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Abstract: Regenerative sustainability is gaining great attention as an essential concept for a transfor-
mative process, a re-designed mindset shifting from the narrowed focus of considering particular
aspects such as energy efficiency, renewable materials, or sustainable technology towards the creation
of a self-regenerating social and ecological system. Apart from being a vision of the future, regen-
erative sustainability has already been implemented successfully in individual projects, plans, and
extensive strategies. The goals of this research are (1) to set up the conceptual framework for regener-
ative sustainability principles in the built environment; (2) to investigate and identify the drivers
and barriers faced during the implementation of regenerative principles in the built environment;
and (3) to identify gaps in the paradigm shift towards regenerative districts and macro-level projects.
A multi-stage methodology was implemented. First, an in-depth literature review was conducted
aiming to understand regenerative sustainability state of the art and define the key principles. Then,
quantitative data analysis was conducted aiming to identify drivers and barriers of regenerative
implementation in buildings following by semi-structured interviews with the representatives of
regenerative buildings or districts. The step-by-step methodology resulted in the identified drivers
of applying the regenerative principles, which are available financial incentives; marketing and
sales benefits; improved companies/investors market image and competitive market advantage;
reduced building lifecycle costs/effective use of energy and resources; enhancement buildings’ users’
well-being; and receiving building certification. The main barriers identified were lack of knowledge
and experience working with regenerative materials and technologies by employees, consultants,
and construction companies and usage of the available tools that enable such constructions; overall
stakeholders’ culture and their resistance to changing their mindset toward a regenerative approach;
inadequacy of national and international standards and legislation to address regenerative policies;
and increased construction cost and time and lack of financial incentives. Ultimately, during the broad
examination of the case studies, regenerative qualities served as a valuable insight to understand
barriers and drivers at neighborhood and macro levels.

Keywords: regenerative sustainability; building certification; self-regenerating eco-cycles; socio-
ecological system; innovative technologies; social equity; well-being; circular economy; sustainable
development goals (SDGs)

1. Introduction

Ambitious global climate protection targets were agreed on for the first time in 2015
with the Paris Agreement. The declared goals focus on keeping the global average tem-
perature well below 2 °C compared to pre-industrial values, as well as on undertaking
further efforts to limit it further to 1.5 °C, which means a clear change in the direction
of more climate protection. There is growing consensus that mitigating climate change
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requires urgent reductions in emissions in all economic sectors. The construction sector
is responsible for a third of greenhouse gas emissions worldwide [1]. This means that in
the construction industry, urgent decarbonization measures are required to contribute to
achieving the climate goals by significantly reducing emissions.

To meet these challenges, a rethinking from a narrow focus on the consideration of
individual aspects such as energy efficiency, renewable materials, or sustainable technology
toward the creation of a self-regenerating social and ecological system is required [2—4].
Under the terms of “regenerative sustainability” and “regenerative design”, concepts
and standards are promoted which not only demand more stringent goals concerning
their impact on the environment [5,6], but also a change from a fragmented approach to
one overall systemic consideration of the ecological system [4]. The first use of the term
“regenerative design” is traced back to the landscape architect John Tillmann Lyle, who
in 1994 presented a model of a “collaborative interdisciplinary design process” [7]. Lyle
argued against degenerative linear input-output models and suggested a “regenerative
cycle model” as an alternative. Based on twelve theoretical and practical principles, es-
sential resources of daily life such as housing, food, water, or waste should be kept in a
regenerative cyclical process of energy and material, and thus self-regenerating eco-cycles
should be able to restore themselves in the built environment [7]. The idea of considering
the built environment instead of looking to a single building and its components itself has
been promoted by several authors [8-11], who recommended a holistic approach instead of
a dispatched concepts approach. Concentrating only on building energy consumption or
carbon emission would risk shifting the buildings” environmental impact from one factor
to the other; that is why regenerative principles take into account the built environment as
a whole.

Regenerative sustainability, therefore, aims to maintain, restore, and regenerate a
healthy socio-ecological system. At the level of political action, this broader approach of a
holistic view of the ecosystem is expanded in the United Nations Sustainable Development
Goals (SDGs) about social aspects and a people-centered focus [12]. The 17 SDGs encompass
economic, ecological, and social aspects, with combating poverty and reducing inequalities
and injustices having a special priority alongside climate protection measures. All UN
member countries are called upon to implement these goals in national development
plans and thus the common vision by 2030. The effects of climate change affect people
with varying degrees of severity and thus increasingly widen an already existing social
and economic gap between countries in the Global South and countries in the Global
North, but similarly within narrow geographical boundaries between groups with different
vulnerabilities [13,14].

1.1. Regenerative Sustainability in the Context of Sustainable Building Certifications

The interweaving between ecological, social, and economic goals, as presented in the
SDGs with a clear focus on social challenges and distributive justice, is at least partially
reflected in the broader approach of regenerative design concepts. Regenerative sustain-
ability questions the “inadequate mechanistic worldview” with its sustainability discourse
linked to technological innovations and stands for further development and a paradigmatic
change in the consideration of sustainability [15-17]. The focus is on adaptation, resilience,
and regeneration, as well as on “ecological worldview”. This world view is expressed in
the application of nature-based solutions, designs, and planning, which consider humans
as an integral part of nature, as well as a specific consideration of regional and cultural
differences of the place [3]. The latter in particular, the emphasis on the “place” and the
respect for the specific socio-ecological interaction between people and place, is an essential
distinguishing feature in contrast to the “green design” approach [18].

The term “Green Building” (GB) was mainly developed as a marketing tool and essen-
tially describes buildings with increased requirements in terms of energy efficiency, the use
of renewable energies, and other defined sustainability criteria. The Green Building label is
based on various building certificates in which sustainability parameters are defined and
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assessed accordingly. Over the past two decades, the development of building certification
standards has experienced rapid growth. Today, more than 600 different buildings and
material certificates are in use around the world [19,20]. This number is still increasing and
is being established into a growing market segment in the building sector. In addition to
internationally recognized and applied certification programs such as BREEAM, LEED, or
DGNB, national or institutional assessment schemes are constantly being added. The latter
is primarily intended to support national regulations or institutional strategies in pursuing
sustainability goals. Moreover, building certification also has significant marketing effects
in the quantitative and qualitative approach which enables extensive comparison.

