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Abstract: Unlike other interventions for the improvement of energy efficiency, in the case of the
application of prefabricated elements in deep renovations, there is a certain lack of knowledge on the
part of potential clients or even technical staff. This article arises from this need, and its objective and
main result is the development and presentation of a tool to help in making decisions on whether
the industrialized building envelope kits in general and those of the H2020 INFINITE project are
applicable in each specific case.

Keywords: renovation; energy performance; renewable energy technologies; circular economy;
business models; BIM; digitalization; energy modeling

1. Introduction

The adoption of energy-efficient retrofit measures (EERMs) in residential buildings
is critical to support the development of national and pan-European policies aimed at
fostering the energy performance upgrade of the building stock [1].

Buildings are the key factor to transforming cities and contributing to recent European
energy efficiency objectives for 2030 and 2050. New buildings account for only 1–2%
annually [2].

Industrialized all-in-one building envelope kits for deep renovation are competitive,
reliable, and life-cycle-based. To be stakeholder-accepted and follow a sustainable approach
contributing to decarbonization of the EU building stock, a decision-making aid tool has
been conceived in the framework of INFINITE Horizon 2020 project.

INFINITE relies on an approach that combines digitalization and industrialisation
to offer high-quality, tailor-made, sustainable solutions designed to last, named “Renova-
tion4.0”.

INFINITE aims to develop five all-in-one industrialised envelope kits, designed to
cover near ZEB retrofit needs. The range of technologies available includes passive eco-
compatible and green envelope solutions, energy and fresh air distribution systems, smart
windows (smart glazing), building integrated photovoltaic systems (BIPV) and solar-
thermal generation systems (BIST).

The design of the kits is made easy by a multi-user BIM platform with a palette of
plugins dedicated to LCA/LCC, energy and comfort, and O&M.

To cover the wide parameter variability on technical and implementing conditions, a
segregation tool has been aimed to cover the variation in the building stock and identify
limiting parameters. This process allowed us to understand which buildings typologies fit
better with the industrialised approach and favour the penetration of industrialization in
the market.
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2. Methodology

So far, analysis of the building stock has been done mainly from the point of view of
energy efficiency, but industrialization can address more than one concept at a time.

EERMs that were identified as the top ten highest ranked were mostly related to the
building envelope (i.e., Maintenance_Wall, Maintenance_Envelope + New _EnergyGenera-
tion, Upgrade_Wall, Maintenance_Roof, Maintenance_Envelope + Upgrade_ EnergyGen-
eration, New element_EnergyGeneration, New element_EnergyStorage, Upgrade_Roof,
Upgrade_Envelope + New _EnergyGeneration, and New element_Ventilation). This find-
ing can be attributed to the idea that actions to the building envelope addresses another
relevant concern to building and dwelling owners, which is the aspect or appearance of
the building and not necessarily cost-effective EE actions [1].

It is important to identify the factors affecting this new process to map and view future
markets and needs from the supply and demand point of view. It is crucial to go further in
the characterization of the building stock.

To identify the specific needs for the industrialised envelope kits, the previous expe-
riences at a European level in the characterization of the residential building stock were
studied. It is considered necessary in the first place to scan: TABULA [3], FP7 Inspire [4],
H2020 4RinEU [5], H2020 MORE-CONNECT [3] and PLURAL.

2.1. Decision-Making Aid Tool Development

Once the previous experiences are scanned, the development of this decision-making
aid tool is considered a viable solution to the need for decision support in the renovation
of the building stock, in which some variability is observed, leading to uncertainty in the
definition of the envelope solutions.

The tool, to be called the “Decision Tree Tool”, is primarily intended to be able to tell
anyone answering a few questions whether INFINITE prefabricated kits/solutions are
applicable to their building or dwelling and secondarily to help the digital transformation
of the construction industry, increasing its efficiency and improving its quality [6].

The methodology followed for the elaboration of the tool was structured in three
phases:

1. Identification of the characteristics of buildings that affect the design and installation
of industrialised elements.

2. Definition and classification of the building stock features to be considered.
3. Development of the decision-making aid tool.

2.2. Identification of the Characteristics of Buildings That Affect the Design and Installation of
Industrialized Elements

The first step was the identification of the building characteristics affecting the fea-
sibility of the use of an industrialised approach in the building renovation was carried
out using the Delphi method [7], a forecasting process framework based on the results of
multiple rounds of questionnaires sent to a panel of experts.

The panel of experts was constituted of those partners who participate in the design
or exploitation of any of the products involved in the INFINITE framework, as they were
considered representative of the different industrialized solutions applicable to the field of
building renovation.

Partners were offered a list of the building parameters and they must order them
considering their opinion on which affected the design of the industrialised envelope kits.

In this case, two rounds of questionnaires were sent out to the group of experts, and
the anonymous responses were aggregated and shared with the group after each of the two
rounds. The experts were allowed to adjust their answers, based on the “group response”.

2.3. Definition and Classification of the Building Stock Features to Be Considered

Based on the results of the Delphi method, the characteristics selected by the panel of
experts were classified in the order of importance given by the panel of experts.
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Based on the results obtained, two strategies were designed to present the data
obtained in a useful way.

On the one hand, it was concluded that the representation of said information on
a map using GIS technology would be more adequate allowing the incorporation of the
data at different scales. The development of an interactive market potential map where
the demand and the offer would be connected. In this regard, each of the characteristics
identified was analyzed to figure out if it would be possible to obtain such data at the
European or national level from dynamic and official sources to make incorporating such
information in a GIS map feasible.

