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Abstract

Regeneration in the built environment is characterized by going beyond the goal of minimizing
environmental harm to become net-zero — orin other words 100% sustainable. It emphasizes the need
to create net-positive impacts for the social-ecological system through the process of creating the
built environment. The aim of this master thesis is therefore to clearly define regenerative
development and regenerative design, as well as to explore which regenerative principles exist and
how they can be practically applied throughout a project’s life cycle. The research methodology is
a mixed-methods approach, consisting of an extensive literature review and three Dutch case
studies of real estate projects. The four research outcomes are: (1) a clear definition of the key terms
in the regenerative built environment context, (2) a review and summary of the regenerative
principles stated in the existing literature, (3) a framework or guide for the application, assessment
and implementation of regenerative principles in practice, and (4) an evaluation of projects in the
built environment from a regenerative perspective. The research concludes that the selected
projects have regenerative aspects, but realizing fully regenerative projects also requires a mindset
shift.

Keywords: built environment, real estate, regenerative development and design, social-ecological
system, sustainability, circularity, life cycle thinking, net-positive value, case study, the Netherlands
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Foreword

Dear reader,

This master thesis concludes four semesters of studying Management in the Built Environment (MBE) -
an uncommon Master’s programme that offers a holistic view of the real estate sector. This thesis also
has to be read from such a holistic perspective. Consequently, the target group of this final report is
anyone who is interested in creating a better built environment.

My own path in the built environment already started as a tfeenager while visiting a unique technical
high school for building construction and gaining practical experience along the way. Thereafter, |
combined my two Bachelors of Architecture as well as Management and Economics in MBE. What |
especially liked about this Master’s is that it often looks beyond the focus on individual buildings —
something that was missing in my previous education.

This thesis has quite literally been an exploration of what it means to go beyond the framing of
conventional building projects. Whether you are someone who hears the terms regenerative
development and design for the first time, or someone who is confused by all the different definitions
and frameworks of this topic — I hope at some point while reading this thesis you think: (now) it makes
sense.

Enjoy reading this report!

Xi
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Introduction

1 Introduction

This chapter introduces the posed problem that is investigated by this master thesis. It then continues
to summarize the studied literature from the second chapter. Based on this literature review, research
gaps are identified and a main research question is formulated. The infroduction finishes by
describing the relevance of this graduation topic in the broader scientific and professional context.

1.1 Problem Statement

The built environment (BE) is among the three
most crifical systems that impact nature, along-
side energy as well as agriculture and food
(WBCSD, 2024). As one measure for nature loss,
the living planet index, shows a 73% decline
over the past 50 years (WWF, 2024). In Europe,
the BE is characterized by extensive green-
house gas (GHG) emissions, resource consump-
tion and nature degradation. It is responsible
forroughly 35% - 40% of energy use and carbon
emissions. Moreover, it consumes half of all ex-
tfracted materials and is responsible for one
third of all waste generation (European Com-
mission, 2024a). This problem is increased by the
projection that the construction sector is ex-
pected to double in size from 2020 to 2030
(WEF, 2024b). Furthermore, the year 2030 is also
the crucial milestone for reducing human-
driven GHG emissions, given that disruptive cli-
mate-related events are expected to happen
more frequently with consequences beyond
the design of the BE (Cole, 2020). As aresult, the
conceptualisation of building projects should
move beyond current boundaries, driven by
short-term profit-making motives, to enable sus-
tainable change (Chan, 2023). This change is
crucial, given that the earth has already trans-
gressed almost seven of its nine environmental
boundaries, which define the safe operating
space for humanity (Richardson et al., 2023).
The most recent global risks report by the World
Economic Forum ranks 33 different economic,
environmental, geopolitical, societal and tech-
nological risks based on the severity of their im-
pacts (WEF, 2025b). It shows that in the long-
term, the top four of the five most concerning
risks are environmental, or nature related (Table
1). As described above, these are impact areas
directly influenced by the built environment.

Short-term Risks (2 yrs.) | Long-term Risks (10 yrs.)

1. Mis- & Disinformation | 1. Extreme Weather

2. Extreme Weather 2. Biodiversity Loss and

Ecosystem Collapse

3. State-based Armed
Conflict

3. Crifical Earth System
Change

4. Societal Polarization | 4. Resource Shortages

5. Cyber Warfare 5. Mis- & Disinformation

Table 1.1: Global Risks 2025 (based on WEF (2025b))

Buildings not only cause challenges for plane-
tary health, they can also have a harmful im-
pact on the wellbeing of people, since humans
spend 90% of their time inside them (WorldGBC,
2020). These problems are intensified because
the architecture, engineering, construction
(AEC) and real estate (RE) industry is one of the
least productive, innovative and digitalized
(Agarwal et al., 2016). Additionally, it lacks @
sufficient capable workforce and the produc-
tivity fo address the high demand of new con-
struction (Mischke et al., 2024). Therefore, the
necessary transformation is often framed by
recommendations for fechnologies and busi-
ness models that focus on building more and
building quicker, instead of building beftter
(Chan, 2023). It is increasingly recognized that
humanity stands at a pivotal moment. Scientists
stress the urgent need for significant reductions
in global anthropogenic GHG emissions by
2030 to prevent the Earth's climate system from
crossing crifical tipping points, which could
lead to severe societal consequences. The pro-
gress achieved each year is therefore of im-
mense importance. This calls for a regenerative
future of the AEC & RE sector (Cole, 2023).
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1.2 Literature Summary

The value of real estate is increasingly being in-
fluenced by environmental, social and govern-
ance (ESG) related issues. Still, the surpassing of
the planetary boundaries clearly shows that the
current approach to sustainability is not suffi-
cient in addressing these problems. In the past
decades, the concept of a regenerative built
environment hasincreasingly been studied and
occasionally applied in practice to deal with
this. The main idea is that, instead of trying to
make the AEC & RE industry ‘less bad’ towards
the planet and its people — making it sustaina-
ble — humanity has the opportunity to develop
the built environment in a regenerative way,
benefiting the whole ecosystem of people and
planet with net-positive impacts.