Comparison of the different rating systems displays the differences in the priority
of goal pursuit. The building certification programs that have been on the market for
20 years or more (BREEAM 1990), the so-called “Green Building certificates” (BREEAM,
LEED, DGNB), focus mainly on buildings’ environmental data, particularly on the energy
performance of the buildings [19,20]. Such a narrowed focus of separated aspects of
sustainability has also been critically examined in many cases [20,21]. While evaluation
criteria such as water, energy, material, or indoor climate can be found in almost all Green
Building certificates, aspects such as “climatic responsive design”, “advanced green efforts”,
or “neighborhood impacts” rank at the bottom of the list [22]. Moreover, social criteria
are rarely explicitly stated as an indicator of green building design, their implementation
is only given low weighting due to the low number of points that can be achieved [23],
and they can only be found in neighborhood manuals and not in building certification
standards [24].

Hence, today several alternative rating systems are used which focus more on the
social dimension of sustainability, such as health and well-being or a contribution to society,
than simply buildings” environmental data [5]. Living Building Challenge (ILFI-LBC), One
Plant Living, WELL, or Cradle 2 Cradle (C2C) are just a few of the regenerative examples
of certification systems.

1.2. Drivers and Barriers for a Regenerative Construction

Despite the drivers that affect the substantial growth of buildings and built envi-
ronment cases that perform regenerative principles and aim to reach certification, the
process still encounters basic barriers that increase the complexity of their large-scale im-
plementation. Both drivers and barriers abbreviate equivalent qualities which are either
motivated by social-environmental causes, political-legal circumstances, or economic fac-
tors. From the built environment perspective, regeneration and restoration are dissolved as
reuse/repair/refurbishment/renewal/remanufacture /maintenance/upgrade/recycle [25],
which are further applied in three different levels: macro level—cities and urban territories;
meso level—focusing on single buildings; and micro level—emphasis on the construction
materials [17]. In several cases, it has been shown that barriers are broader and more com-
plicated to overcome compared to the motives that drive the application of regenerative
principles, which is why the study cases are limited to micro and meso level [17].

The range of identified barriers for a regenerative construction process varies between
five main clusters, namely, knowledge, culture, policy, leadership, and finance [11,26,27].
These are further expanded in several in-depth domains addressing the lack of employees’
and consultant’s knowledge and experience on sustainable and regenerative construc-
tion [19-22]; culture in its broad range—national culture, geographical culture, market
culture, organizational culture, business culture, and energy culture—which deals with the
limitation of the multi-disciplinary approach of built environment’s stakeholders toward
overall behavioral changes [28-30]; the complexity of legislation, regulatory and policy
transformation, and adaptation which decelerate the sustainable construction boost on a
larger scale [11,28-33]; the lack of initiatives to re-invent the management and leadership
that embrace environmentally friendly decision-making [11,27-33]; and most importantly
the financial barriers—sufficient public incentives that promote regenerative construction,
increased overall and hidden construction costs, and the risk of uncertainty [11,27-33].
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Moreover, it is empirically evidenced that the implementation of certification stan-
dards has been considered to the same extent an economical motivator and a financial
inhibitor [5,34,35]. Government regulations and policies, incentive schemes, marketing
benefits, competitive advantages, reduced building lifecycle costs, corporate social respon-
sibility, and corporate image are only a few of the drivers [36], while the list of barriers
varies from country to country, but in general, it remains within the five main clusters
specified above.

Ultimately, originating from the Latin words “re”—repetition and “generare”—give
birth/generate, the regenerative sustainability notion is shifting from a niche conversation
into the main subject in the built environment. Its implementation is motivated by several
factors, but different barriers are pulling back its mass application. Whereas there are many
successful examples of implementing the regenerative sustainability at meso and micro
levels, the challenge of revitalizing socio-economic regeneration is especially notable in
larger-scale territories that aim to achieve sustainability and circularity goals. In this case,
several additional barriers are faced such as awareness, political, economic [37], legisla-
tive [38], governance system [39], collaboration among built environment stakeholders [40],
and most of all the cultural approach [41]. Furthermore, considering the complexity of
the application of regenerative sustainability processes in large-scale-built environments
and knowing the number of stakeholders involved, overcoming the technological and
regulatory barriers would not be sufficient without an essential upgrade of business models
and crucial elevation of stakeholders’ behaviors and attitudes [26].

1.3. Scope and Research Strategy

The goals of this study are (1) to set up the conceptual framework for regenerative
sustainability principles in the built environment; (2) to investigate and identify the drivers
and barriers faced during the implementation of regenerative principles in the built envi-
ronment; and (3) to identify gaps in the paradigm shift towards regenerative districts and
macro-level projects. Based on a comprehensive literature review, criteria and parameters
of regenerative principles were defined in a first step, which provided the conceptual
framework for further empirical studies. Further, a detailed analysis was conducted of the
drivers and barriers identified during the implementation of regenerative sustainability
in the built environment, mostly in micro- and meso-level projects, undertaken through
a snowball sampling questionnaire among European-wide built-environment stakehold-
ers. Recognized gaps from the literature and data analysis from the questionnaires were
contrasted and compared with the results of the in-depth interviews with carefully chosen
representatives of regenerative buildings and neighborhoods in various European coun-
tries, which have been examined to comprehend the empirical review of the case studies.
Finally, the identified motivators and challenges of individual case studies (micro or meso
level) were explored contrasting larger-scale projects (macro level) aiming to perceive the
paradigm shift toward regenerative neighborhoods.

2. Materials and Methods

The research method was based on a thematically well-founded literature review in
combination with quantitative and qualitative approaches. Figure 1 shows the different
research steps conducted (marked in bold) as well as the research methods applied in each
step (in brackets) and the expected results obtained (highlighted in green).
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Figure 1. Methodological framework.

2.1. Conceptual Framework

First, an in-depth literature review was conducted aiming to understand the state of the
art and define the key principles of regenerative sustainability. The literature search started
with a systematic web-based search of research focused on regenerative sustainability.
Moreover, the “reference by reference” method was used to find relevant publications. As
a first step, papers were analyzed that had already carried out a comprehensive literature
study on the subject of regenerative design principles in the built environment [3,4,42—44].

Additionally, a thorough review was conducted to analyze how commonly used
certification systems address regenerative sustainability principles. For this, a table was de-
veloped analyzing seven certification systems, namely: BREEAM Building, LEED, DGNB,
ILFI-LBC, WELL Build, One Planet Living, and Cradle 2 Cradle and their relation with
the twelve principles of regenerative sustainability identified in the first phase of this
methodological step: (1) nature/eco-system; (2) energy; (3) carbon emission; (4) water
management; (5) regenerative materials; (6) waste management; (7) health and well-being;
(8) social equity; (9) economy; (10) culture and community; (11) education/inspiration; and
(12) mobility.

