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Foreword

Despite the low energy performances of the European building stock, the yearly
renovation rate and decisions to perform a building deep renovation is strongly
affected by uncertainties in terms of costs and benefits over the life cycle of the
renovation.

The project 4RinEU faces these challenges, offering technology solutions and
strategies to encourage the existing building stock transformation, fostering
the use of renewable energies, and providing reliable business models to
support a deep renovation.

The 4RinEU project minimizes failures in design and implementation, manages
different stages of the deep-renovation process - from preliminary audit up to the
end-of-life - and provides information on energy, comfort, impact on users, and
investment performance.

The 4RinEU deep renovation strategy is based on 3 pillars:

. technologies - driven by robustness - to decrease net primary energy
use (60 to 70% compared to pre-renovation), allowing a reduction of
life cycle costs over 30 years (15% compared to a typical renovation);

. methodologies - driven by usability - to support the design and
implementation of the technologies, encouraging all stakeholders’
involvement and ensuring a reduction of renovation time;

. business models - driven by reliability - to enhance the level of
confidence of deep-renovation investors, increasing the EU building
stock transformation rate.

4RinEU technologies, tools and procedures are expected to generate significant
impacts: energy savings, reduction of renovation time, improvement of occupants
IEQ conditions, optimization of RES use, acceleration of EU residential building
renovation rate. This will bring a revitalization of the EU construction sectors,
making renovation easier, quicker and more sustainable.

4RinEU is a project funded by the European Commission under the Horizon 2020
Programme and runs for four years from 2016 to 2020.

The 4RinEU consortium is pleased to present this report which is one of the public
deliverables from the project work.
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NOTE TO THE READER:

The tool described in this deliverable is to be intended as a proof of concept. Individuals
interested in testing it may request a trial version by writing to the following address:
4RinEU@eurac.edu
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Executive Summary

A barrier for building owners and investors about to embark on a deep-renovation
project is often uncertainty about which technology choices may fit with their buil-
ding and, in particular, with their specific preferences. For example, for a building
owner concerned mainly with economic viability, a good solution may look quite
different than for a building owner interested in environmental impacts or in the
impact of the renovation/installation process on those living in the building.

One of the core pieces of the 4RinEU project is, hence, a multicriteria ranking tool
that shall guide users early in their decision process. With a focus on improving
typical energy-efficiency potential and building place / construction impact, the
tool cursorily assembles and organizes indicators from five topical areas:
economics, energy, environment, building site management, and comfort and
internal air quality. The tool shall help to narrow down the users' initial ideas to a
number of suggestions for suitable deep-renovation technology packages in line
with their preferences and priorities. It gives an overall picture and comparison of
results of using one or another deep renovation package, without exactly assessing
their performance with respect to given goals. Hence, the multicriteria ranking tool
can help investors to see advantages (e.g., energy savings or smoother con-
struction process) and disadvantages (e.g., risks and costs) of the various deep-
renovation packages. The suggested solutions may then be considered further by
experts for detailed design and projecting.

In addition, the ranking tool will give advice on typical risk moments that may occur
with the suggested technology packages. Information on financial instruments
available for the considered geocluster may ease the decision on embarking on a
deep-renovation project.

This technical note accompanies the implemented ranking-tool prototype and de-

scribes its background and usage. It also describes requirements on the underlying
repository that assembles most of the information processed in the tool.
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1 Introduction

The multi-criteria ranking tool represents one of the core pieces of the 4RinEU
project. As an early step in the decision process, it is aimed at building owners and
investors, guiding them to narrow down their initial ideas about deep renovation
of their building as illustrated in Figure 1.
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®
Consider Rating system: Comprehensive
renovating, investigate a few models: planning, Construction
scout out ‘ alternatives; design, engineering; work. Carry
ideas and focus on risks, ‘ technical, economic ‘ out chosen
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cursory trade-offs; narrow calculations and package/
analyses down to a main solutions solution.
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Figure 1. The 4RinEU ranking tool in the renovation process.

With focus on improving typical energy-efficiency potential and building place /
construction impact, the tool cursorily assembles and organizes indicators from
five topical areas:

1. economics,
energy,
environment,
building site management,

A A

comfort and internal air quality.

Based on a selection of suitable deep renovation packages for their region and a
typical building archetype, it will guide investors to a number of packages that are
worth-while to detail out more, according to their specific preferences and percei-
ved importance of the five topics. In addition, the tool will give advice on typical
failures and risk moments that may occur with the analysed technology packages.
Information on financial instruments available for the considered geocluster may
ease the decision on embarking on a deep renovation project.
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The multicriteria ranking tool gives an overall picture and a comparison of results
of using one or another deep renovation package, without exactly assessing their
performance with respect to given goals or even providing labelling. It can help
investors (e.g., building owners - public or private, big real-estate or small owner)
to see advantages (e.g., energy savings or smoother construction process) and dis-
advantages (e.g., risks and costs) of the various deep-renovation packages, set
them up against each other and identify solutions with a good trade-off according
to their own preferences. These suggestions may then be considered further for
detailed design and projecting.

Development and testing of the tool have been done in close collaboration among
4RinEU partners SINTEF, EURAC, AIGUASOL and TRECODOME. This work has been
carried out in parallel with and using insights from 4RinEU demonstration cases in
three European geoclusters (Northern Europe — Norway, Continental Central
Europe — Netherlands, Mediterranean — Spain) and for building archetypes typical
for these regions. Early adopters in three additional European geoclusters (North-
East Europe — Poland, Atlantic Zone — Ireland, Continental East Europe — Hungary)
with their typical building archetypes were envisaged for hands-on testing of the
tool. This approach provides valuable insight, for example, on requirements on the
tool and on information availability and structure.

Within the scope of 4RinEU task 4.2, two prototype working versions ("proof of
concept”) of the tool have been implemented as MS Excel files. The versions are
similarly structured but have a slightly different work and information flow. In both
versions the user will, for each topical area, select one key performance indicator
(KPI) and state how important that area/KPI appears to them. This way, the solu-
tions can be compared more comprehensively, finding a trade-off between the five
topics according to the user's specific preferences and needs.

One prototype version aims at somewhat more informed users that already have a
rough idea how they may carry out a deep renovation for their building. Here, the
user defines some deep-renovation packages that will then be ranked according
to the user's preferences. The other prototype version does not require a preselec-
tion of renovation packages and, instead, finds the best ones (according to the
user's preferences) among all packages for that geocluster and building archetype
for which data exist. This guides users to renovation packages suitable for their
specific needs and preferences.
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It is easy to select and vary the KPIs and user preferences and then to re-run the
analysis. Hence, in future work, the two prototype versions may also be combined
for more comprehensive analyses. For example, a user may compare own
selections of renovation packages against those the tool identifies as best ones. A
user may also assess how packages identified as good in one situation would fare
under varying preferences or for different KPI choices.

In the remainder of this technical note, focus will be only on the second prototype
implementation finding a set of best-performing packages without requiring a pre-
definition step. That prototype version is considered the main project deliverable.

Task 4.2 in the 4RinEU project is not concerned with creating, collecting or storing
actual values for the model input parameters or indicators; this has been taken care
of by other project tasks, in particular task 2.1 (simulations and repository of per-
formance indicators), task 3.3 (deep-renovation package descriptions), task 4.1 (risk
elements), task 4.5 (available financial instruments) as shown in Figure 2.

T2.1 Simulations, KPlIs,
other information
T3.3 Deep renovation
packages description T2.1 4.2
; Ranking system — several
Repository i
[ T4.1 Risk information ]— perspectives
T4.5 Financial
instruments

Figure 2. Main blocks of information to be combined in the ranking system.

This technical note accompanies the ranking-tool prototype and gives a closer de-
scription of its background and usage. Section 2 describes information serving as
input to the tool, in particular information pre-loaded by the 4RinEU research team
into the repository file. It also comments on output information from the ranking
tool. Section 3 focuses on implementation details and Section 4 demonstrates the
tool's functioning using a demo case example. Section 0 summarizes. Finally, the
appendix contains a list of all considered performance indicators as stored in the
repository and notes on the evaluation of cost and time data used in the repository.
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2 Input and output information

The ranking tool relies on various types of input and, thus, combines information
across many tasks of the 4RinEU project (see Figure 3. 4RinEU work packages and
tasks delivering information to the ranking system.). Main elements are:

e geocluster-typical building archetypes and their properties,

e description of deep-renovation packages in technical terms,

e performance indicators (KPIs) and similar parameters

e risks for failures and damages at various stages in the process,

e financial instruments potentially applicable for the deep renovation project.
All information is stored in a structured way in an MS Excel file (a repository) from
which the ranking tool extracts information as needed. This chapter describes both
details of this data and of the repository.

[ T3.6 Renov. management } [ T2.2-7 T4.1 Risk; checklist [ T4.4 Repll;atlon ]

Technologies potential
[ WP5 Demo buildings 1

y

A
[ 721 Early adopters TELES T2.1 Geo-clusters,
Renovation packages Building archetypes
T2.1
Slmulatlons

\ 4

T2.1 4—[ T4.1 Risk assessment ]
Repository

[ T4.5 Financial instruments

T6.2 EU regulat\ons and
ﬂnanmal initiatives

T4.2

Ranking system — several perspectives

Figure 3. 4RinEU work packages and tasks delivering information to the ranking system.