The concept of regeneration has first been ap-
plied to the built environment in the nineties
(Lyle, 1994). These ideas have been expanded
since the early 2000s by Reed (2007) and oth-
ers. Nowadays, it is increasingly being referred
to as an approach to move beyond the net-
zero aim of the UN'’s sustainable development
goals. Regenerative approaches are interre-
lated with sustainable and circular ones, which
are quite well defined already. However, the
regenerative approach lacks clear and collec-
tively agreed upon definitions and principles,
conftributing to its slow adaption.

In Europe, new regulations like the EU Taxon-
omy force the real estate market to move to-
wards sustainability — which is seen as the neu-
tral point (net-zero) where no damage is
caused by economic activities. The regulo-
tion’s ‘substantial contribution criteria’ are un-
derstood to have regenerative, or net-positive
impacts, forcing the whole sector to think re-
generatively. This shift in mindset also necessi-
tates to take the whole life cycle of buildings
info account, enabling new business opportu-
nifies fo create value for all project stakehold-
ers. In the context of the Netherlands, inter-
linked problems such as a housing and energy
crisis, flood risks, spatial limitations, extensive ur-
banisation, gentrification and nature degrada-
tion also call for taking regenerative action.

1.3 Research Gaps

Even after 30 years of research, it is still not well
defined what regeneration in the built environ-
ment fruly means, how it can be implemented
and what is necessary to enable it. The litera-
ture review in Chapter 2 has identified several
research gaps. A fundamental gap exists in the
definition of the key ferms related to a regener-
afive built environment. Additionally, it appears
that each researcher and organization has
their own definitions of concepfs like ‘regener-
afive design’ and ‘regenerative development’.
While they all have the similar goal of moving
beyond the neutral point of sustainability, a uni-
versal definition is still missing. Moreover, it is am-
biguous which regenerative principles can ac-
tually be applied in building projects. An addi-
tional third gap that demands further research
is assessing the net-positive impacts that go be-
yond net-zero. The fourth research gap ad-
dressed by this study is how regenerative princi-
ples can be implemented into real estate pro-
jects. While studying the built environment in
the Netherlands, one comes across humerous
projects that claim to have innovative solutions
for sustainability and circularity. With the an-
swers to the four research gaps mentioned
above, these projects can be evaluated from
a regenerative perspective. This results in the
main research question, addressed by this mas-
ter thesis in the Dutch confext:

How can a regenerative built environment be
defined, applied, assessed, implemented and
evaluated for real estate projects?

1.4 Research Relevance

This research is highly relevant for academia
and practice, as it can help the built environ-
ment fo move beyond merely minimizing dam-
age and to create net-positive impacts by ad-
vancing sustainability and circularity. Further re-
search into the topic is necessary since it could
advance the AEC & RE sectors towards regen-
erative sustainability. Further explanation on
the relevance of the main research question
and its four sub-questions can be found in
Chapter 3.
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2 Theoretical Background

This chapter begins with exploring the value of real estate and provides an overview of sustainable,
circular and regenerative buildings. Their interrelations with each other call for life cycle thinking as a
more holistic approach of looking at the built environment. Based on this, a case for regenerative
real estate projects in the European and particularly Dutch context is explored.

2.1 The Value of Real Estate

Across societies worldwide, the divide between
the rich and poor confinues to widen. Those
who possess or manage capital are among the
primary beneficiaries of this frend. This issue is
particularly evident in real estate (RE) - the
world’s largest investment asset class — which in
the past, has consistently delivered robust and
resilient returns over extended periods. Yet, real
estate also highlights inequality starkly, as it rep-
resents the largest living expense for most peo-
ple, often underscoring disparifies in how indi-
viduals live (Birgisddttir, 2023). Within the current
global economy, the largest sector with a share
of 13% of the global GDP is the built environ-
ment, consisting of real estate, infrastructure
and industry constructions (Ribeirinho et al.,
2020). Real estate as an investment asset class
accounts for 10% of this GDP (WEF, 2021). For
decades, real estate developers have estab-
lished themselves as leaders in the production
of space, which can be seen as the physical
manifestation of real estate values, like return
on investment and profitability. Although, often
these values align poorly with the creation of
other societal values (Robin, 2022). Moreover,
recent economic frends have made real es-
tate development less profitable and more
challenging (Branes et al., 2023). Currently, the
industry is still grappling with significant financial
challenges, following a decade of easy access
to cheap debt that drove construction. This
was later intensified by monetary policies that
temporarily masked the financial burdens
caused by the pandemic (PwC, 2023).

It is evident that the real estate industry needs
to fransform to enable a more liveable, afford-
able, resilient and sustainable future (WEF,
2021). This is emphasized by the fact that envi-
ronmental, social and governance issues (ESG)

are expected to have the most significant im-
pact on European real estate values by 2050
(PwC, 2023). Considering the environmental im-
pacts of real estate projects can already cre-
ate enhanced life cycle value (Boland et al.,
2023). However, there is concern that ESG
might be too narrowly focused to fully capture
the wider complexities of real estate and its
complete impact on society. In fact, many
stakeholders in the industry voice frustration,
feeling that the ESG agenda often detracts
from the commercial priority of creating value
by delivering high-quality real estate. This is fur-
ther intensified by the uncertainty that what is
seen as sustainable now could change signifi-
cantly until 2050 (PwC, 2024).