2.2. Quantitative Data Analysis, Snowball Sampling

The initial authors” work, undertaken within COST RESTORE [45], was based on
quantitative data analysis through a multi-section survey that aimed to understand the
level of implementation of regenerative construction within different countries in Europe
and to identify challenges and difficulties of implementation. Intentionally, an exponential
non-discriminative snowballing method [46,47] was used as a sampling strategy, with the
perspective of facilitating the RESTORE's expertise to identify potential respondents. This
sampling strategy had as an initial reference the RESTORE network of 150 professionals
from 40 different European countries, whose expertise included fields such as architecture,
urban planning, bioclimatic design, landscape design, human geography, etc. This chain-
referral method was chosen aiming to enable the authors to further deepen the research
with purposive or selective sampling to understand particular regenerative principles’
application in the construction industry.

The survey was divided into three main sections, which included close-ended and
open-ended questions on materials, technologies, and tools (MTT) that different respon-
dents used during different stages of building construction (Supplementary: Questionnaire
A). This survey was delivered to more than 120 professionals—architects and engineers—as
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well as other built environment stakeholders, receiving 64 valid responses. Respondents
were mainly architects and engineers followed by project managers and investors. The
respondents were asked to indicate to what extent they use MTT that ensures and facilitates
regenerative buildings.

e  Materials: Innovative and cutting-edge materials in the construction industry, includ-
ing materials changing their properties depending on the environment (phase-change
materials), self-healing materials, or materials improving the indoor/outdoor air quality.

e Technologies: Innovative and cutting-edge technologies with very few implemen-
tations currently in the construction industry, such as the Internet of Things (IoT),
augmented reality, drones, 3D printing for cement-based /clay-based materials, etc.

e Tools: Construction standards (ISO, EUROCODES, DIN, BSI, etc.) or Sustainable
Building Certification Systems (LEED, BREAM, DGNB, etc.)

Respondents had to answer on a 5-option scale of “I don’t implement it at all”;
“10-20%"; “20-50%"; “50-90%"; or “I always implement them”. Grading on a 5-point scale
has commonly been used in previous research works [48,49]. It was also very important to
understand the type of buildings for which they used regenerative MTT, distinguishing
between newly built constructions and rehabilitation projects. In this sense, respondents
were asked to indicate which type of buildings they implement MTT in: residential,
commercial, or iconic/singular buildings. Iconic architecture is defined as buildings and
spaces that are famous for professional architects and/or the public at large and have
special symbolic/aesthetic significance attached to them [50].

Finally, respondents were required to identify the main barriers faced while imple-
menting regenerative sustainability MTTs. In this case, respondents were given a list of
possible answers, but they could also mention other barriers that were not included in
the list offered. This allowed the identification of other aspects that were not included in
the questionnaire.

Based on the data from this survey, new quantitative data analyses were carried out
for this article, in particular, to identify barriers in the implementation of regenerative
construction within different countries in Europe.

2.3. Qualitative Data Analysis, Purposive Sampling—Case Studies

Recognizing gaps and the lack of the information required to identify the actual
drivers and barriers that enhance the implementation of regenerative sustainability in
the initial quantitative data analysis approach, an additional qualitative approach was
carried out, which was based on semi-structured interviews with the representatives of
regenerative buildings or districts built in Europe. The semi-structured interviews aimed
to understand what the main drivers and barriers were that affected their decision-making
process for implementing a regenerative building or neighborhood, and thus, covering
barriers and drivers for micro, meso, and macro scale projects.

Knowing that regenerative case studies are not common in the construction indus-
try, the sampling selection method used to identify them was purposive sampling. This
strategy has been well defined by Patton [46]—"The logic and power of qualitative pur-
poseful sampling derive from the emphasis on an in-depth understanding of specific
cases: information-rich cases. Information-rich cases are those from which one can learn a
great deal about issues of central importance to the purpose of the research; thus the term
purposeful sampling.”

The sample selection for this research has been referred to in the databases of different
certification standards such as LEED, DGNB, WELL, LBC, and Cradle 2 Cradle. Multi-
step classification was applied to identify the necessary targeted samples. The primary
and most important classification included the highest-ranked buildings in one of the
above-mentioned certification standards; during the second classification, the individual
buildings study cases were distinguished from the neighborhood or community cases
aiming to have combined representation; and finally, the cases were selected in a way
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that covered all four European regions (Western, Eastern, Southern, and Northern Europe)
based on UN classification [51].

Project details and stakeholders’/decision-makers’ contact information (i.e., the owner,
investor, developer, architect, project manager, auditor /assessor, external energy advisor,
external sustainability advisor, etc.) for 13 selected case studies were obtained from the
databases of the above-mentioned certification standards or the projects” website. Further,
an invitation to conduct the interview was sent to the contact details gathered and a positive
response from representatives of each case study was received.

The interview was divided into three different sections (Supplementary: Questionnaire B).

1. The first section aimed to gather general information about the respondents (i.e.,
country of origin and stakeholder’s role in the project);

2. The second section aimed to understand how the twelve regenerative principles were
implemented in the case study. This section included three close-ended multiple-
choice questions (single response) with a ranking scale (low, medium, and high
implementation) and one multiple choice (multiple response) question to gather in-
formation about the key agent who was significantly involved in the decision-making
process of implementing the regenerative principles. The close-ended questions were
used intentionally considering the wideness of the topic and the possibility of the
respondent misunderstanding the question. In addition to all close-ended questions,
an open-ended question was added as an opportunity for the respondents to further
elaborate on the implementation process of the regenerative principles.

3. The third and last section of the interview aimed to gather general information and
extract recommendations for easier implementation of regenerative sustainability
principles in future projects. This section included four open-ended questions.

The interviews with representatives of the thirteen case studies who accepted the
invitation were conducted in February 2021 and results were subsequently analyzed.

3. Results
3.1. Conceptual Framework—Regenerative Key Principles and Their Implementation in
Sustainable Building Certifications

Since there are no clearly defined criteria for a regenerative design of the built en-
vironment so far, we derived them from the available literature, i.e., [7,52,53], based on
“regenerative standards” [5], and finally, based on the 17 UN’s sustainability goals, follow-
ing the twelve principles as the basis for our concept of regenerative sustainability. These
twelve principles reflect the original idea of John Tillmann Lyle [7], according to which
sustainable development is based on a model of circular processes of the ecosystem, with
the aim of mutually beneficial coevolution of the social and ecological system. Ecological
regeneration on the one hand and regenerative social development on the other hand were
concretized based on these principles and interpreted appropriately for application at the
level of buildings, neighborhoods, or districts. Table 1 lists the regenerative principles and
explains their application using specific examples. These are compared to the 17 UN'’s
sustainability goals to show how these principles support or reflect these goals accordingly.

