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Booxk DESCRIPTION

The world’s extant building stock accounts for a significant portion of
worldwide energy consumption and greenhouse gas emissions. In 2020,
buildings and construction accounted for 36% of global final energy con-
sumption and 37% of energy-related CO, emissions. The European Union
(EU) estimates that up to 75% of the EU’s existing building stock has
poor energy performance, 85-95% of which will still be in use in 2050.

To meet the goals of the Paris Agreement on Climate Change will require
a transformation of construction processes and deep renovation of the
extant building stock. The World Economic Forum, World Business Council
for Sustainable Development, and the European Commission are amongst
the many global organisations that recognise the important role ICTs can
play in construction, renovation, and maintenance, as well as supporting the
incentivisation and financing of deep renovation. Technologies such as sen-
sors, big data analytics and machine learning, building information model-
ling (BIM), digital twinning, simulation, robots, cobots and unmanned
autonomous vehicles (UAVs), additive manufacturing, smart contracts, and
the Internet of Things are transforming the deep renovation process,
improving sustainability performance, and developing new services and
markets.

This book defines a deep renovation digital ecosystem for the twenty-
first century, providing a state-of-the art review of current literature, sug-
gesting avenues for new research, and offering perspectives from business,
technology, and industry.
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CHAPTER 1

Deep Renovation: Definitions, Drivers
and Barriers

Theo Lynn, Pierangelo Rosati, and Antonia Egli

Abstract This chapter defines the key elements of the deep renovation life
cycle. Investment in deep renovation is driven by various rationales,
including societal, economic, environmental, energy security, quality,
opportunistic, and catalytic motivations and benefits. At the same time,
both deep renovation and digital technology adoption to support deep
renovation are impacted by challenges presented in humans, organisa-
tional processes, technologies and external environments. This chapter
explores the key drivers and barriers to deep renovation and associated
digitalisation. It establishes the motivation for the remainder of the book.
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Keywords Deep renovation ® Energy efficiency ® Residential buildings
e Renovation life cycle ® Adoption e Barriers to adoption

1.1 INTRODUCTION

The 2022 Intergovernmental Panel on Climate Change (IPCC) assessment
suggests that climate-resilient development is already challenging at current
warming levels and that the window for action to address climate change is
narrowing. Restricting warming to around 2°C (3.6°F) still requires global
greenhouse gas (GHG) emissions to peak before 2025 at the latest and be
reduced by a quarter by 2030 (IPCC, 2022). This is a significant challenge.
In the words of UN Secretary-General Anténio Guterres, “the climate
emergency is a race we are losing, but it is a race we can win” (UN, 2019).

The European Union (EU) is not sitting idle. As part of the European
Green Deal, the EU has raised its ambition to reduce GHG emissions by
2030 from its previous target of 40% to at least 55% below 1990 levels, as
well as increasing the share of renewable energy by 32%, and improving
energy efficiency by 32.5% (European Commission, 2022). The renova-
tion of EU building stock is particularly critical in supporting these goals.
Buildings are among the most significant sources of energy use within the
EU: existing structures currently account for 40% of all energy consump-
tion and 36% of GHG emissions (European Commission, 2020a). In par-
ticular, it is estimated that over 75% of the EU’s residential building stock
has poor energy performance, the majority of which will be still in use by
2050 (European Commission, 2021a). To meet its climate change goals,
the EU seeks to achieve a decarbonised EU building stock by 2050. To
achieve this, it has recently put in place measures to consolidate its existing
goals, encourage the use of digital technologies and smart applications in
building operations, and strengthen the links between achieving higher
renovation rates, funding and energy performance certification (European
Commission, 2021a). Deep renovation is key to achieving this goal.

The remainder of this chapter will explore narrow and broad definitions
of deep renovation including the rationales for undertaking deep renova-
tion. Recent research by Lynn et al. (2021) suggests such rationales not
merely are related to environmental sustainability but include a wide range
of different stakeholder motivations including economic, energy security
and opportunistic rationales, amongst others. Notwithstanding these
rationales, the widespread deep renovation of building stock, particularly
in a constrained time frame, faces significant barriers not least human,
organisational, technological and environment context challenges. We
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discuss how these barriers may surface across the life cycle of a deep reno-
vation project. Advances in technologies, not least information and com-
munications technologies (ICTs), are central to accelerating the renovation
life cycle and overcoming the existing barriers to deep renovation. We
conclude with a summary of the remainder of this book which looks at the
main digital innovations disrupting and transforming the construc-
tion sector.

