe caze of the
medium to low retrofit
scenrio this may be ideally
suited where medium to high
thermal envelopes can be
achizvad or in confined urban
sektings, this might be 3
preferred eption a it may
not be possible ko satisfy
the load entirely using 3
GEHP. The design of
the dual zource system needs
ko mak all the
congiderations outlined with
rezpect to GSHIP 2z
outlined in this matrix, but 2
comprehensive study by a
technical expert should be
undertaken to define the
positioning and integration
of the cutdoor ASHP
elementz with the hizkarical
building azpect. A detailed
structural assessment may be
required is supporting
frames need to provided.

Galletti
HTHP

HEAT PUMP SOLUTION

The high temp ersture heat pump
iz a likely to be 3 preferred
selution particularly with those
buildings where llow retrofit
seenrios may apply and where
limite:d building fabric
impravement works are possible,
The HT HP affer the possibility
of delivering TO'C water ko
exigting terminals and for hot
water requirements. It iz
impartant @ note that HTHP
typically have lower COPs to
more conventional type systems.
The project manager and installer
need b give specific attention to
the electrical requirements of the
units and the available power
source in the buildings which may
need upgrading. The use of o
HTHF in this scenric iz therefore
Favoured on Iy in the limited
cazes where only 3 low thermal
cnvelope can be achisved.
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Table 5 — Risk Recommendations Matrix for the integration of GEO4CIVHIC technologies in deep retrofit scenarios

D6.4 “Common MCDA Methodology & Risk Assessment of individual case study sites”

Building Type

Load/Installed
Capacity

Outdoor Space

Thermal Envelope
After Refurbishment

Ground Conditions
(Drillability}

Meighbouring Systems
({Land Use}

Regulatory
Requirements

Possible Solutions

Deep Retrofit DRILLING SOLUTIONS

EXISTING SINGLE
DETACHED
REZIDENTIAL

EXISTING OFFICE-
APARTMENT BLOCK

The buildings considered
under this category would
comprises mostly buildings
post 1950 where decp
retrofit meazures in line with
those of the local building
regulations for the major
refurbizhment of buildingz are
applicd. The
Deep retrofit case congiders
the application of significant
retrofit and energy
improvement measures ko 3
building. In both the cases of
the single residential and the
apartmentioffice block
buildings, the as sumption iz
Ehat the retrofit measures ko
be applied are in line with
nZEE building standards and
passive house skandardz, In
these ccenarios the designers
an project managers will aim
o retain only 3 minimal part
oF the original building
structure and maximise encrgy
efficency measures az part of
the proposed retrofit works.

# zingle rezidential building
that haz undergens decp
rekrafit iz likely to have very
lew energy demands with
limited peak demand profiles.
The latituds and climatic
canditions of the residential
Building Being cansidered will
define the requirements for
<aaling and heating, The load
will be mastly determined by
the peak demand profile.
here the energy demand is
to be mek uzing 3 GHEP
zyztem, this may be likely bo
réquirs 3 low numbser of BHE:
(in some cases a singl: HE
may be aufficisnt).

The cutdasr space requirement
for the installation of BHE: for
deep retrofit projects can be

significantly latwar than in the cass

of that of histarical buildings.
The reduced energy demand
typically requires 1 BHE to be
ingtalled, Itis liksly that with the
implementation of deep retrafit
measures, the presence of
favourable ground conditions

may b able te zatisfy 100% of the

of the heating and cooling lod in
residential applications.

The refurbizhment azpects of
4 deap retrofit project are
critical. The designer and
praject managsr [or architect]
will aim ke achisrs the nZEE
standurds a2 2ok sut in local
requlations. These strangly
facuz on the implementation
of high end insulition material
and mazimizing the building
fabric and opaque clim
uparadsz in ardar to mi
heat losses in the heating
zeazon. Heak guing in the
caaling will be minimised
thraugh mechanical
ventilation, shading and
alizing. Thermal medelling of
heat loads in the final design
iz critical to understanding
the final encrgy demand of the
residential Building.

Exizting buildings including
apartment blacks and offices
that underge decp retrofit are
likely o have low energy
demands with limited peak
demand profiles. The latituds
and climatic conditions necd
to be considered to define
the requirements far cocling
and heating. Itis important in
the carly design phases of the
system be identify the space
heating, hat waker and
cooling kemeprature profiles
required and if these may be
required simultancouzly te
determine the mast sdequate
technology selection,

The loads will be mostly
determined by the peak
demand profile. The load
capacity determination snd
technology selection should
consider mazimizing the
GEHP zalution where cooling
iz required and mazimi
potential for balanced
collactor loadz.