The purpose of this research was not weighing up a detailed analysis of different
buildings’ rating systems, rather, it was demonstrating the way that the rating systems
have already accelerated during the implementation of regenerative aspects and thus, these
are also increasingly recognized as “drivers”. The seven sustainable building certification
systems selected for this research analysis and comparison were BREEAM, LEED, and
DGNB as Green Building Certificates; and ILFI-LBC, One Plant Living, WELL, and C2C
particularly keen to ensure that regenerative principles take hold in the built environment.
These rating systems were deliberately chosen due to their relevance for the European con-
struction industry and their international distribution [20,22]. Table 2 shows an overview of
the twelve regenerative principles and how these aspects are covered in “Green Building”
(GB) or “regenerative” rating tools.
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Table 1. Regenerative Sustainability principles—overview.

Regenerative Principles:

Description [2,7,52-54] (Examples on

17 Sustainable Development Goals (SDGs)

young people, giving disadvantaged groups a
voice, no threat associated with food
production, globally responsible action in
dealing with resources).

5. Gender Equality: Achieve gender equality
and empower all women and girls.

10. Reduce Inequalities: Reduce inequality
within and among countries.

Key Topics Building/Neighborhood/District Level)
Place-based design approach to regenerate the 13. Climate Action: Take urgent action to
ecosystem and enable it to evolve in the future . o
. . combat climate change and its impacts.
(i.e., approaches departing from the .
S . . 15. Life on Land: Protect, restore, and promote
PLACE, NATURE recognition that each place is a unique the sustainable use of terrestrial ecosvstems
AND ECO-SYSTEM  dynamic entity, building interacting with green K Y ’
. : sustainably manage forests, combat

neighborhood and environment, protect the e

. . . desertification, and halt and reverse land
ecosystem, rebuild soil, adaptation to . .. .

. . : degradation and halt biodiversity loss.
bio/microclimate).
Restorative and regenerative energy systems,
effective use and sharing of energy, energy as
part of a coherent restoration approach .
(i.e., energy as part of a coherent restoration 7. Affordable and Clea.n Energy: Ensure
ENERGY .. . . access to affordable, reliable, sustainable, and
approach aiming to increase the quality of the
. modern energy for all.

o ecosystem, renewable, restorative, and

.‘g regenerative energy systems, effective use and

g sharing, and energy storage).

§o Carbon-neutral /climate-positive approaches,

V] carbon-reducing measures . . .

~ .

= CARBON (i.e., reduce building’s carbon footprint, 13. Cllmaf e Action: Take urger}t action to

s . . . combat climate change and its impacts.

By environmentally responsible sources, life cycle

,% assessment).

s Reduce “water footprint”, preserve natural 6. Clean Water and Sanitation: Ensure
water cycles, water treatment, reuse, and availability and sustainable management of
access to clean drinking water water and sanitation for all.

WATER . .
(i.e., improved water supply and water 14. Life Below Water: Conserve and
management, net-positive water, rainwater sustainably use the oceans, seas, and marine
harvesting). resources for sustainable development.
Improve material and resource cycles, life cycle
assessment, productive organic systems to . .
MATERIAL AND conserve resources and maintain them for 12. Respfons1b1e ConsumP tion and .
. Production: Ensure sustainable consumption
RESSOURCES future generations .
. . . and production patterns.
(i.e., healthy materials, transparent labeling,
responsible use, and conservation).
Zero waste Eflpproach, de.s1.g.n for disassembly, 12. Responsible Consumption and
deconstruction, and flexibility of use . h .
WASTE . . Production: Ensure sustainable consumption
(i.e., cradle2cradle approach, upcycling, reuse, .
. . o 1 and production patterns.
and recycling of materials and buildings).
Reconnect human with nature, enhance the
quality of life and contribute to individual,

= cqmmumty, ar}c.l society health and well-being 3. Good Health and Well-Being: Ensure

) HEALTH AND without exploiting other people, the healthy lives and promote well-being for all of

E- WELL-BEING environment, or future generations all age}s] p &

% (i.e., apply the principles of salutogenesis and

5 biophilia, access to healthy food, ensure air

e quality, daylight, comfort, and mindfulness).

<

g Equality, empowerment, and participation of 1. No Poverty: End poverty in all its forms

w people and countries, fairness in allocating everywhere.

(] . . . .

= resources, inclusiveness, supporting 2. Zero Hunger: End hunger, achieve food

'§ vulnerable people security and improved nutrition, and promote

g SOCIAL EQUITY (i.e., empowerment of women, older and sustainable agriculture.

&0

[’}

[~
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Table 1. Cont.

Regenerative Principles:

Description [2,7,52-54] (Examples on

17 Sustainable Development Goals (SDGs)

Key Topics Building/Neighborhood/District Level)
Regenerative -, circular-, and sharing economy, 8. Decent Work and Economic Growth:
sustainable production and consumption, Promote sustained, inclusive, and sustainable
collaborative, place-based economies at economic growth, full and productive
ECONOMY multiple scales employment, and decent work for all.
(i.e., restorative enterprises, redesign business 9. Industry, Innovation, and Infrastructure:
models from selling products that create waste  Build resilient infrastructure, promote
to providing services in closed-loop models, inclusive and sustainable industrialization,
energy unions). and foster innovation.
Address the social determinants of health,
foster social cohesion, community identity, and  11. Sustainable Cities and Communities:
empowerment, foster accessibility and Make cities and human settlements inclusive,
integration safe, resilient, and sustainable
CULTURE AND (i.e., re-integrated lively heritage, 16. Peace, Justice, and Strong Institutions:
COMMUNITY buildings/local heritage as a visual, social, Promote peaceful and inclusive societies for
cultural, and economic catalyst for the sustainable development, provide access to
community, accessibility of cultural and justice for all, and build effective, accountable,
historical places, empowerment of rural and inclusive institutions at all levels.
communities).
Enable and encourage participation,
bottom-up cultures and initiatives, education 4. Quality Education: Ensure inclusive and
for eco-literacy, increase awareness equitable quality education and promote
(i.e., encourage pioneer movements like lifelong learning opportunities for all.
EDIEI(S:II;“III“{I(A)"II"\II(?I\IFT b permaculture, urban gardening, 17. Partnership for the Goals: Strengthen the
placemaking, etc., give a voice to different means of implementation and revitalize the
sectors and interests of the society, continuous  global partnership for sustainable
learning and feedback, cooperation, development.
interaction, and interdisciplinary planning).
Reduce CO, emissions caused by travel and
transport, encourage walking and cycling, 9. Industry, Innovation, and Infrastructure:
ENVIRONMENT Walkable cities, rural-urban balance e Build resilient infrastructure, promote
AND MOBILITY (i.e, reduce transport volumes at the building inclusive and sustainable industrialization,

site, encourage and enable carsharing, E-car
charging stations, bicycle parking spaces and
cycle paths, footpaths to schools, shops).

and foster innovation.
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Table 2. Regenerative sustainability principles implemented in sustainable building certifications.