1.2  DEeer RENOVATION

“Deep renovation” has become somewhat of a buzzword in recent years,
albeit an obscure one. There remains little consensus on the term’s defini-
tion and, although widely adopted in academia, industry and legislation,
definitions vary significantly on local, regional and international levels
(Shnapp et al., 2013). While deep renovation (sometimes referred to as
deep energy renovation, deep retrofit or deep refurbishment) may be
defined simply as renovation efforts which capture the “full economic
energy efficiency potential of improvement works [...] of existing build-
ings” and lead to high energy performance levels (Shnapp et al., 2013),
the core concept of deep renovation is categorised into broad and narrow
definitions:

® Broad, referring to the use of different simultaneous building enve-
lope and installation system renovation measures into one integrated
strategy across the entire building life cycle (Agliardi et al., 2018);

* Narrow, relating to performance levels of refurbishments that reduce
building energy consumption by a significant proportion to energy
levels observed before renovation works began (Sibileau etal., 2021).

Dragostino et al. (2017) take a more quantitative approach, categoris-
ing deep renovation efforts by performance impact as presented in
Table 1.1. This offers a relative numeric classification of deep renovation
efforts, although an exact quantitative reference value for deep renovation
energy reductions remains unavailable (D’Oca et al., 2018).

Deep renovation involves the use of multiple energy-saving measures.
Bruel et al. (2013) summarise these measures as (1) energy-efficient build-
ing elements such as windows, heating, ventilation and air conditioning
(HVAC), air filtration, lighting and appliances; (2) renewable energy
sources like solar hot water, solar photovoltaic (PV) panels, passive solar
energy, shading, wind, heat pumps, biomass and biogas; and (3)
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Table 1.1 Categorisations of deep renovation measures

Deep renovation Description

class

Minor Reduces final energy consumption levels by up to 30% by
implementing one to three improvement measures and costing an
average of 60 €/m2

Moderate Involves more than three improvements to existing buildings
resulting in energy reductions of 30-60%

Deep Enabled through high-grade improvements that result in energy
savings ranging between 60% and 90% and costing between 140 and
330 €/m2

Major Covers renovation works on more than 25% of the building envelope
and costs more than 25% of the value of the existing building

Nearly Zero Results in buildings which perform significantly better in energy use

Energy Buildings  (with +90% of improved final energy saving) and rely on renewable

(NZEP) energy sources (RES) ideally produced within or near the building
itself

community energy sources such as district heating systems. Each of these
measures alone improves energy performance in buildings and may be
employed in combination with traditional technology and construction
solutions (D’Oca et al., 2018). However, deep renovation is distinct from
other energy-efficient retrofits in that these elements become fully inte-
grated within the renovation process.

1.3 RATIONALES AND BENEFITS OF DEEP RENOVATION

In 2018, EU renovation rates barely exceeded 1% and were significantly
below the objectives set in the Energy Efficiency Directive (Directive
2012/27/EU) and the revised Energy Performance Building Directive
(Directive 2018,/844). Only 11% of the EU building stock undergoes
renovation on a yearly basis (European Commission, 2021a). Reaching
the 2030 and 2050 goals requires a significant acceleration and greater
understanding of what drives stakeholders to adopt and implement a deep
renovation strategy. An attempt at this is made in Table 1.2.