2.1 Information serving as input to the ranking tool

To provide useful guidance, the ranking tool relies on a wealth of general infor-
mation gathered outside the tool in the form of a repository. This information col-
lection has been carried out by the 4RinEU research team in collaboration with the
technical project partners. In the following paragraphs, we describe this informa-
tion in more detail.
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2.1.1 Geoclusters, building archetypes, renovation packages

Geoclusters, building archetypes and renovation packages form the basis for struc-
turing the information in the repository and, hence, for retrieving this information
and displaying it in the ranking tool.

The tool has been developed in parallel with and using insights from the 4RinEU
demonstration cases in three European geoclusters:

e Geocluster Northern Europe (reference country Norway)
e Geocluster Continental Central Europe (reference country Netherlands)
e Geocluster Mediterranean (reference country Spain)

Further hands-on testing will be done by early adopters in three additional Euro-
pean geoclusters with their respective building archetypes:

e Geocluster North-East Europe (reference country Poland)
e Geocluster Atlantic zone (reference country Ireland)
e Geocluster Continental East Europe (reference country Hungary)

For each geocluster four building archetypes were defined: single- and multi-family
house, apartment block, and terrace house. A brief geocluster-specific description
of the building archetypes is included in the repository, to be loaded into the tool
for the user to ascertain an appropriate selection. This information is provided by
Task 2.1.

A deep-renovation package is described by a combination of a particular choice (or
logical selection) of technology options in eight categories of components: energy
hub (the 4RinEU hydronic unit to optimize the energy distribution system), heating
generator, solar collector, facade system, windows/glazing, mechanical ventilation,
ceiling fan, PV panels. These categories have been defined such as to apply for all
geoclusters although their individual interpretation may vary from geocluster to
geocluster. The choices are binary, which makes it possible to calculate unique 1D
numbers for each deep-renovation package purely based on the choices in all cate-
gories. In addition to these deep-renovation packages, also a no (or pre-) renova-
tion situation and a standard renovation are defined in terms of technology options
and given according ID numbers. Task 3.3 provides descriptions of the single tech-
nology choices and, hence, renovation packages as unique combinations of selec-
tions for these choices.
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2.1.2 Performance indicators and similar information

Values for key indicators represent the most important body of information that is
stored in the repository and retrieved depending on the chosen geocluster, buil-
ding archetype, deep-renovation packages. This data consists of

e "as is" data (real or "near real" ones, estimates, ...) such as costs collected

from demo cases, technology providers, national partners, literature
e simulated data, e.g, energy produced, are gained from technical
simulations performed by EURAC and further project partners for the
considered building archetypes and technical solutions
e calculated data such as net present value (NPV) are computed based on
other provided information, either real/realistic or simulated data.
The 4RinEU project partners agreed on a list of 27 key performance indicators
(KPIs), grouped into five topics areas: energy, environment, comfort and internal
air quality (IAQ), economic issues, building site management. This contains the
indicators deemed the most important and most informative for the user at this
stage. Appendix A shows the full list of these KPIs and brief explanations. Within
the 4RinEU project, the main responsibility for assembling the KPI values for all
geoclusters and building archetypes has been with Task 2.1.

All this information needs to be collected — and kept as up to date as possible — in
the repository for each deep-renovation package, each building archetype and
each geocluster. Hence, a balance needs to be struck between level of detail (num-
ber of considered KPIs) and manageability (need to collect/update values). For ex-
ample, with a set-up of seven technology categories with three choices in two cate-
gories and two choices in the other five, 288 different technology combinations are
to be considered. In addition, there are six categories for user specifications, also
here two with three choices and two choices for the remainder. This yields 41.472
sets of KPI values for deep-renovation packages to be created, in total 1.036.800
KPI values for each geocluster and building archetype. Adding just one new tech-
nology category with two choices doubles the number of possible deep-renovation
packages to 576, and thus also the number of KPI values to be generated to
2.073.600 per geocluster and building archetype.

2.1.3 Risk management

Deliverable D4.1 "Risk assessment guidance" of the 4RinEU project discusses risk
management for deep-renovation projects in a broader context. For the ranking
tool implementation, we focus on some technical risks directly related to the
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technologies in the deep-renovation packages. In particular, we mention risks that
may occur with a prefabricated multifunctional facade, a comfort ceiling fan, a plug
and play energy hub, and PV cells and solar collectors. Information on each element
has been gathered from the report D4.1 and stored in the repository in a structured
manner. This comprises examples of typical risk or failures that may occur, potential
outcomes (damages), and ways for remediation or, at least, mitigation. The infor-
mation contains also general advice on issues to pay attention to for the concerned
technology. This way, the user is directed to points that they should be aware of
and seek further information on when planning their deep-renovation project in
more detail. The main responsibility for providing input on risk management is with
task 4.1.

While a more quantitative risk evaluation of each deep-renovation package would
be desirable such that risk may be included directly in the ranking of packages,
such an approach is far beyond the scope of the 4RinEU project. This is not at least
since it requires many details to be gathered such as probability of the risk, costs
of potential damages (and their repair) and costs of remediation or mitigation. Ty-
pically, such details are not readily available — especially not for innovative and
complex technologies that are not commonplace — and exact values have little
transfer value to other deep-renovation projects, even in the same geocluster and
for the same building archetype.

2.1.4 Financial instruments

How to finance deep-renovation projects is an important issue to be scouted out
early in the process as it may limit (but also extend) the range of relevant techno-
logy choices. There exists a number of schemes for, e.g., energy-efficiency in-
vestment in buildings with a varying degree of maturity and applicability for diffe-
rent kinds of deep-renovation projects, ownership or building types. Among the
more mature instruments available we can find dedicated credit lines, energy-per-
formance contracting, risk-sharing contracts or direct investments. There are also
some emerging instruments that may be suitable in the context of deep renovation
such as on-bill repayments, energy-efficiency investments funds, energy-service
agreements or green bonds. Deliverable D4.5 "Regionally applicable financial
instruments" of the 4RinEU project provides more comprehensive information on
such instruments for each of the six considered geoclusters.

Often, the applicability of these financial schemes appears to depend on, for ex-
ample, ownership and similar characteristics (commercial, public, rental, owner-
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occupied building) that are not necessarily reflected in the building archetypes de-
fined for the technological characterisation in the 4RinEU project. In the Norwegian
case, Boligbygg as a municipal corporation has no option to apply for instruments
such as green loans for climate- or energy-focused investments. On the other hand,
they may seek to include such investments into their annual budgets.

As evident from deliverable D4.5, many of the mentioned financial instruments are
not specific to certain technology choices but mention broader categories such as
"energy-ambitious major renovation process” or require certain targets to be met.
A reason for this may be the fast pace of technology development and the large
variety of suitable technology choices. Design and applicability conditions of the
single schemes change rather often and new schemes are devised for specific tar-
gets and target groups (such as building-related loans for owner-occupiers in the
Netherlands as mentioned in section 4.1 of deliverable D4.5), and actuality of the
values and other information stored in the repository is difficult to guarantee.
Moreover, the structure and functionality of these instruments varies widely for the
different geoclusters, building archetypes and renovation package specifics, which
makes it challenging to find a common way to incorporate them into economy
calculations within the scope of the ranking tool.

For the 4RinEU repository and the ranking tool, this means that a description of
financial instruments applicable for the single renovation packages is qualitative
and general.! For each geocluster, major kinds of instruments or relevant institu-
tions are listed, together with some typical examples of such instruments. This shall
help pointing the user into the right direction, encouraging them to seek more
specific and up-to-date information and advice there. The main responsibility for
providing this input lies with task 4.5.

2.2 Repository

The repository contains all aforementioned information from which the ranking
tool can select. For the prototype of the ranking tool, it is implemented as a collec-
tion of MS Excel files with several dedicated worksheets. This repository can be

" Including effects of these instruments on economic KPIs requires good information on
the renovation packages and the evaluation criteria for the instruments. Collecting suffi-
cient information (and keeping it up to date) on the latter is far beyond the scope and
resources of 4RinEU. Also, this need for detailed information does not fit with the intended
use of the ranking tool at an early stage in the decision process, as a cursory tool.
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envisioned to serve as a source of information also for other 4RinEU deliverables
(and beyond the project), not at least as it collects important insights gained in
various work packages. Hence, it contains more information than used by the ran-
king tool. With increasing number of included KPIs and other data, reaction time
or processing speed may become an issue. Then, it may be considered to construct
a lighter version of the repository for sole use by the ranking tool, e.g., extracting
only necessary worksheets. For the current proof-of-concept implementation this
was not done. However, separate repository files were created for each combina-
tion of geocluster GC and building archetype BA. For the demo geoclusters used
for repository and tool development, GC is to be replaced by "NL", "NO" or "ES".
Building archetypes BA are, e.g., "SFH" for single family houses or "MFH" for multi-
family houses. This section describes the worksheets and the structure required to
deliver input to the ranking tool.

2.2.1 Worksheet "Building features_existing"

The sheet gives details for the concerned building archetype in the considered
geocluster. It mentions the 4RinEU project-internal code (for easier relation to the
simulations setup), building size class (SFH, MFH), construction period, reference
floor area, and a number of further features such as building volume, number of
apartments, or surface area and U value of windows, walls, roof and basement.

The ranking tool expects the geocluster to be in column A, internal code in column
B, building class in column C, construction period in column D, etc. The first two
rows in the sheet are assumed to be headers.