“Green Building” Rating Tools (= Focus on Energy Efficiency and

“Regenerative” Rating Tools (= Focus on Nature, Healthy Ecosystem, and Social Issues)

12 Regenerative Technical Quality)
Principles
BREEAM Building LEED DGNB ILFI-LBC WELL Build One Planet Living Cradle2cradle inspired
Environment: Integrative process: Environmental qualitv:
Minimizing the risks to  Thoughtful site e 1 q y: . .
- . - I, Building life cycle Nourishment: Limit s
air and water, soil, and selection decisions. assessment. local Place: Ecology of place, the presence of Land and nature: C2C principles:
PLACE, NATURE, ecology: Ecological Sustainable Sites: Site environmerlltal impact urban agriculture, u nhpealth foods and Protecting and restoring  Biodiversity. Everything is
AND ECO-SYSTEM  value retention and assessment, protect or . pact, habitat exchange, Y land for the benefit of a resource for something
sustainable resource encourage better food
upgrading of the site, restore habitat, soil and extraction. land use human-scaled living. culture people and wildlife. else. “Waste = Food”.
factors for safety and vegetation o M " '
. . - biodiversity at the site.
avoidance of incidents.  guidance, etc.
C2C principles: Use current
solar income.
Technical Quality: Renewable energy and
Energy and Sound insulation, Zero carbon energy: carbon management:
Enerev: Ener atmosphere: Optimize quality of the building Enerev: Enerev and Making buildings and Products manufactured in a
By: Bnergy energy performance, envelope, use and 8Y: &y manufacturing way that positively impacts
ENERGY consumption and CO, . . . carbon reduction, net L
reduction. advan.ced energy integration of building positive energy. energyfefﬁment and our energy supply,
metering, renewable technology, ease of supplying all energy ecosystem balance,
energy, etc. recovery and with renewables. community, and ultimately
recycling, etc. strive to keep carbon in the
soil and earth vegetation
where it belongs.
Energy: Energy Energy: Energy and
CARBON consumption and CO, carbon reduction, net Zero carbon energy ?;Ill)i:igiizn:EZnind
reduction. positive energy. &
Sustainable water: Water stewardship:
. . Environmental quality: . . . . - Understanding of (and
. Water efficiency: Water Water: Responsible Water: High-quality Using water efficiently, N
Water: Consumption - . Potable water demand oo > . responsibility for) water
WATER .. use reduction, optimize water use, net positive water and improved protecting local water . .
and efficiency. and wastewater e . withdrawals, consumption,
process water use, etc. water. accessibility. resources, and reducing s
volume. - and releases within the local
flooding and droughts.
ecology.
. Materials and' . . . Materials: Manage Materials and Material health: Products
Materials: resources: Building Materials: Responsible  hazardous ingredients roducts: Usin to be manufactured usin
Environmental impact life-cycle impact materials, red list, across building fnaterials' fromg only those materials tha tg
MATERIALS AND  or impact of building reduction, building responsible sourcing, materials, waste, sustainable sources and hav};z been optimized and do
RESOURCES materials used, product disclosure and living economy cleaning products, P

including life cycle
impact.

optimization, design for
flexibility, construction,
and demolition.

sourcing, net positive
waste.

outdoor spaces, and
landscaping to reduce
the risk of exposure.

promoting products
that help people reduce
consumption.

not contain any X or Grey
assessed
materials/chemicals.
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Table 2. Cont.

“Green Building” Rating Tools (= Focus on Energy Efficiency and

“Regenerative” Rating Tools (= Focus on Nature, Healthy Ecosystem, and Social Issues)

12 Regenerative Technical Quality)
Principles
BREEAM Building LEED DGNB ILFI-LBC WELL Build One Planet Living Cradle2cradle inspired
C2C principles: Everything
is a resource for something
Materials and Zero waste: Reducing else. “Waste = Food”.
Waste: Generation of resources: Building Materials: Net positive ~ Materials: Manage consumption, reusing, Material reutilization:
WASTE waste and efficient life-cycle impact Technical quality ’ P ’ & and recycling to achieve ~ Concept of technical
. . waste. waste. . . .
avoidance. reduction, waste zero waste and zero nutrients and biological
management. pollution. nutrients flowing
perpetually in their
respective metabolisms.
Air: Reduce or
minimize sources of
indoor air pollution
Integrative process: Sociocultural and Light: Lighti.ng systems  Health an.d happiness:
Including social equity functional quality: dle signed to ?crease Enc.ouragmg. active,
and public health. Thermal comfort, aertness, ennance social, meaningful lives Material health: Products
Indoor environmental indoor air quality, Health and happiness: eifg géetgcsiéeand taigrv(\)zzﬁ)—t;e?r?()d health to be manufactured using
Health and comfort: quality: Low-emitting acoustic comfort, visual ~ Healthy interior P P & only those materials that
HEALTH AND R . . Comfort and sound: Local and sustainable .
Indoor and materials, indoor air comfort, user control, environment, healthy X . . have been optimized and do
WELL-BEING . . . ) . Distraction-free, food: Promoting .
outdoor-related. quality assessment, quality of indoor and interior performance, . . not contain any X or Grey
thermal comfort, outdoor spaces, design  access to nature productive, and sustainable humane assessed
interior lightin ' for all, safet arlld - comfortable indoor farming and healthy materials/chemicals
davlieht & uali’ft;, securi:c Y environment. diets high in local, '
vie}\]/vsjg et/cq y Techni}cﬂal walit Mind: Optimize seasonal, organic food
T ! y cognitive and emotional  and vegetable protein.
health through design,
technology, and
treatment strategies.
Social fairness: Ensure that
Equity and local progress is made towards
. - quity . sustaining business
Regional priority: economy: Creating safe, operations that brotect the
Address geographically Sociocultural and Equity: Universal equitable places to live v}ajlue chain andpcontribute
SOCIAL EQUITY specific environmental, quity: and work which

social equity, and public
health priorities.

functional quality

access, inclusion.

support local prosperity
and international fair
trade.

to all stakeholder interests,
including employees,
customers, community
members, and the
environment.
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Table 2. Cont.