On the other hand, and this being the issue at stake here, given that the information
collected included those characteristics of the buildings and their surroundings that in-
fluence industrialized renovation systems, it was proposed to develop a decision-making
aid tool aimed at future clients that consists of an itinerary of questions that leads to an
orientation regarding the type of system that is most suitable for each client.

2.4. Development of the Decision-Making Aid Tool

The development of a decision-making tool was proposed as a useful result to help
the demand side (users and designers) to figure out if industrialized solutions are feasible
for their specific situation. The steps followed to make the tool were:

• Analysis of the parameters listed in the two previous rounds of the Delphi method
and elaboration of a set of questions to obtain the key information.

• Preparation of specific technical questionnaires for each technical solution, selecting
the key questions based on the conclusions of the Delphi method.

• Specific technical questionnaires per solution and adjusted to the features of each
technical system were proposed among the industrial partners/technical providers
to identify the feasibility of their solutions based on the different parameters studied
previously, to find out under what circumstances their solution would not be viable.

Once the answers to the technical questionnaires were collected, then a process of
analysis of the answers to better understand each of the kits and identification of the limiting
parameters that prevent the viability of the system was run to help the development of the
draft of the tool. After that, the draft was sent to partners for supervision.

3. Results

After all the processes detailed above, a series of results are extracted from each of the
previous steps.

3.1. Delphi Method

Due to the type of characteristics highlighted by the experts, as well as to the dispersion
in relation to the importance of each parameter among the different products studied, it
was concluded that was impossible to represent the information in a matrix format, as the
matrix was the format thought of as the best one before carrying out the analysis.

3.2. Technical Questionnaires

As a result of the questionnaires proposed among the technical partners, it was
possible to refine the really limiting criteria of each system or kit, since despite being
questionnaires based on the group results of the Delphi method, the content was technically
adapted to each of the systems individually. That is to say, in the kits in which some of the
characteristics were not relevant, for example, the incidence of the sun, questions related to
this aspect were not included, so the answers were more specific or natural to the kit to be
developed.

3.3. Decision-Making Aid Tool

The current result of the tool is a programmed spreadsheet that can indicate to anyone
who answers a set of questions if the different solutions are applicable to their specific
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building/dwelling and to find out under what circumstances their solution would not be
viable.

This tool is intended for end users (owners, investors, designers...), hence the type
and specification of the questions and a language that is as simple and understandable as
possible.

The way to use the tool is to answer the questions strictly following the order proposed
(from the top to the bottom), as depending on the choice, some of the questions disappear.
So, after answering all the questions that come up, the possible kits to be installed are
shown. An extract of the questions and answers is shown in Table 1.

Table 1. Extract of the programmed spreadsheet.

Questions to Be Asked to the Users (e.g.,:
Final Users) Answers

Is it residential use or another type of use:
commercial, administrative, educational . . . ? Residential

What type of user are you? Owner/representative of a building

Does the building have any kind of
patrimonial/cultural protection? Yes

Does the sun affect your façade during the day?
(e.g.,: rays of sun enter through the windows) Yes

Are there restrictions on the use of water in
your area? (e.g.,: limited use of liters per day) No

Since this work is part of an ongoing research project, the final image of the tool
will be presented after a future web development process to make it user-friendly and
modular to add other supporting functionalities that may arise during the development of
the European INFINITE project.

4. Conclusions

Since the final objective was to favour the penetration of industrialization in the market,
after the study and analysis of the previous parameters for the realization of the tool, and
its subsequent development and digitalisation following the exposed methodology, several
things can be concluded:

• The application of prefabricated systems in the renovation of existing buildings, as
opposed to new buildings or other types of energy efficient renovations, depends on a
wide range of parameters.

• This wide variability of features presents great difficulty in reproducing a functional
closed matrix.

• The local regulations applicable in each country make it difficult to homogenize
selection and decision-making patterns.

• The product range, according to the use of the tool, could grow and specialize depend-
ing on the area and demand. To this end, the tool will be adapted and made more
flexible to accommodate the largest number of prefabricated systems.

Therefore, with this decision-making aid tool, a standardized protocol can be proposed
that overcomes the uncertainty generated by the interregional scenario of the population
consulted, minimizing the deviation of the results obtained and homogenizing a question–
answer relationship (QAR) structure of the sources consulted.

As part of ongoing research, the next steps to follow will be to develop a GIS map
crossing demand and offer drawn up with the available data. This would identify where
the demand for such systems is highest and identify potential markets where they could be
implemented faster. This also encourages their development and continuous improvement.
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Future research could focus on the definition of different building archetypes that also
help the demand side (users and designers) to figure out if the industrialized all-in-one
building envelope kits are feasible for their specific dwelling or building.

Data Availability Statement: Data available in a publicly accessible repository that does not issue
DOIs. Publicly available datasets were analyzed in this study. This data can be found here: https:
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solutions-database/building-stock-statistics/ (accessed on 8 October 2021); https://www.more-
connect.eu/wp-content/uploads/2019/07/MORE-CONNECT_WP2_D2.1-Initil-performance-criteria.
pdf (accessed on 8 October 2021); https://4rineu.eu/reports/ (accessed on 8 October 2021).
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