1 |Geocluster  Building 4RInEU Code Building features - existing situation (as implemented in the building simulations)

Building Reference Uwindow  Uwindow Envelope u Surface o
Construction Volume | Number of Uwall Uroof !
surface basement basement heating | the current
[ma] r by

s ace
size Floor Area glazing
IWAm2K oot (M2 o ey oiler heating

Periad: [m3] apanments = 27"

frame
Class (heated area) wima | wymaey | Vm2KI

ERLT] G1_NO_SFH_02 SFH 1955-1975 215 461 1 2,82 21 0,444 198 0,228 82,5 2,229 75 Traditional 67 %

2.2.2 Worksheets "Dist"

These worksheets contain all relevant information on the single (deep) renovation
packages for the selected geocluster and building archetype. Due to the large
number of variants of deep renovation packages, separate sheets have been crea-
ted for three categories of distance Dist of the considered building to the place
where the facade is prefabricated, "50 km" for distances up to 50 km, "50 km — 250
km" for distances between 50 km and 250 km, and "250 km" for larger distances.
Each sheet holds information gathered for 13.824 deep renovation packages.
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The sheets contain in row 2 the codes (ID numbers) of all renovation packages. In
rows 11 to 20, descriptions of the single technology choices are listed that, in
combination, define the deep-renovation packages: facade, windows, roof insula-
tion, ground floor insulation, shading system, ceiling fan, cooling system, PV sys-
tem, heating generation, and mechanical ventilation system. This results in 288 dif-
ferent combinations. The options to choose between for each technology may vary
and be worded differently in the single geoclusters. Rows 23 to 28 show the choices
for user specifications for the renovation project: cladding type, mounting system,
removal of old facade cladding, anchoring type for the prefabricated facade, roof
insulation type, and distance from the prefabricated-facade production site. Com-
bined with the 288 variants of the deep renovation packages, this yields 13.824
different parameter sets per sheet. In rows 34 to 62, parameters defining the reno-
vation packages are detailed out, while rows 65 to 108 contain more details on
costs (not read in by the tool prototype). Finally, rows 115 to 139 list collected,
simulated or calculated values for the KPIs considered in the tool. Values for the
energy topic are read in from row 115 on, for environment from row 129 on, for
comfort and air quality from row 131 on, for economics from row 137 on, and for
building site management in row 139. Rows 140 to 152 mention more KPIs cur-
rently not read in by the tool.

The first sheet of a set, with Dist set to "50 km", contains information on the no/pre-
renovation and standard-renovation processes as well, in columns C and D, while
details on the 13.824 deep-renovation package variants start in column E. In the
other two sheets of a set (with Dist being "50 km — 250 km" and "250 km", respec-
tively), only deep-renovation packages are described, starting in column C.
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2.2.3 Worksheet "Risk"

The worksheet lists examples of issues to be considered for risk management for
the technology categories Prefabricated multifunctional facade, Comfort ceiling
fan, plug & play energy hub, and RES (PV panels and solar collectors). These
examples are described in terms of the event (or its cause), potential damaging
outcome, possible countermeasures to avoid the event and/or ensuing damage,
and KPIs that may be affected. The worksheet lists also some general advice to be
considered when choosing these technologies for a deep-renovation project.

In the prototype implementation, the sheet contains six examples for risk manage-
ment of the facade solution (columns B to E), five for the ceiling fan (columns F to
), six for the energy hub (columns J to M), and six for the RES technologies (co-
lumns N to Q), located in rows 2 to 8. It also includes six general-advice items for
the facade, four for the ceiling fan, three for the energy hub, and one for the RES
technologies, located in rows 10 to 16.

Additionally, the worksheet contains three examples for risk-management issues
and seven suggestions for general advice when using the EarlyReno tool (columns
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R to U). These have, however, not been connected to the ranking tool as EarlyReno
is not considered a technology category for defining deep-renovation packages.

 reagrmad plareing proca:

Building features_existing | Risk | Finencial | 50km | S0km-250km | 250 km

2.2.4 Worksheet "Financial”

This worksheet lists relevant financial instruments (or institutions providing such
instruments) for all considered geoclusters, together with some explanations,
sources for further information on the instrument and further comments such as
applicability only for certain building-owner types. As this information is not very
specific (e.g., in general not related to building archetype or deep-renovation pack-
age), the data for all geoclusters are put into one single sheet.

The first row of this worksheet contains the abbreviations for the geoclusters. The
information for each geocluster is organized in four columns, with titles in row 2
"Institution/ instrument”, "Explanation/example", "Applicable technology (of those

m

mentioned in DRP description)", and "Comment". The single entries start in row 3.

[ 3
NL Last update; April 2020 ES Last update; April 2020
i Esplanatiant Applicabh

WP Hom V3 ) Ener gy parformance. FAREER Subsidies, oans

InDutshe\oning |FEDERPOPE 2012020
asrdering

Triados bark Dedicated reditines

PLal

3 Feduced VAT For sl etrafiting actiiies

2.3 Output information from the tool

Immediate output from the tool is a set of suggestions for the user on which deep-
renovation packages may be the most suitable to explore further, based on the
user's preferences and evaluation criteria. In addition, the tool provides information
on technical features of the suggested packages, establishing a base for the user
to proceed with more detailed planning for exactly their building.
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The user can get an overview over the performance of the single suggested
packages by way of a table containing the values of five chosen indicators and a
combined score. A graphical presentation of these values helps to grasp this com-
parison visually.? This way, the user can compare the suggested packages among
each other as well as with the current (pre-renovation) state and with a standard
renovation. In particular the latter may help the user to decide whether embarking
on a deep-renovation project may be worth-while for them or not. Seeing the va-
riance in the single suggestions' KPIs can also give an indication on topics where a
deep-renovation project will have a high impact on, e.g., energy savings no matter
which technical solution will be chosen. Investigating suggested technology choi-
ces for the single packages may indicate particularly well-suited choices.

It is easy to vary the choice of investigated KPIs and user prioritization for the single
topics of interest and to re-run the analysis. Hence, the user may try various confi-
gurations and find out whether there will be types of deep-renovation packages
that are less sensitive (more robust) against changes in user preferences (e.g., are
among suggested packages under different preferences). These packages may
then be most suitable for further exploration and detailed planning. The user may
also examine the various suggestions under different preferences with respect to
technical features or other properties that may be common for many of the sug-
gested packages.

It is also advisable to check out the provided information on potential damages
and other risks and on potentially applicable financial support. While some of this
information may ease the deep-renovation project, other information may uncover
potential challenges to it, e.g., indications that a preferable facade solution may be
infeasible with the user's exact building type and style.

2 The prototype implementation contains a simple visualization through bar charts. How-
ever, during the project also other solutions conveying more information have been dis-
cussed such as visual presentations of, e.g., building details (insulation thickness or the like)
or a kind of scatter plot describing the location of the selected KPIs within the range of the
respective KPIs for all deep-renovation packages. One may also set up two or more aspects
against each other as demonstrated in the FP7 EU project Cileccta
(https://www.researchgate.net/publication/280307908_Sustainability_within_the_Construct
ion_Sector_CILECCTA_-_Life_Cycle_Costing_and_Assessment).
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In sum, the tool will provide the user with suggestions for technical solutions for
suitable deep-renovation packages that they can take further, utilizing the exper-
tise of engineers and architects as well as comprehensive technical calculations to
develop detailed project plans for a deep renovation tailored to the user's situation,
actual building and technical requirements.
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3 Proof-of-concept implementa-
tion of the ranking tool

This chapter describes the proof-of-concept implementation of the ranking tool,
focusing on the workflow when using the tool and details of the single worksheets.
It also provides details on the calculation of the score used to rank the deep-
renovation packages. Chapter 4 demonstrates the usage of the tool step by step
using a realistic example.

3.1 Information to be provided by user

The user or consultant is assumed to have information on the considered case in-
cluding suitable geocluster and building archetype. They have also an idea about
their perceived importance/prioritization of the five key topical areas (economy,
energy, construction process, environment and comfort) and about which KPIs are
important for them to consider within each topic.

3.2 Work flow

As indicated in the introduction, while two working prototypes of the tool were
implemented during the 4RinEU project, this technical note describes only one ver-
sion. That version is aimed at users having no ideas yet about technology choices
they may want to explore further. In other words, the ranking tool is supposed to
find the best performing packages according to given user preferences.

An analysis with the tool starts with the user selecting a suitable geocluster and
building archetype. The user states also characteristics for their specific renovation
project. For each of the five topics, a KPI is chosen and a priority defined, indicating
how important the user perceives that topic is for their evaluation. Then, the tool
retrieves these indicator values and other relevant information from the repository
for all deep-renovation packages about which KPIs have been stored for the con-
sidered geocluster and building archetype. Using the user's priority/weight factors
and the values of the selected KPIs, the tool calculates a score for each package as
described in section 3.4 and finds the five deep-renovation packages with the best
scores. These scores and the selected KPIs for these packages are displayed in a
table on the "Start" sheet, together with values for standard-renovation and pre-
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/no-renovation solutions. The single solutions' performance is also presented gra-
phically. Detailed information about these packages — indicator values, applicable
financial instruments, relevant risk elements — is collected from the repository for
the identified packages and displayed in the corresponding dedicated sheets "Re-

sult details”, "Risk management" and "Financial instruments". Figure 4 illustrates
these steps.

Geo-clusters, Deep renovation
building archetypes 1 packages
A

Risks and Financial
KPIs .
‘[ ] [ concerns ] [ instruments ]j

Energy
yirof el

Environment

Comfort and 1AQ

Economics

Result
overview

Building site management

T2.1
Repository

representation —

Result and DRP
details
— Risk evaluation
Financial
instruments

—

Check
Select Specify building
geo-cluster, Prioritization Select one KPI details for archetype

building of topics per topic renovation features
archetype process

Figure 4. Detailed information flow, work steps and relations between the tool's worksheets. Blue-lined
boxes indicate preparatory steps by the 4RinEU team to populate the repository and tool, green-lined

boxes show user-provided information and dark blue boxes denote tool worksheets and information
contained therein.