“Green Building” Rating Tools (= Focus on Energy Efficiency and

“Regenerative” Rating Tools (= Focus on Nature, Healthy Ecosystem, and Social Issues)

12 Regenerative Technical Quality)
Principles
BREEAM Building LEED DGNB ILFI-LBC WELL Build One Planet Living Cradle2cradle inspired
Equity and local
ecoptorl?ly: ?reatl:lgl.safe, C2C principles: Celebrate
Management: Holistic Economic quality: Life zgglviorizvﬁi; ouve diversity. C2C enhances
management strategies, cycle cost, flexibility, . cultural diversity,
ECONOMY operational and process and adaptability, support local prosperity conceptual creativity, and
R and international fair T
management. commercial viability. trade ecosystem bio-diversity and
Local and sustainable well-being.
food
Community:
Buildings that are Culture a'nd. .
. . . community: Nurturing
inclusive, accessible, local identity and
CULTURE AND Regional priority ]?;?;3{5231&?;222 and l}ali?ilzi}lz}; ;rllg gif)ig,rams heritage, empowering C2C principles: Celebrate
COMMUNITY inspiration. that support the needs, communities, a?d ¢ diversity.
health, and wellness of ~ PO tng a culture o
all individuals and sustainable living
families.
Process quality:
Integrative process: Docum entation for Culture and
Improve documentation sustainable community: Nurturing
an(}::l) rocess management, Beauty: Beauty and Innovation: Encourage local identit‘ and
EDUCATION AND inter%isci h’n ar construction bio hi}lri.a o duc};tion and innovation by allowing heritage emy owerin C2C principles: Celebrate
INSPIRATION Scip y site/construction Plophia, projects to submit ideas 8¢, emp & diversity.
analysis. inspiration. communities and
— . process, procedure for for new features. .
Innovation: Innovative . promoting a culture of
urban and design . -
performance. planning, user sustainable living.
communication, etc.
Location and
Transport: CO g:gzlzgétazfﬁ; Site quality: Local Movement/fitness: Travel and transport:
nsport: 472 cep 8 environment, influence Encourage the Reducing the need to
ENVIRONMENT emissions caused by footprint, no off-street I . . . )
AND MOBILITY transport and parking, carshare on the district, transport integration of exercise travel, encouraging

location-related factors.

parking, electric
vehicles, bicycle
facilities, etc.

access, access to
amenities.

and fitness into
everyday life.

walking, cycling, and
low carbon transport.
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The above-presented comparison exhibits, among other things, that social aspects are
considered by all rating tools, though not with the same priorities and weighting. Further-
more, it can be observed that “Green” rating tools include more functional (i.e., functional
quality) or overarching goals (i.e., public health priorities), while “regenerative programs”
specify more differentiated goals in this regard (i.e., inclusion, social fairness). Other as-
pects such as “culture and community” or “education and inspiration” are occasionally
included, whereby the stated goals focus more on the construction process (e.g., LEED,
Integrative process: Improve documentation and process, interdisciplinary analysis) or the
focus on innovation and integral planning (i.e., LEED: Integrative process). Conversely,
“regenerative” rating systems show a lack of economic goals (LBC, WELL), missing aspects
of mobility (LBC), or in the case of the WELL standard, an evaluation of “social justice”
only at the community level.

3.2. Quantitative Data Analysis—Current Status of Regenerative Sustainability Implementation
in the European Built Environment

The percentage of respondents that have followed the application process of materials,
technologies, and tools (MTT), which ensure and facilitate regenerative principles in
new or renovated buildings, are presented in the graph below (Figure 2). The range of
each result addressed the minimum to maximum percentage of implementation of MTT
from all construction phases (structure, interior partitions, finishings, etc.). Briefly, the
results indicate that 60-65% (out of 64 respondents) have not used emerging materials or
technologies in the construction of new buildings or during the renovation of older ones,
while 20-25% of the respondents have used emerging materials and technologies only
between 10-20% of the overall stages during the construction process. In addition, 52-55%
have not used any tool, whether referring to construction standards or certification systems.

100%
_"0
2 90%
g Level
S 80% evel of
R implementation
g_‘ / o
N
Y 60% B 100%
Ty
S 50% W 50%-90%
oD -
< 40% W 20%-50%
=
g 30% W 10%-20%
E 20% W 0%
10%
0%

materials technologies tools

Figure 2. Percentage of respondents (1 = 64) who have implemented materials, technologies, and tools,
that enable regenerative sustainability either for newly built or building renovations constructions.

Research findings on the implementation of the three thematic areas indicate that more
than half of the building stock in the European Union does not apply MTT that facilitates
regenerative principles in the newly built or building renovations process. Redefining and
re-examining the way buildings and districts are constructed is an area for further consid-
eration. Moreover, questions on how the construction industry could adopt MTT solutions,
which are based on regenerative sustainability principles, are raised from this survey.

Furthermore, results were obtained from the research regarding the types of buildings
to which emerging materials and technologies but also tools that facilitate regenerative
building principles have been applied. Figure 3 indicates that for both newly built and
building renovations construction, the application of regenerative principles is mostly
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related to commercial, residential, and iconic buildings. Particularly, the aggregate results
indicate that in the case of the application of emerging materials in newly built or building
renovations construction, a percentage ranging from 25 to 30% (out of 64 respondents)
refers to residential buildings, a percentage ranging from 45 to 55% refers to commercial
buildings, and finally, a percentage of 30-35% represents iconic buildings. Similarly, in
the case of the application of emerging technologies in building renovations or newly
built environments, a percentage ranging from 25 to 30% (out of 64 respondents) refers to
residential buildings, a percentage ranging from 45 to 50% refers to commercial buildings,
and finally a percentage of 25% to iconic buildings.

100%
o 90%
T 80%
g 70%
& 60%
&
= 50%
EO 40%
= 30%
)
2 20%
U
~ 10%
0%
MATERIALS (New MATERIALS TECHNOLOGIES TECHNOLOGIES
building) (Building (New building) (Building
renovation) renovation)
Iconic building ®m Commerdial building Residential building

Figure 3. Types of buildings where regenerative materials and technologies were used in newly built
or building renovations constructions (n = 64).

Based on the undertaken survey, the conclusions regarding the main identified barriers
to implementing the emerging materials and technologies, which try to facilitate regenera-
tive new and renovated buildings, have been depicted: Figure 4 demonstrates these results.
As it can be observed, four main barriers were identified; the first and most important bar-
rier according to the responses is related to the lack of training, the second and third ones
are related to the lack of knowledge and higher cost in implementing emerging materials
and technologies, and the fourth barrier identified through the survey is related to the
lack of standards and legislation. All the above barriers prevent the further establishment
and implementation of emerging materials, technologies, and standards/legislation at
the building/district level of development that might allow regenerative sustainability
principles to come to the fore.

Built on the results of the questionnaire and its conceivable gaps, a series of conclusions
can be drawn which feed the current study and give the impetus for further investigation
regarding the types of buildings to which the principles of regenerative sustainability have
been applied in Europe. These conclusions open possibilities for expanding regenerative
sustainability on neighborhood and urban scales. In addition, conclusions regarding the
barriers that prevent their further implementation within the European context are drawn.
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Lack of standards and legislation

Higher cost

Lack of knowledge

Lack of training

0% 10% 20% 30% 40% 50%

B Technologies M Materials

Figure 4. Identified barriers to materials and technologies implementation in newly built and
building renovation construction (1 = 64).