Aside from advancing building quality and area net-worth in compari-
son to other buildings through state-of-the-art aesthetic, safe and easy-to-
use building elements, deep renovation reinforces economic stimuli in the
form of employment and reduced reliance on international energy imports
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Table 1.2  Stakeholder rationales towards adopting deep renovation practices

Stakeholder group

Description

Rationale towards adopting
deep renovation practices

Energy solutions
and construction

Develop and market (1)
technologies that support and

Aim to improve, extend or
complement existing product

or service offerings in a
cost-effective way, increase
competitiveness through

technology
providers, and
independent

deliver residential deep renovation
projects and (2) software solutions
for building information modelling,

software vendors
(ISVs)

Housing
development and
construction
companies

Architects

Construction
finance companies
and crowdfunding
platforms

deep renovation process
management, building and
infrastructure management and
maintenance, and/or related
technology management

Buy, license and use technologies

and systems developed by third
parties to deliver high energy
performance

Design and plan the renovation and
construction of built environments

while using a variety of software

tools and related databases to model

and design built environment
projects

Provide capital to construction

companies for financing projects,
possibly from alternative sources of

capital such as crowdfunding
platforms

value-added products and
services, and generate
incremental revenues with
comparatively little upfront
R&D investment

Aim to differentiate
themselves from competitors
by providing superior services
and buildings and generating
more profit from these
projects while delivering
better performance and value
for their clients

Require specific skills, tools
and knowledge for gathering
environmental and cultural
considerations, both pre- and
post-occupancy, as well as
implementing specific
sustainable designs and smart
technologies

Traditional sources of capital
cannot fully meet the
financial demand of deep
renovation works and are
oftentimes constrained by
regulation. Deep renovation
crowdfunding may offer
faster, transparent and more
secure options for all
stakeholders

(continued)
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Table 1.2 (continued)

Stakeholder group

Description

Rationale towards adopting
deep renovation practices

Building owners

Occupants

Research centres
and projects

Investors and
licensors

Own and manage residential
buildings

Reside in the building in question,
often during the course of
renovation works

Attract government and industry
funding to carry out research on
existing renovation solutions, the
cconomic and business impacts of
novel solutions, or the industry
adoption of novel technologies and
processes

Invest or license technology and
other research outputs for
commercial purposes

Aim to renovate their
building stock cost efficiently
while minimising disturbance
to occupants and overall
renovation time

Aim to increase energy
efficiency and environmental
performance to meet or
exceed national standards,
meet domestic or European
policy goals, maximise
occupant satisfaction and
ultimately increase the value
of the property

Require renovation solutions
which offer the best value for
money in the form of
long-term energy
performance. Sometimes,
reducing environmental
impact and meeting or
exceeding international
standards for energy
performance is a priority
Focus on specific elements of
the (deep) renovation life
cycle as a research field and,
in doing so, operate within
pre-defined boundaries and
aim to influence a large
number of stakeholders

Aim to differentiate
themselves from competitors
by providing superior,
better-performing
technologies to their clients

(continued)
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Table 1.2 (continued)

Stakeholder group — Description Rationale towards adopting
deep renovation practices

EU institutions, Formulate or influence policy in EU  Are driven by set national and
policymakers, and  institutions and national and local international climate targets
funding and government and include regulators, and, in an effort to reach
standardisation international bodies and other these targets, regulate and
bodies political bodies secure funding for the

advancement of deep
renovation projects

Media and industry  Create content to influence Disseminate content
analysts stakeholders and possibly perform surrounding the latest
primary and secondary market developments and
research within an industry such as  technologies in renovation
information technology and and construction industries
telecommunications with a growing interest in

sustainable and energy-
efficient practices

(Jochem & Madlener, 2003; Back & Park, 2012; Bruel et al., 2013;
Ferreira & Almeida, 2015; D’Oca et al., 2018; European Commission,
2020). Currently, approximately 34 million Europeans are impacted by
energy poverty or the inability to afford adequate heating or lighting
(European Commission, 2020b). As such, deep renovation supports citi-
zens in participating in a greener society first-hand while simultaneously
improving energy security, health and accessibility for society’s most vul-
nerable citizens (Baek & Park, 2012; Bruel et al., 2013; Ferreira &
Almeida, 2015; European Commission, 2020). Deep renovation works
lastly deliver improved consumer service on public, community and com-
mercial levels (Jochem & Madlener, 2003; Back & Park, 2012; Guerra-
Santin et al., 2017; Klumbyte et al., 2020).