3.3 Worksheets in the ranking tool

The Excel file contains the following worksheets: "About", "Start", "Building
features”, "Result details", "Risk management”, "Financial instruments"”, "KPIs and
descriptions”, and an auxiliary sheet "InputToTool2(Hidden)", hidden to the user.
These sheets are described in more detail below. For the sake of comparison, the
results sheets display not only values for the deep-renovation packages but also

corresponding values for the do-nothing/pre-renovation and standard-renovation
situations where these exist.

3.3.1 Worksheet "About"

This sheet contains a brief explanation of the tool implementation as deliverable
of the 4RinEU project as well as a reference to this technical note.
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a 4RIiNEU

Reliable models for deep renovation

DA4.2 Cost-effectiveness ranking tool

ndic economics, energy, environment, building site management, and comfort

5 an overall picture a s results of using ane or another deep renovation package, setting up
advantages against each other. The multicriteia ranking tool will help investors find suggestions for suitable deep
renovation technology packages with a good trade-off according to their own preferences. These solutions may then be considered further by
experts for detailed design and projecting.

The ranking tool will also give advice on typical risk moments that may occur with the suggested technology packages. Information on financial
f i may ease the decision on embarking on a deep-renovation project.

This implementation of the ranking tool s  proaf-of-concept version developed within the 4RinEU project by Sintef and Eurac Research in
p and Maier, Trecod: d Aiguasol.

Ated ilable at this link accomp: i implementation and deseribes background and usage.

eurac
SINTEF  [osearch

About | Start  Buldingfeatwres  Resultdetsils  Riskmanagement  Financial instruments  KPis and explanations. ®

3.3.2 Worksheet "Start"

This is the main sheet in the tool — all other worksheets include a button to return
to this sheet. It serves as a kind of dashboard and is the only place where user input
or interaction is expected. Here, the user may select the concerned geocluster and
building archetype® from predefined sets. A button "Check building features" leads
the user to the worksheet "Building features", to check details for the selected ar-
chetype (see section 3.3.3). Further, the user can select for each of the five topics
of interest which KPI they deem most important and how much importance
(weight) they assign to this KPI. The user can also give some details on their specific
renovation project such as distance to where the facade elements are prefabrica-
ted, mounting and anchoring method, cladding type, whether old cladding is re-
moved or not, roof insulation type.

A button "Run analysis" starts the actual analysis for the specified case, reading out
selected KPIs and other relevant information from the repository, processing this
information and displaying key results on this sheet. As part of the analysis, a com-
bined score is calculated for each renovation package, based on the sum of the
scaled KPI values for all topics of interest weighted by the user's prioritization. This
procedure is described in detail in section 3.4. The tool finds the, according to the

3 The worksheet "Building features" is set up for four building archetypes for each geo-
cluster. However, the implementation of the ranking tool and the accompanying repository
demonstrate a proof of concept, taking only two archetypes into account, single- and multi-
family houses.
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calculated scores, five best deep-renovation packages and displays the correspon-
ding KPI and score values in a table, together with values for the no or pre-reno-
vation state and for a standard renovation. In addition, the values are displayed
graphically.

The sheet contains also buttons leading the user to the worksheets "Result details",
"Risk management" and "Financial instruments" providing more information on the
selected deep-renovation packages.

1
5 |Geocluster 8 referance counry  [Women e} -] 572 810 FPRIY 5P W0 RSP W0 RPRS) 51
irpe - EY
T

& |Building arch O [Combined score [max = 10; Io
7 Econoemic issues
e

o User priorities for aress of interest
10 Economic issues =]
11 |Energy 2

+5 User specifications for construction process
17 [clacding nwe o

3.3.3 Worksheet "Building features™

The worksheet displays features for the chosen building archetype in the conside-
red geocluster, reflecting the existing situation as implemented in the building si-
mulations. This can give the user some indications about transferability of the in-
formation displayed in the tool to their specific building.
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[« D E F G H J

Building features - pre-renovation state

5 |Geocluster: Norway’
6 |Building type: SFH
s
9
10 |Construction Period: 1955-1975
Reference Floor Area 225,00
11 |{heated area):
12 |Volume [m3] 461,00
13 [Number of apartments 1,00
U window glazing 2,82
14| [w/(m2K)]
U window frame 21
15 |IW/(m2k)]
16 |Uwall [W/{m2K)] 0,484
17 [Envelope surface [m2] 198,00
18 [Uroof [W/{m2K]] 0,228
19 |surface roof [m2] 82,5
20 |U basement [W/(m2K)] 2229,00
21 |surface basement [m2] 75,00

22 |current heating boiler

Traditional Gas Boiler

Total Efficiency of the
23 |current heating system

0,67

About

Start | _Building features

Result details Risk Financial instrument: KPIs and i (]

3.3.4 Worksheet "Result details"

This sheet assembles all KPls in a common table for the considered five deep-

renovation packages and the pre-/no and standard renovation solutions. It also

replicates information given for these packages and for the renovation process on
the "Start" sheet. In addition, corresponding technical details for the packages are
read out from the repository and displayed, along with information about parame-

ters used to estimate KPI values in the simulations.
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Ranking 1 2 4 5
Combined score (maz = 10; low = good) 3,648 2,797 2,804 2,822 2,828 233
Totalinvestment cost (] 0,00 SHEL0E 34T T24503,02 1Z7876,02 T26053,03 126602.73
Heasting demand [kihim2A] 176,51 atar 7226 72.28] 72.26] 53.70) 7226

10| CO2 emissions heating [katy] 322,19 621153 268338 283335 2383,35] 274102 268338

11| Time on building site [hours] 000 0,25 05,04 15,04 5,04 5,04 8540

12| pmy_zone2_ Catll [hourstyear] 0,00 79,00 55,00 55,00 55,00 57.00) 55,00

[

1¢ Deep renovation package
Facade FRE-RETROFIT FOST-RETROFIT GOOD | POST-RETAOFIT FOST-RETROFT  |POST-RETROFIT  |POST-RETROFIT  |POST-RETROFIT

EXTERNALWALL  |PREFABRICATED 00D VERY GOOD

[ FACADE (U-02) PREFABRICATED  |PREFABRICATED  |PREFABRICATED  |PREFABRICATED  |PREFABRICATED
Windon FRE-RETROFIT FOST-RETROFITIowE | POST-RETROFIT low E |POST-RETROFIT low [POST-RETROFIT low | POST-RETROFIT low | POST-RETROFIT low

15 WINDOW double glazing double glazing £ double glazing E double glazing E double glazing E double glazing
oo insulation FRE-RETROFIT No POST-RETROFIT POST-RETROFIT  [POST-RETROFIT  |POST-RETROFIT | POST-RETROFIT

" FOOF FODFIMSULATION | ROOF INSULATION  |ROOF NSULATION | ROOFINSULATION | ROOF INSULATION

15 Groundfloor insulation FRE-RETROFIT No POST-RETROFIT FOST-RETROFIT  [POST-RETROFIT  |POST-RETROFIT | POST-RETROFIT

1 Shading system o o Ha Na o Ho o

20 Celing fan Na Na Ho Mo Yes Ho Na

21 Cooling system No No fe Yes Yes Ho No

22 [PWsystem No No he Ne No Ho Yes
Heating generatian T T Heat pump Heat pump Heat pump Heat pump Heat pump

] system- gasboiler | gas boiler
TMiechanical ventiation system N mechanical lo mechanical ventilstion | N mechanical fo mechanical Na mechanical Ho mechanical N mechanical

24 wentilation wentilation wentilation wentilation wentilation wentilation

2

26 |Energy

27 | Total heating demand [kwh kih 3971555 20632,21 1626350 1626950 16259,50 15456,87 1626350

26 | Total conling demand [k\hi kih 0,00 031 000 0,00 0,00 000

23 | Heating demand [khim®™! kiwhim? 176,51 atar 7226 72.28] 58,70 7226

a0 Daolinidemand i kithim? 000 000 00 000 000

31| Heating consumption [kKWhi] kih 5902073 070,41 541323 541333 541353

52 Heating consumption [Khimeta] | kivhim? 26231 13687 2409 2409 2409

33 [Primany energy heating [kWhiy kih 5902073 A0TE0H 10639567 1083967 10639567

3¢ | Primany energy heating [kwhimity] | kiwhimd 26231 1667 81 4510 819

35 | Cooling consumption [khi kirh 000 0m 0m 000 0m

36 Cooling consumption kwhim®y' | kwhim® 0,00} 0,00 0,00 0,00} 0,00}

37 | OHW demand [k Kihiyear 327438 327438 2438 243304 2438,4] 24384

a6 Wentilation consumption [Kwh] | kwh 000 0 000 000 0,00 000

33 [Ceiling Fan consumption [kihiy] | kwh 000 0m 0m 0 0.00 0m

40 [PY power produced [y [ 000 0m 0m 00 0.00 000 1376532

41 |Environment

2 CO: emissions heating [kgfy] kg COsfyear 322,19 621158 268335 263,35 2863,35] 274102 200335

45 GOz emissions cooling [kgty] kg Cafyear 000 000 0,00 0,00 0,00 0,00 000

1: [ Comfort & Indoor Air Quali

4 287400 283400 225400 225400 2254001 225300 225400

48 174,00 182,00 363,00 353,00 353,00 350,00 363,00

. 100 500,00 123,00 123,00 123,00 164,00 123,00

aa 000 117,00 257, 257,00 257,00 253,00) 257,

43 000 500 0m 00 0.00 000 0m

) 000 78.00 55.00 55,00 56,00 57.00) 55,00

51 | Econor sues

sz | Totalinvestment cost | 1,00 5115106 12316427 12450302 127702 126053,09 126662.73

53 Totalinuestment cost, actor (] 0,00 #5453 20489925 207127.04 21274179 20970573 21075327

54 [ Approzimated LCC 50 years [| 0,00 3622033 13354709 14108392 144387.55 1282017 1353357

About Start Building features Result det: Risk management Financial instruments KPIs and explanations.