3.3. Qualitative Data Analysis—Identification of Drivers and Barriers of
Regenerative Sustainability

Table 3 particularly evidences the level of implementation of each regenerative princi-
ple during the analyzed case studies. Results show that the twelve regenerative principles
were generally implemented at a medium level of implementation. In particular, imple-
menting strategies for effective use and sharing of renewable, restorative, and regenerative
energy systems was the principle with the highest level of implementation, as seven case
studies highly implemented it in the project.

Using regenerative materials was highly implemented by six of the analyzed case
studies and it is the only principle that was implemented at a medium or high level in all
the case studies.

In contrast, the least common principles were water management, social equity, and
mobility, which had lower levels of implementation.

Furthermore, the interviews also revealed that the owner was the project’s main stake-
holder who was significantly involved in the decision-making process of implementing the
regenerative principles, as it was chosen by eleven out of the thirteen interviewees (80%).
The owner was followed by the architect and investors, which were pointed out by around
50% of the interviewees.

In contrast to the project managers (23%), the assessors/auditors (15%) were the ones
that have a lower level of impact on the development of a regenerative building.

Relying on the answers of the interviews’ respondents, the regenerative construction
approach recounts its basic motivators along with numerous challenges which characterize
the process in its different stages. Among the environmental main drivers mentioned by
interviewees were an effective use of energy, the use of regenerative materials, and most
importantly the building users” well-being. While considering the economic/marketing
motivators, the main ones stated were reducing maintenance costs, building users’ trust
in the developer/investor, and project certification, which directly relates to marketing
benefits.

When asked about the challenges experienced during the regenerative construction
process, the majority of the buildings’/districts” representatives (10 out of 13) indicated
increased construction costs. Further on, 10 out of 13 respondents expressed their concern
about the employees’ and construction companies’ lack of knowledge and experience
in regenerative materials and technology. In addition, the challenges faced after the
building/district completion are high operation and maintenance costs due to the special
treatments of installed systems.
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Table 3. Level of implementation of the twelve regenerative principles in the case studies analyzed.
Case . Type of Certification Nature/ Carbon Water Regenerative Waste Health Social Culture Educatlof‘ -
Location Case 1 Energy .o Manage- . Manage-  and Well- . Economy and Com- andInspi- Mobility
Study System EcoSystem Emission Materials . Equity . .
Study ment ment Being munity ration

1 WE Commercial Green Building (GB) M H M H H M H H H M M H

2 WE  Commercial GB and H M M H M M M M M M
Regenerative

3 NE  Commercial CBand L L H L H L L L H L L L
Regenerative

4 WE Commercial ~ Green Building H H H H H M H H H H M H

5 EE District Green Building M M L M M M H M L M M M

6 EE Commercial Regenerative M M M M M M M M M M M H

7 SE Commercial ~ Green Building L H M L M L M L M L L L

8 WE District Green Building H H M H M M H L M H H M

9 SE  Residential GBand M H H M H M M M M M M M
Regenerative

10 SE Residential Green Building M M M H M H M M M M M H

11 SE Commercial Regenerative H M L M H M M M M H H L

12 SE Residential Regenerative M H M M M M M L M M M M

13 SE Commercial ~ Green Building M H H L M M H M M M M M

SE: Southern Europe; WE: Western Europe; NE: Northern Europe; EE: Eastern Europe; L: low implementation (red);
certification system described in Table 2.

M: medium implementation (yellow); H: high implementation (green). ! Refers to the type of
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The results also show the high priority given to sustainability certification. Nine out
of thirteen interviewees stated that the building certification was the main marketing/sales
trigger, another 2 interviewees highly value the economical aspect of the building’s certifi-
cation, and only 2 out of 13 respondents stated that the certification played little or no role
at all in the implementation of an innovative project.

Finally, required to provide advice for process facilitation for future projects motivated
to implement the regenerative principles, 90% of the respondents emphasized the need
for improved legislation that would match not only the standard construction approach
but the regenerative one as well. Tax reduction, improved strategies for public funds and
incentives, enhanced public awareness and education schemes, and national financial
policies that would stimulate financial institutions to simplify the procedures for issuing
loans to such projects would directly inspire and motivate building owners/investors to
go for the regenerative construction process instead of the standard one.

Table 4 shows a summary of the identified drivers and barriers that limit or delay the
implementation of regenerative sustainability aspects.

Table 4. Summary of identified drivers and barriers of regenerative sustainability.

No

Identified Drivers and Barriers of Literature- Quantitative Qualitative
Regenerative Sustainability Review Survey Survey

BARRIERS

N NG

Employees’, consultants’, and

construction companies’ lack of v v v
knowledge and experience.

Overall stakeholders’ resisting culture

and changing/adapting mindset v

toward regenerative development.
Lack of standards and legislation,
national and international policies.
Lack of management and leadership
innovative strategies.

Lack of financial incentives. v v
Increased construction cost. v v
Increased maintenance and operation
cost.

DRIVERS

NGk W N

Governmental financial incentives.
Marketing and sales benefits.
Companies’/investors’ image and
competitive market advantage.
Reduces building lifecycle costs.
Effective use of energy.

Buildings’ users” well-being.
Receiving building certification.

N NN

SNENENENERN

4. Discussion

Following the previous section which distinguished and identified the principles and
goals of regenerative design, this section utilizes the discussion about central influencing
factors. The detailed assessment of the regenerative qualities of case studies can serve
as a valuable insight to develop and accelerate the scale jumping process, boosting the
development of regenerative communities and neighborhoods.

Driven by an in-depth literature review where many authors considered the moti-
vating factors for implementing regenerative principles in a built environment as well as
the challenges associated with the entire process, the results of the previously undertaken
survey were also analyzed and contrasted with the actual interview results.

Hence, based on the literature, the main barriers accompanying the regenerative con-
struction process include: 1—employees’, consultants, and construction companies’ lack of
knowledge and experience working with regenerative materials and technologies as well



Sustainability 2021, 13, 5179

18 of 22

as with using the available tools that enable such constructions; 2—overall stakeholders’
resisting culture and changing/adapting mindset toward regenerative development (“na-
tional”, “market”, “companies”, “business”, “energy”, etc.); 3—standards and legislation
national and international policies; 4—lack of management and leadership innovative
strategies; and 5—financial investment barriers. Expressed in more simplified words, the
same barriers were identified as the results of the quantitative data analyzed summarized
as: 1—lack of employees’ knowledge and training on using the regenerative materials
and technologies during newly built or renovated construction; 2—increased construction
and maintenance cost because of implementing regenerative principles; and 3—lack of
implementation standards and legislation on a national and international level. Finally,
these results were reaffirmed through the qualitative data analysis which revealed the main
barriers to be: 1—increased construction costs due to the implementation of regenerative
principles; 2—lack of employees’/construction companies” knowledge and experience;
3—Ilack of legislation and standards implementation requirements; 4—increased operation
and maintenance costs; and 5—Ilack of financial incentives.