While it is impossible to know how 2050 will look
like, it is certain that the current linear economy
faces a ‘polycrisis’ (UNEP, 2024b) with systemic
flaws like unsustainable growth, overconsump-
tion and siloed short-term thinking. Conse-
quently, value must be redefined and focus on
human and planetary flourishing (EY, 2024).
High-quality RE should therefore create value -
in other words; be beneficial (Drees & Sommer,
2023b) - for people and planet. The following
chapters explore how projects can do thatin a
regenerative future (Figure 2.1).
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Figure 2.1: 2050 Scenarios (based on Arup (2020a))
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2.2 Sustainable Real Estate

In 1987, sustainable development was first de-
fined in the so-called ‘Brundtland Report’ as:

"development that meets the needs of the pre-
sent without compromising the ability of future
generations to meet their own needs" (United Na-
fions, 1987, p. 41).

2.2.1 Green Buildings

35 years ago, in 1990, the first voluntary sustain-
ability assessment method for buildings -
BREEAM (Building Research Establishment Envi-
ronmental Assessment Method) - was infro-
duced. This provided the RE industry with an un-
derstanding what ‘green buildings’ are (Cole,
2020). Yet, these assessments can restrict crea-
tivity, because their performance targets are
based on conventional buildings, which are not
sustainable (Birkeland, 2022), and do not ad-
dress the complex interrelationships of natural
and human social systems (Reed, 2007). Never-
theless, it generated the idea of green building
as a competitive business advantage by meas-
uring, assessing and rating sustainability (Du
Plessis, 2012). Since then, buildings with re-
duced environmental impact became a clear
business case that can easily be expressed in
monetary values (Kempeneer et al., 2021).

2.2.2 SDGs & ESG

Investors are now increasingly interested in tak-
ing info account environmental, social and
governmental (ESG) factors in their investments
to reach the UN’s 17 Sustainable Development
Goals (SDGs) (Kempeneer et al., 2021). These
goals are powerful, since they are commonly
known and many countries committed fo its
169 sub-targets. Its four environmental goals
represent the planetary boundaries of the bio-
sphere in which society and its economy are
embedded (Birgisdottir, 2023). ESG values have
shiffed from check-the-box items to key drivers
of value creation (Branes et al., 2023). As a re-
sult, sustainability in the BE is often focused on
balancing these three values. In other words, to
sustain the status quo — to make RE develop-
ment 'less bad’ towards people and planet.

2.2.3 Sustainability Certifications

The ESG balance is assessed by an abundance
of rating systems for the sustainability of build-
ings, with various focuses on different values
(GXN, 2018; Kempeneer et al., 2021). A study
from 2018 compared ten building certification
systems based on their environmental, social
and economic dimensions and summarized it
in 13 aspects (Figure 2.2). On average, the se-
lected certification systems focused on the fol-
lowing (GXN, 2018):

e Environmental Dimension (52%)
o environmental impact, resources, biodi-
versity, recycling, toxicity
e Social Dimension (43%)
o safety, health, architecture, transport, so-
cial responsibility
e Economic Dimension (5%)
o life cycle costing, area use, value stability

BREEAM
Er

mental 66%

Active House
Enviromental 61%

y

Green Star
Enviromental 67%
Economic 1%

LEED Miljobyggnad
Enviromental 68% Enviromental 61%
2 Ecc nic 2% Ec mic 3%
' Social 30% Social 36%

Nordic Swan " WELL

En al 83% Enviromental 2%
Ecc 1% Economic 1%
Sox Social 97%

Figure 2.2: Green Certifications (GXN, 2018, p. 143)
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Figure 2.2 shows that each ratfing system puts
varying emphasis on the different aspects.
While BREEAM and LEED focus more on environ-
mental aspects, WELL almost exclusively con-
siders social impacts. The two most balanced
systems seem to be DGNB, which gives almost
equal attention to each of the three dimen-
sions, and the Living Building Challenge (LBC),
which almost has a half/half focus on environ-
mental and social parameters, although ex-
cluding economic impacts.

Today, sustainability certfifications play a key
role in real estate valuations. It is now required
to disclose the energy label when delivering,
selling or renting properties. However, the built
environment remains one of the world's most
degraded ecosystems and is far from transition-
ing tfo a circular economy (Greco et al., 2024).

2.3 Circular Real Estate

The AEC & RE sector is in a complex transition
towards a circular economy (CE). This makes it
face numerous challenges, beginning with de-
fining circularity (van Uden et al., 2024). The first
standardized CE definition by the International
Organisation for Standardisation (ISO) is:

“The circular economy is an economic system
that uses a systemic approach to maintain a cir-
cular flow of resources, by recovering, retaining
or adding to their value, while contributing to sus-
tainable development” (ISO 59004, 2024).

From an academic perspective, one study an-
alysed 221 definitions of the circular economy
and created the following meta-definition:

“The circular economy is a regenerative eco-
nomic system which necessitates a paradigm
shift to replace the ‘end of life’ concept with re-
ducing, alternatively reusing, recycling, and re-
covering materials throughout the supply chain,
with the aim to promote value maintenance and
sustainable development, creating environmen-
tal quality, economic development, and social
equity, to the benefit of current and future gen-
erations. It is enabled by an alliance of stakehold-
ers (industry, consumers, policymakers, aca-
demia) and their technological innovations and
capabilities” (Kirchherr et al., 2023, p. 7).

The same research also found that in about
one quarter of definitions the term ‘regenera-
tive' appeared (Kirchherr et al., 2023). Most
prominently by the Ellen MacArthur Foundation
(EMF). According to the EMF, “the circular
economy is restorative and regenerative by
design” (EMF, 2024, p. 25), and crucial to
achieving Europe’s sustainability goals. EMF
summarizes three principles: (1) eliminate waste
and pollution, (2) circulate products and mate-
rials, and (3) regenerate nature (EMF, 2024) p.
25. Circular buildings are designed, built and
operated in a way that aligns them. (Pomponi
& Moncaster, 2017) and building according to
these principles reduces environmental impact
while creating value for businesses (Circular
Building Coalition, 2023). New business models
can capture this value by thinking about con-
struction in a new way (Hall et al., 2022).