3.3.5 Worksheet "Risk management”

The sheet gives examples of important risk-management aspects and general ad-
vice to be considered for the relevant (deep) renovation packages. While advice for
the prefabricated facade and the plug and play energy hub is always displayed,
advice for the ceiling fan and RES is only displayed if some of the selected DRPs
comprise this technology. Then also the ID numbers of the concerned packages
are listed.
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|
3
4
5 Prefabricated multifunctional facade
6 Risk management, examples:
7 Event / cause. Possible outcome Countermeasure
Element not fittingto  Compromized stability or
8 building function
Hidden moisture or Decay, mould, other Thorough survey
9 moisture damage damage
Inadequate design Low moisture safety;
process Iacking fire safety; air i

10 Ieakages
Inadequate planning /  Errars in mounting of
site management elements

n mounting.

Moisture damage,

mechanical damage

Failure t0 store
elements in dry and

Integrated planning process,
uding manufacturer and all demand, LCC
special planners.

Make and follow detailed
plan for delivery, storage and

Cost-effectiveness rating system | D4.2

Affected KPI

QC of scanning / measuring  LCC

LCC, Investment cost

Heating demand, cooling

Heating demand, cooling

demand, LCC

Lee

12 protected conditions
Element damaged or Prepare for provisional
13 delayed in transport coverage
13
15 General advice:
Compare deep renovation with demolition and new building. Give attention 1o the timing of the deep
16 renovation
An integrated planning process is recommended — early inclusion of element manufacturer and builder in the
17 planning process will allow their experience to be exploited and reducing risk of unnecessary redesign
18 Use appropriate collaboration contracts where possible
13 Be sure to include the behaviour of the complete building in the planning process
20 Be consequent in the remediation of thermal bridges.
21 For the building process, the best result will be achieved without inhabitants in place
22
23
24 |Plug and play energy hub
25 Risk management, examples:
26 Event / cause Possible outcome Countermeasure Affected KPI
DHW too hot Scalding Limit temperatures at "end
27 point"
2 Legionella spread Serious infection

Component damages  Leakage, malfunction

Choose high-quality Loc

«component (plate exchanger
SWEP, circulation pump);

Result details Risk

Financial ir KPIs and

About || Start | Building features.

3.3.6 Worksheet "“Financial instruments”

The sheet lists main types of financial instruments or institutions providing such

instruments that may be available for deep-renovation projects in the considered

geocluster, pointing the user to relevant instruments or sources of further informa-

tion.

Back to "Start"

Comment

1

2

3

4

5 |Last update: April 2020
6

7

8 [Enova

9 |Husbanken

10 |kommunalbanken

11 | Municipality

https://ww enova no
https://husbanken.no

specific programmes in some municipalities

About || Start Result details | Risk

Financial instruments KPIs and

Building features

3.3.7 Worksheet "KPIs and descriptions”

The sheet replicates the information stated in Appendix A in this technical note,

listing and describing all KPIs within the single topics of interest.
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Total heating demand [k\Wh]

‘Yearly net energy demand for heating as calculated considering the boundaries setin Annex
4 of Deliverable 2.1 "Geo-clusters and Building Archetypes’

4 Total cooling demand [KWh]

‘Yearly net energy demand for cooling as calculated considering the boundaries setin Annex
4 of Deliverable 2.1 "Geo-clusters and Building Archetypes’

Heating demand per m* [KWh/m2]

w

Yearly net energy demand for heating as calculated considering the boundaries setin Annex
A of Deliverable 2.1 "Geo-clusters and Buil-ding Archetypes™ and normalised according to the
heated building surface

Cooling demand per m2 [KWhim2]

‘Yearly net energy demand for cooling as calculated considering the boundaries setin Annex
A of Deliverable 2.1 "Geo-clusters and Building Archetypes® and normalised according to the
heated building surface

Heating consumption [kKWhiy]

“early final energy consumption for heating as calculated considering the boundaries setin
Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes™ and normalised according
to the heated building surface

Heating consumption [KWh/m?#y]

‘Yearly final energy consumption for heating as calculated considering the boundaries setin
Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes™ and normalised according
to the heated building surface

Primary energy heating [kKWhiy]

“early final energy consumption for cooling as calculated considering the boundaries setin
Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes

Primary energy heating [k"."."hfmz.fy]

Yearly primary energy consumption for heating as calculated considering the boundaries set
in Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes” and normalised
according to the heated building surface

. |Cooling consumption [KWhiy]

Yearly final energy consumption for cooling as calculated considering the boundaries setin
Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes

Cooling consumption [KWh/m?f]

“early final energy consumption for cooling as calculated considering the boundaries setin
Annex A of Deliverable 2.1 "Geo-clusters and Building Archetypes™ and normalised according
to the heated building surface

DHW demand kWhiyear

“Yearly energy demand for Domestic Hot Water production

Wentilation consumption [KWhiy]

Final energy consumption for mechanical ventilation

Ceiling fan consumption [KWhiy]

Final energy consumption for the operation of the comfort ceiling fans

‘Yearly energy produced by the photovoltaic system (if installed during renovation)

Environment

CO, emissions heating [kgh)

Yearly CO2 emissions for heating

2

3

4

5
16 [PV power produced [kKWiy]
7

8

g |CO; emissions cooling [kaiy]
0

“early CO2 emissions for cooling

Comfort & I1AQ

. |CAT_1_PPM [hoursiyear]

Number of hours in comfort category | (EN IS0 15251) according to the CO; concentration
calculated in a sample room - number of hours in optimal indoor air quality conditions

CAT_2_PPM [hours/year]

Mumber of hours in comfort category I (EM 150 15251) according to the CO; concentration

calculated in a sample room - number of hours in acceptable indoor air quality conditions

Number of hours in comfort category | (EN IS0 15251) according to the indoor temperature

About Start Building features Result details Risk management Financial instruments KPls and descriptions -'{-‘:

3.3.8 Worksheet “InputToTool(Hidden)"

This is an auxiliary worksheet needed for the ranking tool coding. After tool deve-
lopment and testing work are completed, it is hidden to the user.

3.4 Calculation of combined score

To compare and rank the user-chosen deep-renovation packages and the standard

renovation, a combined score is calculated. This score takes into account the user's

prioritization of the five topics of interest and values of the respective KPIs chosen
by the user. However, to achieve a fair score, some adjustments are required.

a) Stating user preferences for the single topics (on a scale from 1 to 5) is not

a clear-cut, rational process. Users do typically not find such values inde-

pendently for each topic but compare their perceived preferences against

each other. For example, a user may start with the topic most important to

them and work their way through the other topics, setting values in relation

to that first preference. On the other hand, a user choice may not be un-

ambiguous. E.g., choosing "3" for all topics to denote that all are equally

important would mean the same as setting "5" for all topics. Hence, we
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normalize the priorities when calculating a total score for each package. We
are interested in the relative importance of each topic against the others
and divide, hence, all priority values p; by the sum of the five chosen values:

5
p}wrm = p]/z P € [0,1]
k=1

Thus, the normalized values p/®"™ state the percentage or share of
importance a topic j has. These values are used as weighing factors.

b) The magnitude of the KPIs may vary considerably such that a simple sum-
mation using weighting factors would give undue priority to topics with
high KPI values (e.g., NPV) and override the user-chosen priorities p;. We
normalize the KPIs by using the maximum value of the KPI over all packages

(incl. standard and pre-/no renovation),

KPI™™ = KPl;,/max {KPI;y, k = 1,... #DRPs} € [0,1]

This value can be interpreted as how much (percentage) of the maximum
possible KPI value for the concerned topic j this package r achieves.

¢) Combining normalized priority values p/°"™ and normalized KPIs KPI;""™
over all topics of interest j, gives a score for each considered deep-reno-
vation package and the standard renovation r,

5
Score, = Zp}-“’rm - KPIY™ € [0,1]
=1

For the sake of clarity, this value is magnified by multiplying it with 10.
Observe that the calculation delivers correct scores only if all potentially considered
KPIs are positive and are valued similarly, e.g., low KPI values are better than high
values. For the energy KPI "Energy produced via PV system", higher values are con-
sidered better. If this KPI is chosen by the user, the above score calculation uses an
adjusted value instead,

KPIY™ =1 —KPI;, /max {KPlj,k = 1,...,#DRPs} € [0,1]

For the pre-/no renovation state, not all topics of interest are relevant (such as
many economics or building site management KPIs), and no score is calculated.

Example:
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Economic 3
issues
Energy 2

Environment 2

w

Building site
management
Comfort and 4
I1AQ

Total investment

cost [1000 €]
Global buildin

g

energy demand

heating [kWh]

CO;, emissions
heating [kg/year]
Renovation time

[hours]
CAT 1 PPM

The above-described procedure leads to

990.81

117 000

26 200

844.56

1060

1691.12

360 000

111 000

2207

4820

Economic issues 0.2143

Energy 0.1428
Environment 0.1428
Building site 0.2143
management

Comfort and IAQ 0.2857

0.5859
0.3171
0.2360
0.3827

0.2199

0.1256
0.0453
0.0337
0.0820

0.0628

Summing up over the last column and multiplying by 10, we obtain a score of 3.494

for that given DRP.
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4 Demonstration example

This section provides a step-by-step guide for using the ranking tool prototype

implementation together with the repository. The demonstration is based on a use

case for a multi-family house in the Netherlands.

