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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 
GEO4CIVHIC 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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Abbreviations 

 

ASHP Air Source Heat Pump 
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BHE Borehole Heat Exchanger 

Cheap-GSHPs Cheap and Efficient Application of reliable Ground Source Heat Exchang-
ers and Pumps 

DHW Domestic Hot Water 

DSS Decision Support System 

EIA Environmental Impact Assessment 

EPBD Energy Performance in Buildings Directive 2002/91/EC (EPBD, 2003) & 
subsequent amendments 

GHE  Ground Heat Exchanger 
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GSHP Ground Source Heat Pump 

HP Heat Pump 

HTHP High Temperature Heat Pump 

MCDA Multi Criteria Decision Analysis 

MPEPC  Maximum Permitted Energy Performance Coefficient  

MPCPC Maximum Permitted Carbon Performance Coefficient 

nZEB Nearly Zero Energy Building 

RE Renewable Energy 

RER  Renewable Energy Requirement 
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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 

T1.2 D1.2 Drillability information for the project case study sites 

T1.3 D1.3 Energy demand for different levels of renovation and building typologies 

T2.1 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 

T2.4 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 

T5.3 D5.3 Virtual case and real case preliminary design information  

T6.1.1 D6.1 Regulatory aspects of building retrofit and GSHP system installation and op-
eration 

T6.1.2  EIA and Risk Assessment methodologies applied to the case study sites 

T6.2 D6.3 Interference of BHEs and neighbouring systems and the implementation of 
regulations or best practices in the context of the case study locations 

 



GEO4CIVHIC D6.4 “Common MCDA Methodology & Risk Assessment of individual case study sites” 

27/05/2020   7 

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: 

• Technical aspects relating to refurbishment of different building types; 

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

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

• 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. 
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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 Fig1. 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]. 

 

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. 
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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 façades, 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 
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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 30th 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: 

• Cladding of the external surface elements with insulating materials; 

• Drylining of internal surface element insulation; 

• Replacement of windows; and 

• 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: 
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• Historical Buildings (HB) – these are considered all buildings older than 1960 which are 
considered of cultural importance (protected/listed or not) 

• 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. 

• 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; 

• 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; 

• 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.  
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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: 

• 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; 

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

• 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: 

• Approximate Energy Demand Area 

• Outdoor Space Available 

• 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: 

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

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

• 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: 

• Historical Centre 

• Dense Urban 

• Sparse Urban 

• New Development 

• 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: 

• 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. 

• 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. 

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

Scenario 

% Weighting  Building 
Archetype 

Thermal 
Envelope 

Installed 
Capacity 

Range 

Drillability 
– Ground 

Conditions 

Installed 
Capacity/ 
Outdoor 

Space 
ratio 

Land 
Use 

Setting 
Regulatory 

Requirements 

SCENARIO 1 

Historical Building 
5 10 20 10 35 15 5 

SCENARIO 2 

Med- Low Retrofit 
5 18 14 10 31 12 10 

SCENARIO 3 

Deep Retrofit 
2 35 5 10 25 5 18 

 

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 
GEO4CIVHIC 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: 

• 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.  

• 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 55oC (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 60oC 
to 70oC.  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 qualitative 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. 

 
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 
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Table 4 – Risk Recommendations Matrix for the integration of GEO4CIVHIC technologies in medium to low retrofit scenarios 
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Table 5 – Risk Recommendations Matrix for the integration of GEO4CIVHIC technologies in deep retrofit scenarios 
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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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