If properly integrated, deep renovation efforts create resilient and green
living spaces while promoting high energy performance and lower waste
and pollution levels (Baek & Park, 2012; Bruel et al., 2013; Ferreira &
Almeida, 2015; Haase et al., 2020). From a wider perspective, such efforts
lead to improved quality of life for building occupants, increased revenues
and decreased technological and operational costs through superior prod-
ucts and services, improved security, quality and control over full project
life cycles, and more durable buildings in the long term (Mainali et al.,
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2021). Perhaps most importantly, deep renovation may positively influ-
ence public attitudes towards climate change mitigation works, substitute
existing, climate-damaging methods in the traditionally conservative con-
struction sector and improve the uptake of novel and existing ClimateTech
and CleanTech measures (Baek & Park, 2012; Mainali et al., 2021).

1.4  BARRIERS TO DEEP RENOVATION

Prior literature presents an extensive range of theoretical lenses by which
to explore technology adoption and use, typically from an adopter-centred
or innovation or organisation-centred perspective. These lenses are sum-
marised in Table 1.3.

Table 1.3 Theoretical overview of technology adoption and use

Perspective Theory Description Source(s)

Adopter- Theory of Posits that human behaviour is Fishbein and

centred Reasoned Action  determined by intention, whichin ~ Ajzen (1977)
(TRA) turn is influenced by attitude

(towards the behaviour) and

subjective social norms (e.g.,

normative beliefs, demographic

variables and personality traits)
Adopter- Theory of Planned An extension of TRA in that it Ajzen (1991)
centred Behaviour (TPB)  includes the element of perceived

behavioural control, that is,

facilitating or impeding factors

which influence the performance of

a behaviour in question

Adopter- Technology Reflects elements of TRA, but Davis (1985,
centred Acceptance Model = specifically concerns levels of 1989)
(TAM) acceptance across end-user

computing technologies including
perceived usefulness and perceived

case of use
Adopter- Unified Theory of Defines determinants of user Venkatesh
centred Technology acceptance and usage behaviour et al. (2003);
Acceptance and based on performance expectancy,  Venkatesh

Use (UTAUT) effort expectancy, social influence etal. (2012)
and facilitating conditions

(continued)
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Table 1.3 (continued)

Perspective Theory Description Source(s)
Innovation or  Diffusion of Includes constructs like relative Rogers
organisation-  Innovation (DOI) advantage, ease of use, image, (1995, 2003)
centred visibility, compatibility, results

demonstrability and voluntariness of
use to define individual technology

acceptance
Innovation or ~ Technology- Identifies the degree to which Tornatzky
organisation-  Organisation- technological, organisational and and Fleischer
centred Environment environmental aspects influence the  (1990)

(TOE) Framework process of adopting and
implementing a technological
innovation

Innovation or ~ Human- Used to evaluate information Yusof et al.
organisation-  Organisation- systems based on human (i.e., user  (2008)
centred Technology Fit satisfaction and system use),

(HOT-fit) technological (i.e., system,

information and service quality) and
organisational (i.e., environment
and structure) dimensions

Although the individual arguments for shortcomings in acceptance
towards deep renovation measures lie beyond the scope of this chapter, it
is worth noting that the success of deep renovation efforts is impacted by
adopter-centred factors, technology-related factors, organisational factors
and external environmental factors. The following sections elaborate on
these potential reasons for failure.

1.4.1  Human Barviers to Deep Renovation Adoption and Use

Barriers to accepting, supporting and adopting climate-friendly technolo-
gies and practices in buildings are manifold. Hesitancy can be traced back
to restrictive social norms and household characteristics, short-termism
and lack of clarity surrounding the negative consequences of climate
change, as well as inadequate knowledge or reservations about the exis-
tence or use of new technologies (Van Raaij & Verhallen, 1983; Curtis
et al., 1984; Scott, 1997; Abrahamse et al., 2005; Organisation for
Economic Co-operation and Development, 2011; Mills & Schleich, 2012;
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Huebner et al., 2013; Giraudet, 2020). Demographics such as age, educa-
tion, household composition and geographical location have equally been
shown to affect the adoption of energy efficiency technologies. For exam-
ple, Mills and Schleich (2012) find that families with young children
(unlike elderly household members) are more likely to adopt energy-
efficient technologies, as are those with higher education levels.
Interestingly, data suggests a high degree of country heterogeneity with
respect to adoption, use and attitudes towards household energy-efficient
technologies and energy conservation practices (Mills & Schleich, 2012).