4.1 Setting up the ranking tool

These steps are typically not necessary every time an analysis is to be carried out.

1.

Ensure that there exist repositories for the geoclusters and building arche-
types to be considered.

Ensure that these repositories have the structure and are named as descri-
bed in section 2.2.

Ensure that the repositories contain all relevant information (see section
2.2): descriptions of building archetype and renovation packages, values for
all KPIs, information on risk management for the technology choices, and
information on financial instruments for the geocluster.

Ensure that the repositories and the ranking tool prototype are located in
the same directory.

4.2 Starting an analysis — worksheet "Start"

1.

2.

Select the geocluster with reference country and the building archetype
closest to the case to be studied.

[ Marther (arway)
| single family

Geocluster & reference country
Building archetype

Check

Lele

Ve e e B W R

e N T ——

The user may check a detailed description of the chosen building archetype
for that geocluster through the button [Check building features].

~
Chack building festures

ster & reference country [ Marthern (Horway)
12 archetype | single family

yriorities for areas of interest KPI of interest

ic i [ Torsl investment cost 1]

[tpom 5
[2 -
[+

iment

This leads the user to a new worksheet "Building features”, see section 3.3.3.
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B C D

Building features - pre-renovation state

Back to "Start"

4
5 |Geocluster: Norway
3 |Building type: SFH
7
3
3
0 |Construction Period: 1955-1975
Reference Floor Area 225,00
1 |[heated area):
2 Volume [m3] 461,00
3 |Number of apartments 1,00
U window glazing 2,82
4 |[W/{m2K)]
Uwindow frame 21
5 |[w/{m2K])]
& | Uwall [W/{m2 K)] 0,444
7 |Envelope surface [m2] 198,00
8 \Uroof [W/{m2K)] 0,228
9 |Surface roof [m2] 82,5
‘0 |U basement [W/{m2K)] 2 229,00
1 |Surface basement [m2] 75,00
'2 |Current heating boiler Traditional Gas Boiler
Total Efficiency of the 0,67
'3 |current heating system
4

With the button [Back to "Start"], the user returns to the "Start" work sheet.

3. For each of the five topics, set priority or weight on a scale from 1 (low) to
5 (high).

User priorities for areas of intere KPI of interest '
) |Economic issues 1[low) A Total investment cast [[] -
| |Energy 2 A eating demand [k'whim2hy] -
! |Environment 4 - 02 emissians heating [kan] hd
} |Building site management 1[law) - ime on building zite [haurs] hd
1 |Comfort & Indoor Air Quality 5 [high) il prin_zoneZ_Catll [hourstyear] -

i
; | User specifications for construction pi
T |Cladding type Wentilated Facade with facade panels

o

-
} ' Mounting system Seaffolding - crane -
} |Removal of old facade cladding ‘Yes -
) |Anchoring type for prefabricated facade Facade mounted -
| |Roof insulation type Mormal insulation -
! |Distance from building site 50 - 260 km -

}

Select also — for each topic of interest — one main KPI for inclusion into the
score calculation and, hence, ranking. Appendix A in this note and work-
sheet "KPIs and descriptions" in the tool provide a detailed description of
each KPI.
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. -
of interest

) |Economic issues 1[low] - Taotal investment cast [[] -
| |Energy 2 - Heating demand [k him2ty] -
! |Environment 4 - 02 emissions heating [kgfy] -
1 |Building site management 1 [law) - Time on building site [hours] -
1 |Comfort & Indoor Air Quality 5 [high) hd pmu_zonez_Catll [hoursiyear] -
3
; | User specifications for construction process
7 Cladding type Ventilated facade with Facade pal -
3 |Mounting system Scalfolding + crane
3 |Removal of old facade cladding Yes -
) |Anchoring type for prefabricated facade Facade mounted -
| |Roof insulation type Mormal insulation -

Distance from building site 50 - 250 km -

3
3
i

4. Specify renovation-process characteristics for the user's project, see also

Appendix B in this note.

User priorities for areas of interest *

KPI of interest '

) |Economic issues 1 [low] - Total investment cost [1] -
| |Energy 2 - Heating demand [k him2dy] -
! Envirenment 4 A C02 emissions heating [katy] A
i |Building site management 1 low) - Time an building site [hours] -
1 |Comfort & Indoor Air Quality 5 [hi - pru_zoneZ_Catll [hoursiyear] -
3
3 'ons for construction process i
7 |Cladding fffoe Wentilated facade with Facade panels -
3 |Mountinggystem Scaftolding + crane hd
3 |[Removal of acade cladding ‘fes -
) |Anchoring type for agated facade Facade maunted
| |Roof insulation type

Distance from building site 50 - 250 km ;l

3
3
i

5. Run the analysis using the button [Run analysis].

E sk ildng ey

KPI of interest "

Total investment cost [[]
Heating demand [k irhim2fy]
02 emissians heating [kahy]
Time on bulding e fhours]
priw_zoned_Catll [hourstear]

| -

thfacade panels

LA Kl ERERED

Rl EAEHENENE]

4.3 Examining analysis results

[Com

ned score (max =10; lo

Econ
Ener

icissues
Heating demand

C02 emissions he

\ding site management | Time on building
omfort & Indoor Air Quality |pmy_zone2_Catll

Result details

Risk
management

Financial
instruments

Co

SFH_NO_ RP16ES1

Fre-/norene

SFH_NO_RP158S1
Percentage
o 20000, 00,

1. Once the analysis has been run, the ranking tool prototype displays various

results. On the main, "Start" worksheet, a summary is displayed on the right

hand side (see section 3.3.1): a table containing combined scores and values

for the selected KPIs for the identified five best deep-renovation packages
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TR
280 280

a7 [ EL) = 24508

Peroen SFH_NO_FP1esty_SFH_MO_RPI6ss]_SFHNG_FF
= or e (max=10; Io 3,55] 280 280
= st [ 0 Bl 3t 4508 [
Vi o054 wr 2 72 72
nvironmen oerd
i
s

zzzzz
Result details

o E & 2
s = =

The table shows also the percentage used for each KPI in the score calcu-
lation, based on the individual priorities stated by the user.

The button [Result details]
Results ove

Combined score (1
Economic issues.
Energy
Environment

o
vilding festures

Building site man
omfort & Indoor s

Result details SH_ND, RPa6:
SPH_NO_RP16E:

Pre-/no rer

management

SFH_ND_RPI6aE
SFH_ND_RPi68!

Financial s

instruments FereanE

brings the user to the worksheet "Result details" (section 3.3.4). This sheet
re-states information about the found packages (and the standard and pre-
/ no renovation cases) such as combined score and the five user-selected
KPIs. It then describes the relevant packages in terms of technology choices.
Then all KPIs for the packages are listed. Finally, detailed parameters used
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for determining the KPI values are provided and the user specifications of

the renovation process are repeated.
=

2
0 AL
sy a5
ne e
ol s
oz
T
e R
Exteanams
s Juazy ey
Ino jos-armone
o e
o e
raanis nescng saten - e puere

e
il

— = —
c : =

‘bmdm—-\ |~.m.,......|»....¢....u
ey

w2 2 ezsas
[ ol
| 725
a0l
L |
138.87) 40
s e
8 |
| “a
o e
fure 2emd
e e
[ e
[ e
w2 20
o ol
e nf 2254 0
orf w00
jorf =
m.00] 7o
5] e
0] =0
st ewe27|
5w znazmos|
‘et
w007 0] 2275053 221
30z5] 0
vz mitt
Laheate ek
2 oz = ogi 52 52
e DTV 07 i
et
Saturgien | Shadeg psiem
Cowstamaren ol o e | Smar scrmel
| dowertia o imamnal
[C T E T —
" Fresemos
ECD son c
e
 Fiasem
Evsearse Fisstomaast [#¥ system bt
. Fatareroe Pt For i o o o o L 9
Flacemens: Py
pracenant v
canbebathonthe
e e oc e e
- |Hesizums Hex g [Hestpurre e pume et e
=3lcoes coes coes (=228)
s mechacisal o mecharizal o mashanical o mechariza i mechanisa
vestiation g [wemtcn veritance vertaon
e s e pars scase et |fusste parwis | Facaepans

3. The button [Risk management]

-
SRR Combined score (1
Economic issues.
Energy
Enviranment
Building site man

Comfort & Indoor

Result details SH_ND, RPa6:

SFH_NO_RP168:

ere-fnarer
Risk
management
SPH_NO_RPl6at
SPH_ND AP6E:
standal
percenta

brings the user to the worksheet "Risk management" (see section 3.3.5),
listing examples for risk management and general advice for selected tech-
nology choices.
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Plug and play energy hub

Cost-effectiveness rating system

Prefabricated multifunctional facade

v 5 r
Risk management, examples:

Event / cause Possible outcome. Countermeasure Affected kPI

Element not fittingto  Compromized stabilityor QCof scanning / measuring LG

building funczion

Hidden moisture or
moisture damage
Inadequate design
process.

Decay, mould, other
damage

Low moisture safet
Iacking fire safery; air

Thorough survey LCC, Investment cost.