2.3.1 Circular Transition

As of foday, the world is seen as less than ten
percent circular (Kirchherr et al., 2023). Espe-
cially within the AEC sector, conservatism hin-
ders the fransformation to a CE (van Uden et
al., 2024) and it suffers a theory-practice divide
(Greco et al., 2024). Three actions have been
found to accelerate this transition: (1) value
chain collaboration, (2) circular thinking and
capability development, and (3) using digital
technologies (WEF, 2023).

2.3.1.1 Circular Value Chain

Interdisciplinary collaboration across the value
chain has potential to result in a significantly
faster and more efficient process. Additionally,
it can improve communication and coordina-
tion among stakeholders, resulting in better
building solutions. By integrating circularity and
sustainability throughout the process, this ap-
proach promises to deliver durable, feasible,
and environmentally friendly buildings (Brusa
Cattaneo, 2024). This collaboration is key to
managing the decenftralized value chain of the
AEC industry to drive integration, partnerships
and standardized circular products across as-
sets and regions. Embedding circular capabili-
ties within organizations is essential, as most key
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design choices and their lasting impact are
made in the early design phases. Circular de-
velopment is based on a process that inte-
grates looping actions (like R-strategies) adap-
tive actions (like systemic change) and regen-
erative actions (like providing ecosystem ser-
vices) into its process. However, adaptive and
regenerative actions remain insufficiently re-
searched (Bucci Ancapi et al., 2022). Particu-
larly regeneration as a core principle of a circu-
lar built environment has been predominantly
overlooked (Cetin et al., 2021).

2.3.1.2 Circular Thinking

Limited skills, capacity and understanding of
circularity have led to a reliance on linear,
small-scale initiatives, hindering the scaling of
circular solutions. This knowledge gap prevents
stakeholders from fully recognizing the environ-
mental social and economic benefits, leading
to the business case for circular practices being
underestimated. As a result, innovative tech-
nologies are overlooked and short-term gains
are prioritized over long-term system benefits
(EMF, 2024). Recently, three ambitions with 50
action areas for a circular built environment,
with the potential to generate 575 billion euros
of annualrevenue, have been identified. These
ambitions are: (1) revitalising land and assefts,
(2) maximising nature in cities, and (3) optimis-
ing building design and materials (EMF, 2024).

2.3.1.3 Circular Technology

Circular real estate requires a new construction
process to optimise a building’s life cycle. Since
most decisions regarding the circularity of short-
and parficularly long-lived building layers
should be made early in the process (Gerding
et al., 2021). Digital technologies are crucial in
enabling a circular built environment. These in-
clude: robotic manufacturing, Al, data analyt-
ics, blockchain, BIM, digital platforms, digital
twins, GIS, material passports and the loT (Cefin
et al., 2021). Specifically for real estate devel-
opment projects, digital life cycle assessment
(LCA) tools can assist fo assess circularity bene-
fits throughout the project’s timeline and ena-
ble developers to reduce the negative impacts
of their buildings (Brusa Cattaneo, 2024).

2.3.2 Circular Architectural ‘Style’

These transitions are leading to an increased
standardization, modularity and industrializa-
tion of construction (Hall et al., 2022). Addition-
ally, a culture of circular construction is also
about enabling buildings with a long lifetime.
Strategies for circular buildings will always have
technical consideratfion as a starting point. This
should be combined with two additional
equally important strategies: functional versatil-
ity as well as cultural appreciation through de-
sign quality, so that a building’s value remains
or grows over time (Brusa Cattaneo, 2024). The
technical and functional design principles of
circular construction are described extensively
in existing literature (see Chapter 4), but what is
often given less emphasis is how the need of
building circular and turning buildings intfo tem-
porary ‘material banks’ (BAMB) can create
new architectural qualities (Figure 2.3). Brusa
Cattaneo et al. (2024) argue that the built en-
vironment should be optimized for a circular
economy. ‘Free-form architecture’ should
therefore only be done for buildings with higher
significance and thus just for a few percent of
the total new building stock. An analysis of cir-
cular buildings reveals their similarity to charac-
teristics of classicist architecture from the nine-
teenth century. Both styles are characterized
by a balance between familiar forms and an
individual interpretation by the design team.
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Figure 2.3: Circular 'Style’ (Brusa Cattaneo, 2024, p.
125)
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2.4 Regenerative Real Estate

2.4.1 Shifting Worldviews

Buildings are an embodiment of the values and
technological capabilities of a society at the
time of their creation. They also capture the pri-
ority that a society places on environmental is-
sues. Within western societies, an anthropocen-
fric worldview, that implicitly places human
ventures as dominant over, and essentially in-
dependent of nature, is still prevalent. This cen-
tury, humans face a major challenge in frans-
forming what they value by taking enduring re-
sponsibility, rethinking economic systems and
developing within planetary and social bound-
aries through replacing the anthropocentric
worldview by an ecological one. This ecologi-
cal worldview proposes that humans are an es-
sential part of an inferconnected and interde-
pendent living system (Cole, 2020).

Technological advancements have a pro-
found impact on building design. Innovations
like air conditioning, electric lighting and eleva-
tors have enabled greater design flexibility
while enhancing comfort for occupants. How-
ever, these technologies have also significantly
increased operational energy use and the as-
sociated emissions. Since the emergence of
modern environmentalism in the 1960s, various
events shaped societal atftitudes toward envi-
ronmentalissues, which in turn, have influenced
building design and construction practices (Fig-
ure 2.4). In the past two decades, ‘regenera-
tive' approaches have gained traction as a
way to redefine building practices to create
broader and more intentional benefits. These
approaches hold great potential to advance
the complex ‘systems thinking' required to ad-
dress the interconnected disruptions of soci-
ocultural and ecological systems, driven by cli-
mate change (Cole, 2020).