In their ethnographic study of the occupants and users of a multi-
dwelling residential building in Italy, Prati et al. (2020) find that enhanced
quality of life and long-term financial savings were the primary motivators
for accepting and supporting deep renovation projects for tenants.
However, the economic burden does not fall on tenants, suggesting a
need for a multi-stakeholder approach to deep renovation projects particu-
larly where there is a divergence in ownership and occupancy. While levels
of normative legitimacy may be relatively high amongst tenants (consider-
ing the largely accepted moral obligation of preserving the environment),
pragmatic legitimacy may be restrained by conflicts between building
owners’ self-interest, perceived utility, and financial and time requirements
of renovation works. Research suggests that barriers influencing the self-
interest and utility involved in deep renovation measures include occupant
disturbance and a lack of awareness, understanding and trust in deep reno-
vation and new technologies (D’Oca et al., 2018; Prati et al., 2020;
European Commission, 2020). Further individual adopter factors include
performance expectancy, effort expectancy and social influence (Fishbein
& Ajzen, 1977; Ajzen, 1991; Davis, 1985, 1989; Venkatesh et al.,
2003, 2012).

Psychological (and oftentimes geographical) distance to the climate cri-
sis is a key barrier amongst consumers in mitigating the effects of climate
change and maintaining pro-environmental behaviours (Spence et al.,
2012). In one scenario, this may result in building owners and occupants
failing to adopt energy management measures in an individual building
and within the context of that building’s location and climate. As a conse-
quence, this usually leads to unnecessarily high energy and emissions levels
(Jochem & Madlener, 2003). In this context, short-termism has had a
particularly negative impact on the adoption of deep renovation projects.
For example, there is a substantial literature base which acknowledges that
the adoption of energy-efficient measures is related to cost (Curtis et al.,
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1984; Abrahamse et al., 2005; Organisation for Economic Co-operation
and Development, 2011). Consumers are more likely to adopt low-cost or
no-cost measures much unlike deep renovation projects. As Mills and
Schleich (2012) note, such behavioural changes may only have transitory
effects, while energy savings resulting from technology adoption tend to
have more long-term effects. Consequently, although the adoption of
energy-efficient technologies can have a significant impact on the wider
environment, it does not necessarily compensate energy savers and thus
presents a significant challenge in persuading the public to act (Mills &
Schleich, 2012). Particularly in the context of multi-dwelling residential
buildings, this may cause mismatches between individual needs and beliefs
and those of the wider collective (D’Oca et al., 2018).

Notably, solution aversion to climate-friendly measures, which occurs
when problems are ignored due to dissatisfaction with proposed solutions,
may also impact openness towards deep renovation efforts (Campbell &
Kay, 2014). Tangible solution aversion in particular applies to the deep
renovation context. Poortinga et al. (2004), for example, warn that envi-
ronmental attitudes may be too limited in explaining environmental
behaviour and related technology adoption—particularly because address-
ing climate change results in tangible lifestyle changes for building occu-
pants. For this reason, deep renovation solutions must pay attention to
promoting the cost of non-action and life-quality benefits in ways that can
be received by different audiences in different climate and building-type
contexts.