Integrated planning process,  Heating demand, cooling
including manufacturer and all demand, LCC

leakages special planners.
Inadequate planning /  Errors in mounting of Make and follow detailed Heating demand, cooling
site management elements plan for delivery, storage and  demand, LCC

maunting.

Failure to store
elements in dry and
protected conditions
Element damaged or
delayed in transport

Moisture damage, Lec

mechanical damage

Prepare for provisional
coverage.

General advice:

demolition and new building. Give attention to the timing of the deep

An integrated planning process is recommended — early inclusion of element manufacturer and builder in the.
planning process will allow their experience to be exploited and reducing risk of unnecessary redesign

Besureto i of plete b
Be consequent in the remediation of thermal bridges.
Forthe building process, the best resultwill be achieved without inhabitants in place

ing inthe planning process

Risk management, examples:
Event / cause Possible outcome. Countermeasure Affected kPl
DHW t00 hot scalding Limit temperatures at "end

-

Legionella spread Serious infection

4. The button [Financial instruments]

brings the user to the worksheet "Financial instruments

uilding features

Combined score (1
Economic issues.
Energy
Environment
Building site man
Comfort & Indoor

Result details SFH_ND 168!
SFH_ND_RP16E
Pre-fnarer
Rick
management

SFH_ND_RPI6aE

SFH_NO_RP168:
Standa

Financial

Percentag

instruments

A [ c
Back to"start”

Last update: 4pril 2020

nstitution/instrument explanation/example comment

enove htos /fvwarm nava. o

Hushenken htps:/fhusbanken no

Kemmuralbanien

Municigality jspecific programmes

| D42

(section 3.3.6).

4RinEU project | PAGE 39



Cost-effectiveness rating system | D4.2

5 Summary

One of the core pieces of the 4RinEU project is the development of a multi-criteria
ranking tool. It aims at guiding building owners and investors in the initial steps of
a potential deep-renovation project, helping them to find suitable technology
packages than conform with their individual preferences and priorities. These sug-
gestions for technical solutions can then be taken further, utilizing the expertise of
engineers and architects as well as comprehensive calculations. This way, deep-
renovation project plans can be developed step by step, tailored to the users' situ-
ation, actual building and technical requirements.

Within task 4.2 of the 4RinEU project, two prototype implementations of the ran-
king tool have been discussed and one version has been developed in the form of
MS Excel files, demonstrating the concept and basic ideas. It relies on input data
provided via a repository, also this in form of an MS Excel file. This technical note
accompanies the implementation, describing background and function as well as
how this work is interconnected with other tasks of the project. In particular, this
concerns task 2.1 (simulations and populating the repository with values for per-
formance indicators), task 3.3 (definition of deep-renovation packages), task 4.1
(identification of risk elements and their management), and task 4.5 (relevant fi-
nancial instruments). The technical note is also concerned with more technical de-
tails of the tool implementation such as the structure of the connected repository
and a step-by-step description of how an analysis may be carried out.

The development and implementation process in the 4RinEu project uncovered
challenges to be addressed on the way towards potential dissemination and com-
mercialization of the concept. An important aspect is the balance between general
applicability (e.g., using a few predefined building archetypes and technologies)
and sufficient relevance of the suggestions to the users (who are concerned with
real buildings and more tailor-made technologies). Also, to provide satisfactory
guidance, the tool should offer a large set of deep-renovation packages. For all
these packages, however, the repository needs to be populated with data that then
needs to be kept up to date in order to be transferable to new analyses. Currently,
much of this information relies on experience with the 4RinEU demo cases, si-
mulations and on knowledge gained from technology providers. Finding reliable
values is time consuming and can be challenging as costs are also part of the
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companies' "business secrets”. As many of the considered technologies are rather
innovative and new, a broadly spanning knowledge collection may prove to be
complex. Further development work should dedicate significant efforts also on in-
formation collection, quality assurance and updating. An option may be linking the
repository to widely recognized other data bases?* but neither for standard reno-
vation cases, sufficient information appears readily available. Another issue is the
variation in building and technical practices, accounting, regulations and other re-
quirements across the different geoclusters that needs to be accommodated in a

common repository and in the tool structure.

Further development for the ranking tool and the underlying repository may com-
prise a more direct connection of the tool with, e.g., the simulations via the repo-
sitory. This can provide more tailor-made KPI values such that the user can adjust,
e.g., building-archetype features to make them fit better with their actual building.
Then, the tool may calculate some values rather than read pre-calculated values
from the repository. This may, for example, be relevant for KPIs that are easily scal-
able (e.g., costs for air handling units whose number depends on the number of
apartments) or that can be adjusted to longer lifetimes or interest rates (e.g., NPV).
More or more detailed indicators may help to uncover the DRPs' potential for ener-
gy saving, peak shaving or the like by separating production and demand better.
The division of the KPIs into the five topics of interest may be replaced by a version
where the user can choose freely between all KPIs and assign priorities to them.
The displayed KPI values may also be compared against, e.g., current policies or
energy-saving requirements. However, this may pose similar challenges as for the
"Financial instruments" topic: often such policies or requirements are specific to
other features and contain more dimensions and conditions than handled by the
tool. They are prone to frequent changes and updates. It may also be challenging
to set simple numbers against which the renovation packages can be compared,
not at last since the tool refers only to generalized building archetypes. Possibilities
for the user to add more geocluster-specific information to see effects on various
technology set-ups may be worth-while to consider.

In a longer-term perspective, a more dynamic tool implementation is envisaged,
going from an Excel prototype over to a web-based application and connecting

4 The best tool currently available in Norway is the Holte cost database,
https://holte.no/en/, that is very well integrated with the total building process and BIM
world. It has also been combined with the Gabi data base in the FP7 EU project CILECCTA.
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the repository to either real-time simulations or established databases. Related
examples are, e.g., the web-based tools developed in the E2ReBuild5 and
CommONEnergy6 projects. Moreover, an implementation of the ranking tool as a
plug-in to other, already existing tools, enhancing their functionality may be as
viable as developing a stand-alone version. In either case, aspects such as
confidentiality, access rights or licensing should be discussed thoroughly, together
with viable business models for the ranking tool and the repository.

> http://era.empa.ch/faces/wizard.xhtml?faces-redirect=true
6

https://eeg.tuwien.ac.at/commonenergy_economic_assessment_tool/#page=input_group
1&reload=false
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A. KPIs with values stored in the repository

Topic and KPI name

Explanation

Energy

Total heating demand [kWh/year]

Yearly net energy demand for heating as calculated consi-
dering the boundaries set in Annex A of Deliverable 2.1
"Geoclusters and Building Archetypes"”

Total cooling demand [kWh/year]

Yearly net energy demand for cooling as calculated consi-
dering the boundaries set in Annex A of Deliverable 2.1
"Geoclusters and Building Archetypes"”

Heating demand per m? [kWh/m?/year]

Yearly net energy demand for heating as calculated consi-
dering the boundaries set in Annex A of Deliverable 2.1
"Geoclusters and Building Archetypes" and normalised ac-
cording to the heated building surface

Cooling demand per m? [kWh/m?/year]

Yearly net energy demand for cooling as calculated consi-
dering the boundaries set in Annex A of Deliverable 2.1
"Geoclusters and Building Archetypes" and normalised ac-
cording to the heated building surface

Heating consumption [kWh/y]

Yearly final energy consumption for heating as calculated
considering the boundaries set in Annex A of Deliverable

2.1 "Geoclusters and Building Archetypes" and normalised
according to the heated building surface

Heating consumption [kWh/m2/y]

Yearly final energy consumption for heating as calculated
considering the boundaries set in Annex A of Deliverable
2.1"Geoclusters and Building Archetypes" and normalised
according to the heated building surface

Primary energy heating [kWh/y]

Yearly final energy consumption for cooling as calculated
considering the boundaries set in Annex A of Deliverable
2.1 "Geoclusters and Building Archetypes"

Primary energy heating [kWh/m2/y]

Yearly primary energy consumption for heating as calcula-
ted considering the boundaries set in Annex A of Deliver-
able 2.1 "Geoclusters and Building Archetypes" and norma-
lised according to the heated building surface

Cooling consumption [kWh/y]

Yearly final energy consumption for cooling as calculated
considering the boundaries set in Annex A of Deliverable
2.1 "Geoclusters and Building Archetypes"

Cooling consumption [kWh/m?/y]

Yearly final energy consumption for cooling as calculated
considering the boundaries set in Annex A of Deliverable
2.1 "Geoclusters and Building Archetypes" and normalised
according to the heated building surface

DHW demand [kWh/year]

Yearly energy demand for Domestic Hot Water production

Ventilation consumption [kWh/y]

Final energy consumption for mechanical ventilation

Ceiling fan consumption [kWh/y]

Final energy consumption for the operation of the comfort
ceiling fans

PV power produced [kW/y]

Yearly energy produced by the photovoltaic system (if in-
stalled during renovation)

4RinEU project | PAGE 43




Cost-effectiveness rating system | D4.2

Environment

CO; emissions heating [kg/y]

Yearly CO; emissions for heating

CO; emissions cooling [kg/y]

Yearly CO; emissions for cooling

Comfort & IAQ

CAT_1_PPM [hours/year]

Number of hours in comfort category I (EN ISO 15251) ac-
cording to the CO; concentration calculated in a sample
room - number of hours in optimal indoor air quality condi-
tions

CAT_2_PPM [hours/year]

Number of hours in comfort category Il (EN ISO 15251) ac-
cording to the CO; concentration calculated in a sample
room - number of hours in acceptable indoor air quality
conditions