1990 2000 2010 2020 2025 2030
I I I I I I
Worldview Anthropocentric Worldview Emerging Ecological Worldview
Kev Event Cold War Ends 9/11 Financial COVID-19 & Economic Environmental
ey tvenis & EU Formation Crisis Ukraine War Uncertainty Instability?

. - . Health & Cost of Living Inequality &
Societal Concerns Globalization Security Economy Misinformation & Geopolitics  Social Unrest?
Building Approach Green Sustainable Circular Regenerative?
Knowledge Framing Mechanistic Scientific Thinking Emerging Holistic / Living Systems Thinking

1 1 1 1 1 1
I T 1 1 1 T
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Figure 2.4: Shifting Worldviews and Building Approaches (own illustration, based on Cole, p. (2020, p. 7))

2.4.2 Definitions of Regeneration

The regenerative concept proposes that build-
ings, infrastructure and cities can be devel-
oped in a way that they regenerate lost eco-
systems (Lyle, 1994). It is an interactive process
that heals the damage that the built environ-
ment has caused to the ecosystem of which
humans are part of. The solution to achieving
planetary health is in the question how to heal
this damage and how to endure a healthy in-
terrelationship with living systems (Reed, 2007).

2.42.1 Regeneration

From a mechanistic perspective, regeneration
can be seen as a universally applicable closed-
loop system that can be scaled up or down to
fit any project. From an ecological worldview,
this does not make sense because regenera-
tion is an integral capacity within an open and
living system (Mang & Reed, 2012). As articu-
lated in Lyle's pioneering work on the topic:

“Regeneration has to do with rebirth of life itself,
thus with hope for the future” (Lyle, 1994, p. 11).
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Regeneration has since then asked the ques-
tion what the purpose of sustainability in the
built environment really is and shifted the mind-
set from doing less damage to the environment
to participating with it (Reed, 2007).

“Regeneration of the health of the humans and
local earth systems is an interactive process —
each supports the other in a mutually beneficial
way" — “this moves our frame of discourse from
‘doing things TO nature’ fo one of participation
as partners WITH and AS nature” (Reed, 2007, p.
677).

The building itself is not ‘regenerated’ in the
same way of living systems that are self-healing
and self-organizing. Instead, the focus is on how
the act of building can serve as a catalyst for
positive change and add value to the place
where it is located (Robinson & Cole, 2015).

2.4.2.2 Regenerative Design

In this context, the term regenerative design
was first described as:

“replacing the present linear system of through-
put flows with cyclical flows at sources, consump-
tion centers, and sinks” (Lyle, 1994, p. 10).

Since then, various different definitions have
been formulated in academic articles. Accord-
ing to some of them, regenerative design:

“is a design process that engages and focuses on
the evolution of the whole of the system of which
we are part” (Reed, 2007, p. 677).

“redefines not only the design process, but also
what constitutes design and who qualifies as de-
signer. The role of the architect/ planner/designer
shifts to that of facilitator of a process of reveal-
ing, rather than acting as master mind” (Du Ples-
sis, 2012, p. 18).

“builds the regenerative, self-renewing capaci-
ties of designed and natural systems (the de-
signed inferventions)” (Robinson & Cole, 2015, p.
136).

is “a system of technologies and strategies based
on an understanding of the inner working of eco-
systems that generates designs that regenerate
socio-ecological wholes” (Mang & Reed, 2019, p.
2).

One of the latest definitions comes from ‘UK Ar-
chitects Declare’, an organisation of 1300

architectural practices with the vision to accel-
erate regenerative principles. Their definition is:

“Regenerative design mimics natural ecosystem
processes, which keep cycling and transforming
materials and grow healthier and more diverse
ecosystems. It uses a systems approach to create
resilient and equitable systems that integrate the
needs of society with those of nature. This means
looking beyond the boundary of a project or a
specific site. By doing so, it delivers positive envi-
ronmental and social oufcomes, ensuring both
human and planetary health” (UK Architects De-
clare, 2024, p. 8)

2.4.2.3 Regenerative Development

More recent papers have made a differentia-
tion between regenerative design and regen-
erative development. According to this distinc-
tion, regenerative development ensures that
design processes achieve maximum regenera-
five impact and systemic support. Regenera-
five design is the means of achieving this
through the replacement of linear systems with
cyclical ones (Mang & Reed, 2019). In some of
those definitions, regenerative development:

“contracts with the entire social-ecological sys-
tem fo grow the system’s capacity to evolve and
increase its potential” (Du Plessis, 2012, p. 18).

“creates the conditions necessary for ifs sus-
tained, positive evolution” (Robinson & Cole,
2015, p. 136).

is “a system of developmental technologies and
strategies that works to enhance the ability of liv-
ing beings to coevolve, so that the planet contin-
ues to express its potential for diversity, complex-
ity, and creativity through harmonizing human
activities with the confinuing evolution of life on
our planet, even as we continue to develop our
potential as humans. Regenerative development
provides the framework and builds the local ca-
pability required fo ensure regenerative design
processes achieve maximum systemic leverage
and support through time” (Mang & Reed, 2019,
p. 2).