1.4.2  Technological Barriers to Deep Renovation
Adoption and Use

Technology-related adoption factors include, amongst others, innovation
characteristics, availability, ease of use, compatibility, results demonstrabil-
ity and quality-driven factors (Tornatzky & Fleischer, 1990; Rogers, 1995,
2003; Yusofetal., 2008). Key focus points over previous years have shifted
from the technical suitability of deep renovation technologies primarily to
the integration of energy-saving technologies throughout deep renova-
tion projects (D’Oca et al., 2018). This includes building envelopes,
HVAC systems and RES-powered systems (D’Oca et al., 2018). Today,
the main technological challenge to deep renovation lies in the complexity
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associated with integrating technically viable, context-appropriate tech-
nologies according to desired outcomes and regulatory standards (Attia
et al., 2017). Because of this, one could posit that meeting standards of
deep renovation requirements, for example, the Passive House Standard,
is less a matter of the technological state of the art, but rather technical
awareness, availability and know-how (Innovate UK, 2013; De Gaetani
etal., 2020). In its worst case, a lack thereof can lead to missed opportuni-
ties, inadequate performance and dissatisfaction with deep renovation as a
concept.

The issue of integrating technologies into the building renovation pro-
cess becomes particularly complex when one considers the abundance of
domains, stakeholders and outbound dependencies to systems, regula-
tions and geographical characteristics related to the deep renovation pro-
cess. This is an issue of interoperability, that is, “the ability of two or more
systems or components to exchange information and to use the informa-
tion that has been exchanged” (ISO, 2013). The definition of interoper-
ability has morphed somewhat over time, initially used to describe “a
feature of information systems that enabled information exchange” to any
system which is able to collaborate with another system (Turk, 2020). Its
value becomes evident in enabled communication, coordination, coopera-
tion, collaboration and distribution (Grilo & Jardim-Goncalves, 2010).
Unfortunately, the range of heterogeneous applications and systems used
by different stakeholders varies across the project life cycle. An example of
this is Building Information Modelling (BIM), which presents a plethora
of varying software tools designed for energy simulation, planning and
management (El Asmi et al., 2015; Arayici et al., 2018). Lacking interop-
erability (particularly when combined with the dynamic nature of con-
struction projects) becomes an issue in that data flows and value generation
are negatively affected by data mismatches, data quality issues and incon-
sistent sector standards and processes (Curry et al., 2013; Arayici et al.,
2018; Shirowzhan et al., 2020). While interoperability with other systems,
for example, Geographic Information System (GIS) and Augmented
Reality (AR)/Virtual Reality (VR), has been increasingly prioritised,
knowledge and practice gaps for integrating stateof-art technologies
remain (Shirowzhan et al., 2020).

This is not to say that the technological status quo does not face quality
or performance issues in itself (Attia et al., 2017). Primarily the adoption
and use of software- or cloud-enabled solutions is inflicted by poor on-site
connectivity and latency, lack of integration across supply chains,
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inconsistent data flows and inadequate worker skills (Almaatouk et al.,
2016; Bello et al., 2020). A further by-product of the Internet of Things
or smart or otherwise connected products is copious volumes of data—all
originating from end points with varying capabilities, connectivity levels,
requirements and priorities. Due to the idiosyncrasies of individual build-
ings and living spaces, owners and occupiers, and the environment in
which they are located, this requires taking into account both local and
more global considerations (Venkatesh, 2008).

1.4.3  Organisational Barviers to Deep Renovation
Adoption and Use

Organisation-related barriers to deep renovation include organisation size
and structure, adequacy of resources, top management support and per-
ceived indirect benefits (Tornatzky & Fleischer, 1990; Rogers, 1995,
2003; Yusof et al., 2008). Because of the multi-stakeholder nature of deep
renovation projects, existing resources, technical competencies and inno-
vation levels amongst management and operational teams vary and must
be considered (Yusof et al., 2008). Resource allocation, financial invest-
ment and employee competency all have the potential to hinder deep
renovation uptake. For example, research finds that inadequately trained
professionals and construction workers within the realm of energy effi-
ciency present a significant barrier to project success (Innovate UK, 2013;
Attia et al.; 2017; D’Oca et al., 2018; Vavallo et al.; 2019).

From an organisational perspective, financial barriers are amongst the
most highly cited in literature (Cooremans & Schénenberger, 2019;
Bertoldi et al., 2021). This is accelerated by the complexity of deep reno-
vation, particularly in multi-residential buildings such as social housing or
other fragmented ownership models (D’Oca et al., 2018). Procurement
policies which prioritise price over the quality of renovations, combined
with high upfront investment costs and challenging access to fun