Furthermore, based on the literature, the identified drivers for implementing the
regenerative construction are 1—governmental financial incentives; 2—marketing and
sales benefits; 3—companies’/investors’ image and competitive market advantage; and
4—reduction of building lifecycle costs. In reference to the interviewees” answers, the
main motivators for easier implementation of regenerative construction are 1—effective
use of energy; 2—buildings’ users~ well-being; 3—reducing buildings’ maintenance costs;
4—improved developer/investor market image; and 5—receiving building certification.

Aiming to mitigate the barriers and enhance the drivers for implementing the regen-
erative principles in the built environment, it is highly recommended to extend the level
of education and awareness of this process’ overall benefits, highlighting them as main
drivers for the transition from sustainability to regenerative paradigms and particularly
address the role of universities [12]. However, the observed results, both from the survey
and the interview case studies, indicate a lack of professional training and knowledge in
both handling and processing innovative materials and technologies. This is often due to
the reduced or non-existent comprehensive and extensive study programs that refer to
regenerative sustainability principles at a university level, as well as being due to the lack
of specific disciplines that promote and support regenerative sustainability issues. It is
also a result of the reluctance of project managers and contractors to promote and train
their staff in regenerative sustainability principles with the prospect of implementing and
applying them in real case scenarios. Investment in education, research, and innovation
during building and district development is very rare or almost non-existent due to the pri-
oritization of construction managers and contractors, primarily on the “cost and time” and
secondly on education and training of their staffs in issues related to innovative materials
and technologies.

The lack of standards and legislation that enhance regenerative sustainability was
ranked fourth among the barriers derived from the survey analysis, mainly due to regula-
tions, national laws, or political and ideological decisions, which in particular hinder the
implementation of regenerative certification tools [5]. This becomes even more difficult
when investors consider the financial aspect of the implementation of regenerative certifica-
tion tools, which is prohibitive in many cases since the goal of such investments is to reduce
costs both in the construction and operation phases of buildings or districts. In this case,
building upon the research results, a comprehensive review of national and international
standards and legislation is encouraged. The simplification of bureaucratic procedures
together with available financial incentives would motivate the buildings’ stakeholders to
choose the regenerative process of construction over the standard one.

The two strands of this research (survey and case studies) revealed a very differ-
entiated picture on the subject of building certification and assessment. On one hand,
the survey showed that building certification is a domain of Northern European (INE)
and Western European (WE) countries, whereas in Southern European (SE) and Eastern
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European (EE) countries, more local certification systems are used. On the other hand,
the case studies show that obtaining or aiming for internationally recognized and highly
ranked certification is a key marketing driver for innovative buildings. This means that to
implement regenerative aspects in the building sector, certifications are assessed positively
and are recognized as a key driver, but they should rather be available in all the countries.

The results also indicate that the different principles of regenerative sustainability are
only partially covered across all rating systems. In particular, social impact goals, health,
and mobility are hardly considered and evaluated in the same intensity as, e.g., energy,
material, or technical quality of the building. Concerning the UN sustainability goals, our
results reveal a particular gap. To achieve sustainable development in the sense of the UN
sustainability goals on the one hand and a regenerative sustainability approach, on the
other hand, special attention must be paid to these aspects. The overarching goals should
be to strive for social justice, to narrow the economic gap between countries and individual
people, and to take responsibility towards poorer countries and vulnerable groups.

During the past ten years, sustainability certificates for neighborhoods or communities
have increasingly entered the market (e.g., BREEAM for Communities, LEED Commu-
nities, DGNB certificate for districts). From a regenerative sustainability approach, it is
very important to consider buildings and their surrounding environment and infrastruc-
ture as a holistic ecosystem. Infrastructure and mobility options, for example, largely
determine environmental behavior. Moreover, the mentioned regenerative principles and
factors of regenerative sustainability should be considered in a balanced way to avoid
undesirable developments and self-regenerating eco-cycles that can restore themselves in
the built environment.

Limitations

However, this research encountered several limitations, namely, the limited number
of articles regarding regenerative sustainability of bigger scale projects, or characteristics
of the methodology design that impacted the interpretation of the findings due to the
small number of regenerative community or neighborhood examples. Taking into account
the small number of interviews and questionnaires as well as the limited number of case
studies, it was beyond the scope of this research to present a representative statistical
sample to generalize results. Nevertheless, the authors could extract valid and interesting
insights to identify barriers and drivers in the implementation of regenerative principles in
the built environment.

Ultimately, the goal of the research was not to provide a representative study on the
implementation of regenerative principles in the built environment nor comprehensive
literature and data analysis for building certification tools. Rather, it was to identify the
barriers that diminish regenerative sustainability not only in individual projects but also in
larger-scale ones, as well as the drivers that promote and encourage developers to go for the
application of such principles. However, the identified constraints should be perceived as
an excellent opportunity for future research in the broad topic of regenerative sustainability.

5. Conclusions

Even though, in general, for many construction industry stakeholders, regenerative
sustainability is rather uncommon, the overall interest is consistently increasing, notably
because the regenerative principles focus on buildings’ users” well-being, social equity,
education, inspiration, culture, and community, among all the other environmental data.

The findings of this study indicate that the main barriers that discourage the imple-
mentation of regenerative sustainability in large-scale projects are: (1) increased construc-
tion costs due to the implementation of regenerative principles; (2) the lack of employ-
ees’/construction companies’ knowledge and experience; (3) the lack of legislation and
standards implementation requirements; (4) increased operation and maintenance costs;
and (5) the lack of financial incentives; while the main drivers that motivate the paradigm
shift are: (1) the effective use of energy; (2) buildings” users " well-being; (3) reducing build-
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ings’ maintenance costs; (4) improved developer/investor market image; and (5) receiving
building certification.

Considering the statistical limitations of this study, of literature, or of existing macro-
level case studies to be considered, recommendations for future research may be drawn:
(1) identification of the type of education required by consultants, contractors, or other built
environment stakeholders to implement the regenerative principles; (2) a review of national
and international construction standards and legislation, and a proposal for strengthening
the representation and enhancement of regenerative sustainability principles; and (3) iden-
tification of the required financial / professional to support built environment stakeholders.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/5u13095179/s1, Questionnaire A: Actual State of Sustainable Building Construction; Question-
naire B: Case studies, Semi-structured Interviews.
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