Available outdacr space in larger

muli eccupancy buildings zush as

aparkment blocks and offices iz
imparant in determining the heat
pump solution best suited to the
demand profile. The available
sutdasr space needs ko be
canzidered in the context of the
land use setting of the proposed
develepment [urban cenkre or
ather), the presence of ather
neighbouring systems and other
users, “whil 5t

decp retrafit projects are likely te

have lower space requirements 32
5 result of the increazed energy
efficiency measures included as
part of the retrefit, the available
space around [or below if
poszible] the Building should be
considered to allow Far the
development of GHE= ezpecially
where 3 cocling demand is
presant.

The implementation of deep
retrafit measures in multi
sxcupancy buildings including
aparkment blocks and offices
needz ba Fallaw loeal
requlation that transpose the
implementation of the EFED.
In the caze of commercial and
public buildings, the
completion of ngEE standard
buildings iz required 3= part
of thiz dezign. The
implementation of zeveral
cnergy efficicncy measures,
the uzed of specific buildings
makerialz, inzulakion and
glazing will be coupled with
other Eechnologies including
shading, machanical air
venkilubion ko increaze energy
«Fficiency and reduce demand.
& detailed thermal model of
the refurbizhed building
skruckure needs ko be
completed at carly project
design stage to understand
the heating and cocling
snergy requirements. The
demand abtained fram the
design shall determine the
sizing of the heat pump
solution For the project snd
the graund hest exchanger
needed ko satisFy this.

he detailed agsecsment of the
ground conditions expected
at 3 particular zite should be
undertaken at the carly design
phase of the project. . &
technical specialist
[geelogist, geoscientist,
geothermal expert, engineer]
will hawe b complete an
assezsment of the ground
conditions to determing the
Following key praperties: 1)
the bype of underground
conditions present below a
zite - these will need to facus
Firztly on the presence of
either consolidated or
unconsolidated sediments [in
some cazes both will spply] in
order bo deberming khe most
suitable drilling method ko be
used. 2] the thermal
propertics of the
underground sediments will
have ta be used bo define the
required tatal length of
barehols heat sxchangar
needed in For the zystem.
Finally 5] the hydrogealogical
characteristics [presence of
aquifers, and groundwster
Flow conditions] will need to
be determined.

The above information will be
neceszary ko determine the
Following key aspects of the
project: 3] the total length of
ground heat exchanger
needed For the demand of the
building, b the zelection of
the adequate drilling
methadalogy b be
implemented bazed on the
land use setting snd space
available at the site 20 well a5
<] understanding the long
term subsurface canditions
rezulting from the operational
phase of the system.

w'here GHE are planned in
wrban areaz, it will be critical
that the prezence of ather
underground infrastructure
[including

archeaclogical. thistorical
remainz) are checked through
cxisting information or new
survey methods.

The lind use zetting of =
around source heat pump
aystem and callectar
[residuntial or larger multi
accupancy building] will need
to be conzidered. “whilst
desp retrofit projects
typizally rezult in reduced
encrgy demands and smaller
installed GEHP capacitics, the
aperational setting of the
GHE in cantext of
neghbcuring zystem should
be conzidered. In dense
urban enironments,
challengss may present
themselves in the deplapment
af ground <ollectorz whers
ather GHSP systems are
prezent in clazs praximity,
where other subsurface uses

are kaking pluce (underground

infraztructure] and nearby
building struckuraz.

il ik can b azzumed that
these challenges are mest
likely 137 applicable in the
cags of amall s<als cellectar
like thoe For rezidential
syztems whers deep retrofits
have been undertaken, the
devalapmant of larger
collckor For apartment
Blocks and office buildings
may need ta considered in
much mars datail.

Wwhere GEHP zyztems are
platned cutsids of urban
aras, the construction phase
challengss far drilling plant
equipment are likely ko be
reduced, 3 well a5 the
potential for impact betwesn
neighbizuring syatems givsn
the bypically mare dispersed
nature of developments. The
project manager and designer
swill nasd b bake the
conztruction and operational
azpcts of the projects
during the planning phase and
adapt thezs b local
regulations and requirementz.

Fegulatory requirement For
deep retrofit project willin
mest cases require a planning
<anzent fram the local
suthoritiez. Ik map be
necessary for residential
GEHP syskem to register the
[=r obtain a permit] for the
installation of the GHE
elements, The
designeriproject manager
should Focus on enzuring that
all zuch permits are obkained
and that local guidance on the
drilling construction and
complation of GHE= are
Followed az well 2z an
requirements under the local
building regulations
<oncerning the retrofit
elements.

occupancy buildings such 2
offices and spartment block
will require necessary permits
in term of
planninglconstruction
parmizzions ko be sbtained.
In some local jurisdictions,
legislation and regulation
relating ko obtaining permit=
Far large or multi barchal:
heat exchangers for GHER s
will alze apply. Itiz critical
that any initizl dezign
[zpacing, lyout, sperational
profile and BHE construction
details] be appraved For
permiszion by any
rezponzible authoritizz in line:
with local regulations. The
Froject managertdesigner
needs ko consider that any
potential reztriction [dus ko
the presence of nearby
spstems of undergreund
uzerz ) may limit the potential
Far mesting the energy
demand from GHEPs. The
final dezign of the prepesed
retrofit project to include
detailed specification of
retrofit materialz and
solutions ag well az
specification of the rencwable
kechnalogy options ta be
uged needs bo been lime with
the regulations relating to the
EPED and submitted for

appraval at the planning
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Cenventional Drilling
Methods are very
<comman and includs
DTH, Rotary and
kricens methads. In
most cazes these either
require high plant
cquipment Factprint or
mors cemplex fiuid snd
solids management
systems and extended
installation times. All
of theze tend to be less
suited For dense urban
<nvironments and
historical centres.