“uses a place-based systems thinking approach
to actively generate positive, co-evolutionary,
ecological, and social outcomes from develop-
ment, particularly via feedback between them”
(Buckton et al., 2023, p. 826).
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2.4.2.4 Regenerative Sustainability

Regenerative development and design, to-
gether, offer a framework to create, apply and
infegrate a combination of modern and tradi-
tional fechnologies to design, manage and
evolve sustainable built environments, tfo
achieve positive social-ecological results, in-
cluding (Mang & Reed, 2019):

¢ Increasing the health of humans and nature

e Providing additional resources and energy

¢ Constructing a connection to place, eno-
bling the required changes for the above to
happen, persist and evolve over time

Achieving regenerative sustainability (Figure
2.5) requires broad engagement beyond indi-
vidual buildings or communities. However, the
AEC & RE industry often limits and constrains it-
self by pre-design decisions that narrow the
scope and role of the designer. Regeneration
emerged partly to address these challenges. It
distinguishes development and design as infer-
dependent processes, each essential to
achieve a broader impact, as neither can fully
succeed in promofting sustainability on its own
(Mang & Reed, 2019). Regenerative develop-
ment and design as a concept has also been
differentiated from the regenerative sustaina-
bility concept. While both focus on adding net-
positive value, the former is rooted in an eco-
logical worldview, systems thinking and

assumptions of a set of ‘truth’ about the world.
Here sustainability is dictated by constraints.
The latter stems from constructivism which sees
reality as contested and socially constructed.
Here sustainability is informed by conse-
qguences of different courses of action (Robin-
son & Cole, 2015).

2.4.2.5 Conceptual Differentiations

Sometimes, the word ‘regeneration’ is used in
combination with ‘restoration’, like in the defini-
fion of the circular economy, which is ‘restora-
tive and regenerative by design’. The differ-
ence between the two terms is that restoring
means fo make damage well again by refurn-
ing to an unspecified origin state, while regen-
eration means to make something better than
a supposed origin state (Morseletto, 2020). The
central concept of regenerative development
and design is its focus on the larger social-eco-
logical system, or place, where a building is
seen as just one of many interconnected ele-
ments (Mang & Reed, 2019). This is what differ-
entiates it from ‘urban regeneration’, which fo-
cuses on revitalizing declined urban areas (Du
Plessis, 2012). Regenerative development is
also not about recreating previous undevel-
oped ecological states, as stated in the EU na-
ture restauration law (European Commission,
2024c), but concerned with creating net-posi-
five impacts through new development.
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Figure 2.5: Degenerative and Regenerative Sustainability (own illustration)
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Figure 2.5 illustrates a version of the (almost
iconic) diagram first drawn by Reed (2007),
which is included in many publications about
regeneration in one form or another. Sustaina-
bility (net-zero) is seen as the neutral point
where positive social-ecological impacts are
equal to negative ones. Beyond this point lies
the restorative and regenerative sphere.

2.4.3 Frameworks for Principles

This secfion explores twelve regenerative
frameworks for the built environment with di-
verse focuses on different principles. Each of
the frameworks is based on principles that are
mostly unrelated to other frameworks, wit oc-
casional overlaps in terminology.

2.4.3.1 Regenerative Development Principles

by Regenesis

Perhaps the most comprehensive examination
of regeneration in the built environment is the
book ‘Regenerative Development and Design:
A Framework for Evolving Sustainability’ by
Mang & Haggard (2016) from Regenesis Group.
In the book, regenerative development is de-
scribed as defining the desired outcome and
regenerative design as the means of achieving
it. Regenerative development asks the ques-
tion: “How do we increase human impacts in
ways that are consciously beneficial?” (Mang
& Haggard, 2016, p. 154). The book answers this
question by describing a framework with nine
principles:

o “Design for evolution”

This principle builds on the well-established prin-
ciple of Brand (1994), that the layers of buildings
should evolve to respond to changing require-
ments. In practice, this means that projects
should not be defined by the functions that
they deliver, but by their roles in relation to their
systemic context, to which it has to be adapted
to respond appropriately and enable value-
generating activities.

e ‘“Partner with place”

To identify the scale of a project’s influence a
three-level framework can be used: ‘project’
‘oroximate whole' and ‘greater whole'.

e "“Call forth a collective Vocation”

A ‘statement of vocation’ can emerge from
the interactive process that involves people in
designing what a place is set to become from
itfs unique potential.

e “Actualize stakeholder systems toward co-
evolving mutualism”

Real estate developers are often conditioned
to see their relationship with local communities
from a fransactional perspective to get their
projects approved. However, regenerative
projects require shared ownership of change
and the five forms of capital — social, natural,
produced, human and financial - among the
'stakeholder guild’ as natural ally or ‘co-inves-
tor' to generate systemic change.

e “Work from potential, not problems”

A project team must start with exploring the re-
generative potential of a place, without focus-
ing on its problems, which drain energy, divert
attention from creating what is truly valued and
disconnect stakeholders from their purpose,
weakening commitment.

e “Find your distinctive, value-adding role”

Beginning with the pre-design phase, a project
becomes regenerative when it enables a
place and its stakeholders to bring new value
into the world.

e ‘Leverage systemic regeneration by making
nodal interventions”

A regenerative practitioner needs to analyse
the flows within a system to discover leverage
points and the true relationship between a pro-
ject and its environment to tweak the design
accordingly.

o “Design the design process to be develop-
mental”

A successful regenerative project supports the
ongoing co-evolution of systems through con-
tinued collaboration beyond project hando-
ver. Therefore, regeneratfive development
gives equal attention to process and product —
a developmental design process.
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e ‘“Become a systems actualizer”

On the one hand, regenerative development
demands ‘outer development’ of places, on
the other hand it also requires ‘inner develop-
ment’ of those who inhabit them. Regenerative
practitioners also need to develop themselves
to work creatively with the uncertainty and am-
biguity of complex systems.