CAT_I_Adpt [hours/year]

Number of hours in comfort category I (EN ISO 15251) ac-
cording to the indoor temperature and relative humidity
conditions in summer period calculated in a sample room -
number of hours in optimal thermal comfort conditions
(evaluated in cooling period)

CAT_II_Adpt [hours/year]

Number of hours in comfort category Il (EN I1SO 15251) ac-
cording to the indoor temperature and relative humidity
conditions in summer period calculated in a sample room —
number of hours in acceptable thermal comfort conditions
(evaluated in cooling period)

pmv_zone2_Catl [hours/year]

Number of hours in comfort category I (EN ISO 15251) ac-
cording to the Predicted Mean Vote of the occupants du-
ring winter period calculated in a sample room — number of
hours in optimal thermal comfort conditions (evaluated in
heating period)

pmv_zone2_Catll [hours/year]

Number of hours in comfort category Il (EN I1SO 15251) ac-
cording to the Predicted Mean Vote of the occupants du-
ring winter period calculated in a sample room — number of
hours in acceptable thermal comfort conditions (evaluated
in heating period)

Economic issues

Total investment cost [€]

Investment costs related to technology and/or installation
works and materials on building site

Total investment cost, factor [€]

Investment costs related to technology and/or installation
works and materials on building site; adjusted using a
country-specific proportional cost factor

Approximated LCC 50 years [€]

Life Cycle Cost of the building calculated for 50 years after
renovation considering investment cost for the interventi-
ons, energy supply during operation and maintenance

Approximated LCC 50 years, factor [€]

Life Cycle Cost of the building calculated for 50 years after
renovation considering investment cost for the interventi-
ons, energy supply during operation and maintenance;

adjusted using a country-specific proportional cost factor

Building site management

Time on building site [hours]

Number of hours needed for the installation of 4RinEU
renovation packages - installation/mounting works
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B. Cost and time KPI evaluation

For each renovation package, estimations of the investment costs due to the use
of different technologies and time needed at the building site to perform the
retrofit have been provided.

The total cost of each renovation package has been calculated as the sum of:

(I the costs related to the integration of different technologies in the
package — this amount includes the material or device costs as well as
the assembly/integration and installation costs of the technologies
which are included in the renovation package.

(D)) the costs related to the choice of specific user preferences adopted du-
ring the retrofit intervention. These costs are mainly due to the time
needed at the building site to implement such chosen preferences. The
preferences are characteristics related to the renovation package and
the retrofit intervention in general. The tool user can define them de-
pending on their needs or just to compare different renovation scena-
rios. Their choice is not affecting the performance of the renovation
package but only influences costs and time of the renovation.

The estimation of the total time at the building site considers time for both instal-
ling specific technologies and performing activities specified in the user-preference
list.

In order to extend the analysis to different building typologies, it was necessary to
estimate the time and cost for most of the integrated technologies, normalizing
them per square meter of facade area. This normalization has been performed
using a reference facade area of 36 m? including three windows of 2.4 m? each.

Costs and times used for calculation come from different sources: concerning the
prefabricated facade integrations, assembly, transportation and installation, all
inputs have been estimated by 4RinEU partner Gumpp&Maier GmbH, thanks for
both calculations and well-founded experience in the construction field. For other
renovation activities and technologies, data have been taken from commercial
sources, technical sheets and building sector websites providing time and costs
estimations.

To take into account differences between European construction costs, proportionality cost factors have
been used to convert calculated costs (referring mainly to the German market) to other European
countries. The factors have been provided by the European Construction Cost (ECC)
(http://constructioncosts.eu/cost-index/) as reported in

Table 1. Here, reference costs are for the United Kingdom (100%).
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Table 1 Construction cost indexes throughout Europe (source http://constructioncosts.eu/cost-index/)

Country Construction Cost Index
Germany 96.62%
Norway 160.74%
Netherland 82%
Spain 70.52%
Hungary 53.24%
Ireland 79.18%
Poland 65.61%

In Table 2, the costs and installation time related to the technologies composing
the different renovation packages are reported.

Table 2 Technologies related costs

The costs refer to vertical
158.7 €/m? facade area and include
material and mounting.

ETICS retrofit (U=0.2
W/m?K)

Timber Prefabricated

Facade retrofit — good The costs refer to vertical

2
Facade thermal insulation 147.76 &/m facade area and include
(U=0.2 W/m?3K) prefabrication, material and
Timber Prefabricated mounting (costs for modules’
Facade retrofit — very external finishing are missing;
good thermal 162.35 €/m? refer to “cladding type” in
insulation (U=0.1 Table 3)
W/m?K)
Low E double glazin .
new windows ?U=1.Zg4 130 €/m? The e r'efer to W|nd9w
Window W/m2K) area and |nclude' material,
T aleming man - ; re.moval and mounting of new
dows (U=0.61 W/m2K) 300 €/m windows.
No roof insulation -
Standard roof The costs refer to roof area
insulation (U=0.15 153.69 €/m? and include material,
Roof insulation | W/m2K) preparation of the roof and
. : mounting of new
Timber prefabricated 172.46 €/m? insulation/timber prefab-

I ricated roof

No ground floor

insulation
Ground floor
. . . . The costs refer to basement
insulation Ground floor insulation 2 . .
retrofit 55 €/m area and include material,

preparation and mounting.

No shading system -

The costs refer to vertical

Shading system | Automated shading 2 facade area and include
62.03 €/m . :

system material, preparation and

mounting. The estimation
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~0.06 units per square meter
of vertical facade area and
considering ~50 m?/h as air
flow capacity of the unit.
The costs refer to vertical
facade area and include costs
0.017 h/m?% 2.02 | related to two workers at the
€/m? building site for the electrical
connection of the ventilation
systems
The costs refer to vertical
facade area and include costs
related to devices and air
ducts, as well as prefabrication
costs.
It has been estimated that a

305 €&/m? reasonable ACH in the
Centralized balanced building is reached using
AHU with heat ~0.004 units per square meter
recovery (only ducts of vertical facade area and
are facade integrated) considering ~600 m?/h as air

flow capacity of the unit.

The costs refer to vertical

facade area and include costs

0.39 h/m? 23.3 for two workers at the building
€/m? site for the electrical and

mechanical connections of the

ventilation systems.

In
Table 3, the times (and related derived costs) needed at the building site for im-
plementing each specific user preference are reported.

Table 3 User-preferences related costs and times

Ventilated facade with 147.58
timber cladding €/m?
Ventilated facade with The costs refer to vertical
253.55 .
facade panels (e.g,. &/m? facade area and include costs
Cladding type Trespa panels) related to the material and the
Rendered fagade (Plaster prefabrication within the facade.
facade on top of non- 106.53
combustible insulation €/m?
plaster board)
The costs refer to vertical
. 041 h/m? facade area and include the ‘
Lifting platform + crane 31.83 €/m? cost related to works at the buil-
Mounting system ’ ding site for the installation of
the prefabricated fagade.
Scaffolding + crane 0.27 h/m? | The costs refer to vertical
33.15 €¢/m” | facade area and include the
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cost related to works at the buil-
ding site for the installation of
the prefabricated fagade.

No removal -

The costs refer to vertical
facade area and include the
cost related to works at the buil-
ding site for the removal of old
facade cladding.
The costs refer to building
length and include the cost
related to works at the building
site for anchoring the prefabri-
0.25 h/m; | cated fagade at the bottom of
65.21 €/m | the building. This anchoring ty-
pe relies on using a steel beam
screwed to the existing building,
working as support for the new
prefabricated envelope.
The costs refer to building
length and include the cost
related to works at the building
site for anchoring the prefabri-
1.08 h/m; | cated fagade at the bottom of
425.46 €/m | the building. This anchoring
considers the construction of a
new concrete foundation for
supporting the new prefabri-
cated envelope.
The costs refer to vertical
facade area and include only
transport of the prefabricated
facade.
The costs refer to vertical
facade area and include
> 50 km & < 250 km 37.22 €/m? | transport of the prefabricated
facade and one overnight stay
for a worker.
The costs refer to vertical
facade area and include costs
for long-distance transport of
the prefabricated fagade, one
overnight stay for a worker and
a driver for the truck.

After estimating the initial investment cost for each renovation package and inter-
vention typology, an evaluation of the expenses' dues after a 50-year-long period
has been provided.

Removal of old

2.
facade cladding | Yes removal 0.15 h/m*

9.09 €/m?

Facade mounted

Anchoring type
for prefabricated
facade

New Foundation

< 50 km 12.6 €/m?

Distance from
building site

> 250 km 44.52 €/m?

Since performing a detailed Life Cycle Cost (LCC) analysis for each renovation
package would have been highly time-consuming, the final cost after the con-
sidered period has been calculated as a percentage of the initial investment cost.
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The proportionality factor has been chosen evaluating the result of a fully develo-
ped LCC analysis based on a reference example (see preliminary LCC analysis pre-
sented in 4RinEU Deliverable 2.2 "Prefabricated multifunctional fagade and techni-
cal booklet”, Chapter 6).

Therefore, it has been assumed that for a renovation performed in a standard way,
providing only external insulation and new windows, the expenditures after 50
years would be +88% with respect to the initial investment cost: this amount is
mainly due to the fact that, during that service time, the insulation would probably
undergo one substitution. In the case of retrofits performed with the prefabricated
facade approach, after the 50 years period, expenditures would amount to +13.3%
of the initial investment costs. This lower percentage is mainly related to the fact
that no relevant cost items are expected during the evaluated period, apart from
regular maintenance of the external fagade layer and integrated technologies.
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