The use of lower
temperature [35°C)
heat pump solutions
will bt the preferred
opticn for deep retrafit
buildings. This
technology provides
greater COP and
sensonal performance

[5FF).

Hydra
RED?
Hydra TKI

Galletti
Duwal
Fowrce

The Hydra-RED # TKI mathads is 2 comprehensive selution for uzing
significantly smaller Foctprint drilling equipment combined with
innawative stainlezs el conzial hest sxchangers, The Hydra-RED
methad allows the heat exchanger to be inserted (piled] into the
uncenzalidated sediments. Thiz significantly reduces the wazte
management requirements and the drilling and installation time For sach
probe. Where hard rock iz prezent, the Hydra-TE] method provides the
zame benefits. The technalagy is ideally suited for restricked access

and cangested urban centrez .

It iz impartant that 2 detailed subsurface

assessment be complebed prior b selecting this methad.

The dual zeurcs heat pump
provides a potential
zalution For the provision
oF renewable heating and
cocling solution in
challenging spaces where
liktle o e necess may be
possible for GHES. The
wze of thiz technelogy can
Facilitate in providing
bigher efficiency options
whrer heating and cooling
loads are prezent and
whrere zpace restrictions
are present..

Gallerti
HTHP

HEAT PUMP SOLUTION

The uge of a HTHP in 2 decp
retrafit setting will very
unlikely. The refurbizhment
meszures implemented shauld
have contributed at reducing
the energy demand
temperatures and promeoting
higher COP hest pump
solutions.
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Conclusion

The new GEO4CIVHIC technologies developed for the drilling and installation of ground heat
exchangers as well as the new heat pump solutions have been considered based on a number
of possible retrofit scenarios similar to those described in the project case study sites.

A review of the barriers and the potential solutions for the implementation of the project tech-
nologies carried out in the early parts of the project has been undertaken, in order to develop
tools for non-technical stakeholders to demonstrate the integration potential of the project
technologies.

An MCDA tool has been developed, allowing the user to complete initial qualitative screening
assessments of the suitability of the project technologies, based on seven key criteria. These
were identified throughout the project as critical to the implementation of the project technol-
ogies in the retrofit sector. The criteria define the type of buildings being considered and the
possible retrofit measures that can be implemented, in order to increase energy efficiency and
promote the use of ground source and dual source heat pumps.

The scenarios modelled are based on the implementation of the EPBD in local building regula-
tions, where specific intervention measures in the context of the building fabric, use of renew-
able technologies are defined. The scenarios considered include historical buildings that are
typically exempt from these regulatory requirements. Medium and deep retrofit intervention
scenarios are also considered. The project technologies provide solutions for the implementa-
tion of ground heat exchangers and heat pumps solutions, in sites where space restrictions
would otherwise not permit such interventions and the integration of HP technologies, such as
historical and urban centre locations.

The MCDA tool allows a non-technical user to provide basic project characteristic and assess
the viability of the GEO4CIVHIC technologies, by selecting from options for seven criteria that
have been defined as critical to the design of refurbishment measures and selection of renewa-
ble heating and cooling technologies.

A risk assessment of the project technology implementation at the case study sites has been
developed. The outcome of the assessment provides a set of initial recommendations and con-
siderations for the non-technical end user on the best strategies for the integration of the pro-
ject drilling and GHE technologies, as well as the heat pump innovations. The outcomes of the
tool are provided as a qualitative result in advance of progressing a project to detailed technical
design and implementation. A recommendations matrix based on the criteria and scenarios
discussed as part of the MCDA tool has been developed.

The MCDA tool and the recommendations matrix are being integrated into the GEO4CIVHIC DSS
in WP4 to facilitate its use for non-technical stakeholders. The outputs of the tool and recom-
mendations matrix will be integrated into the training and dissemination activities planned as
part of WP8.

The outputs of this deliverable have considered the cost aspects presented for the real and vir-
tual case studies during the project. However, as the implementation of the technologies in the
WP5 tasks has not yet taken place at the time of writing, an outline cost benefit in the context
of actual costs incurred and necessary contingencies, will be completed in the later stages of
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the project. The recommendations matrix will be updated in the later part of WP6, when the
final technology recommendations will be made (D6.7) and include cost contingency recom-
mendations.
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