2.4.3.2 Lliving Design by UBC and Perkins&Will
Poetics &
Beauty
Health & Conceptual
Well-Being Clarity
Resilience & Research &

Regeneration Innovation

Community &
Inclusion

Technology &
Tectonics

Figure 2.6: Living Design (Perkins&Will, 2024)

Already in 2008 the University of British Columbia
(UBC), developed a regeneratfive design
framework in collaboration with the architec-
ture firm Perkins&Will. The primary objectives
were fo initiate a dialogue and move beyond
building and site boundaries, enhance health
of a place’s ecological and human systems,
highlight ecological and human benefits from
regenerative approaches and facilitate an in-
terdisciplinary design process. The aim was to
create a mindset shift among stakeholders by
framing questions in ways that highlight cyclical
resource flows and the interconnections be-
tween human and natural systems (Cole et al.,
2012). The framework has since then evolved
intfo seven ‘lenses or design drivers’ to ‘push be-
yond sustainability foward regeneration’ (Per-
kins&Will, 2024). These are shown in Figure 2.6.

2.4.3.3 REGEN by USGBC
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Figure 2.7: REGEN (Svec et al., 2012, p. 89)

In 2011 the US Green Building Council (USGBC)
took its first step in exploring how to transform
the LEED certification toward regenerative de-
sign and development. The framework lists 40
‘components of life’, organized into four quad-
rants (Figure 2.7): (1) robust and resilient natural
systems, (2) high-performing consfructed sys-
tems, (3) prosperous economic systems, and (4)
whole social systems (Svec et al., 2012).

2.4.3.4 LENSES by Colorado State University

The LENSES (Living Environments in Natural, So-
cial, and Economic Systems) framework was
developed by researchers from Colorado State
University (CSU) in 2012, to synthesize regenero-
tive whole systems principles (Figure 2.8). It is
built on three ‘lenses’. The outer circle repre-
sents the ‘foundation lens’ and articulates guid-
ing principles, while the inner three circles sym-
bolize the nested triple bofttom line (economic,
social, natural). The second-most outer circle is
called ‘place lens’ and addresses critical issues
which are based on categories in green build-
ing systems. The third-most outer circle, the
‘flows lens’, considers the movements of any el-
ements through a place or building. It can be
‘rotated’ to consider each flow's impact on a
place (Plaut et al., 2012).
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Figure 2.8: LENSES (Plaut et al., 2012, p. 116)

2.4.3.5 STARfish by University of Melbourne

STARfish is a net-positive design tool, that can
be used from the earliest project phases, with
the ability fo add more data as the project pro-
gresses. It has six main focuses (Figure 2.9): ma-
terials/waste,  ecology/biodiversity, green-
house/carbon,  planning/spatfial  relafions,
health/life quality, and efficiency/energy
(Birkeland, 2022).

Figure 2.9: STARfish (Birkeland, 2022, p. 21)

2.4.3.6 Doughnut for Urban Development by
Home.Earth & EMF

Doughnut Economics criticises that social and
environmental limits are labelled as externalities
by fraditional economic theory (Cheshire,
2024). The Doughnut for UD was developed by
Danish RE developer Home.Earth and the EMF
as tool for the built environment (Figure 2.10).

\CAL CEILjpye

Figure 2.10: UD Doughnut (Birgisddttir, 2023, p. 30)

The inner ring — social foundation — defines the
minimum standards required for human well-
being, while the outer ring — ecological ceiling
— represents the planet's limifs. The impact ar-
eqas are grouped in six categories:

e Social Foundation (Inclusive, Equitable, Re-
sponsible and Connected Development)

e Ecological Ceiling (Climate Stability &
Healthy Ecosystems)

The space between forms a ‘safe and just
space for humanity’, which is regenerative and
distributive. The twelve social dimensions are
organized into principles of connected, inclu-
sive, equitable, and responsible urban devel-
opment. Similarly, the ecological ceiling high-
lights the Earth’s two core systems: climate sta-
bility and healthy ecosystems. Seeing these di-
mensions through the two perspectives of ‘lo-
cal aspirations’ and ‘global responsibilities’ re-
sults in four lenses to explore regenerative pro-
jects: social-local, social-global, ecological-lo-
cal and ecological-global (Birgisddttir, 2023).

A pioneer of implementing Doughnut Econom-
ics is the city of Amsterdam, with its vision of “a
thriving, regenerative and inclusive city for all
citizens, while respecting the planetary bound-
aries” (DEAL, 2020, p. 3). It intends to stimulate
collaboration within the city and enable
change by connecting city actors.
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2.4.3.7 Regenerative Design by AECOM

In the book ‘Regenerative by Design’, written
by AECOMS’s Sustainability Director, regenera-
tive design is also conceptualized as seven de-
sign principles that range beyond the building
site across the entire ecosystem (Figure 2.11).
This integrated design approach is described to
have so many overlaps between different
themes that they lose their definition. The
themes are (Cheshire, 2024):

e Understand the Pre-Development Site
e Overarching Principles
o Design within Environmental Budgets
o Provide Ecosystem Services
o Apply Systems Thinking
o Applied Strategies
o Design for a Circular Economy
o Apply Bio-inspired Design
o Designin Green/Blue Infrastructure

According to this framework, regenerative de-
sign begins with understanding the site’s pre-
development state. These pre-development
metrics are needed to define what ecosystem
services are required. To do this, environmental
budgets have to be quantified. The develop-
ment then has to be designed within these limits
to ensure that it can create net-positive im-
pacts for the site (Cheshire, 2024).

planetary limits
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Figure 2.11: AECOM Regenerative Design Frame-
work (Cheshire, 2024, p. 26)

2.4.3.8 Regenerative Design by Arup

For Arup, regenerative design is a holistic ap-
proach that integrates human systems with nat-
ural systems, enabling them to coexist and
evolve over fime, because human health and
survival depend on the health of planet and
ecosystem. Consequently, regeneration does
not aim to replicate pre-development ecosys-
tems but to explore how the built environment
can collaborate with nature to fulfil functions of
past ecosystems. Based on the understanding
that “everything we do affects everything else”
and that “we must consider the consequences
of our actions”, they make a ‘socio-economic
case for regenerative design’ and formulate
three main principles (Figure 2.12):

¢ Nature-led (enhance & emulate nature)
o Systemic (restore, protect & replenish)
o Equitable (co-creation & collaboration)

The framework also addresses the enabling en-
vironment for a regenerative future, which in-
cludes six change areas (called STEP UP): so-
cial, technological, economic and political
change, as well as uncertainty and partner-
ships. According to the authors this change
could move the built environment from degra-
dation and conventional practices fowards re-
generative and positive actions (Arup, 2024).

Regenerative
Design

= Guiding LS
- Principles A
23, / 32
3 ]
=3 Owm
@ &

foundations

Figure 2.12: Arup Regenerative Design Framework
(Arup, 2024, p. 18)
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2.4.3.9 People & Planet Methodology + Living
Places Principles by EFFEKT & VELUX

The Living Places case study by the Danish ar-
chitecture firm EFFEKT in collaboration with win-
dow manufacturer VELUX calls for a reconnec-
tion of people and planet by acknowledging
the impact of buildings on human and plane-
tary health. Five guiding principles have been
formulated to balance human wellbeing and
planetary health. These are the following
(EFFEKT, 2023):

e Healthy Planet Principle
o minimizing full life cycle emissions, energy
efficiency, sustainability
¢ Healthy People Principle
o daylight, thermal comfort, indoor air
quality, acoustics, outdoor connection
e Shared Principle
o sense of community, access over owner-
ship, efficient space use, shared living
¢ Adaptive Principle
o modular typologies, flexible
e Scalable Principle
o efficiency, affordability, LCA optimization
e Simple and Smart Principle
o simple building / smart fechnology, fast &
easy construction, design for disassem-
bly, circularity

2.4.3.10 Regenerative Neighbourhood Ele-
ments by Sweco

Similarly, the regenerative neighbourhood con-
cept by Sweco (2024) identified nine charac-
teristics of regenerative urban development
with potential for European cities:

e Green Infrastructure

e Biodiversity, Native Species & Ecological
Restorations

e Ecosystem Connectivity & Habitat Networks

¢ Water Management, or the Sponge City
Principle

¢ Community Engagement, Social Inclusivity &
Leadership

e Circular Economy & Closed Loops

e Urban Food Production

o Resilient & Adaptive Infrastructure

o Regenerative Transportation & Mobility

2.4.3.11 Regenerative Design Chart by
Rambagll

Ramball argues that a regenerative mindset
should not be one of acting as a ‘saviour of na-
ture’ but to think like a ‘reformed criminal’
wanting to change course due to the aware-
ness of bad deeds in the past. The regenerative
design chart is a tool that lists 16 parameters to
identify regenerative opportunities for any site,
brief and development. An opportunity matrix
ranks them on a scale from one to five, based
on their project specific potentials. The 16 pa-
rameters are illustrated in Figure 2.13 (Rambaill,
2024c).

Figure 2.13: Regenerative Design Chart (Ramball,
2024c, p. 19).

2.4.3.12 The European Manifesto for a Sustain-
able Built Environment by WorldGBC

The World Green Building Council developed
eight priority areas to facilitate the regenera-
tion of European spaces and resources. Ac-
cording to this framework, Europe could lead
an energy efficient, regenerative and just tran-
sifion of the built environment by supporting, es-
tablishing and implementing policies around
the following priority areas: carbon, circular
economy, health, water, finance, resilience, bi-
odiversity, and just transition (WorldGBC, 2024).
The manifesto calls for regulations, information
and incentives that are aligned with the EU Tax-
onomy. Especially the elimination of carbon
emissions across the life cycle of all buildings,
the creation of a circular economy ecosystem,
the acceleration of financing sustainable build-
ing practices and the enhancement of biodi-
versity are heavily interrelated with the new EU
Taxonomy regulation (WorldGBC, 2024).
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2.4.4 Frameworks for Impacts

The net-positive impacts that regenerative de-
velopment and design aims to achieve can be
related to various existing frameworks, certifica-
tion tools and regulations. The following frame-
works are confinuously mentioned within the lit-
erature about this topic. This subchapter delib-
erately does not include the common green
building certifications, since regeneration aims
to go beyond ‘green’.

2.4.4.1 Cradle-to-cradle Certification

The cradle-to-cradle (C2C) concept is one of
the schools of thought that inspired the circular
economy (CE) (EMF, 2023). It is based on the
idea of a 'biosphere’ and a ‘technosphere’, in
which materials and products are continuously
cycled. The relatfionship between the CE and
C2C is explained like this: “If the Circular Econ-
omy is the new vehicle for improving our built
environment, then Cradle to Cradle is the steer-
ing wheel and guidance system” (Mulhall et al.,
2019, p. 15). C2C is marketed as ‘the standard’
for the CE. It differentiates between five cate-
gories for the design phase and the manufac-
turing phase (Figure 2.14). In the context of the
Netherlands, a comparison has been made
between the C2C certification, which
measures performance on a product-level and
the ‘Het Nieuwe Normaal’ (HNN) framework,
which focuses on circular performance on a
building-level. HNN has three themes: environ-
mental impact, material use and value reten-
tion (HNN, 2025). Together, they can acceler-
ate the transition to a regenerative BE.

material health

clean air &
climate
protection

AN O
ca- circularity

social
fairness

water & soil
stewardship

Figure 2.14: C2C Categories (EPEA, 2025a)

2.4.4.2 living Building Challenge

The LBC is the most mentioned impact frame-
work across the reviewed literature about re-
generative development and design in the
built environment. The LBC is a certification tool
for regenerative projects which regards build-
ings as organisms nested within the ecosystem,
fo ‘fransform how we think about design and
construction’ and to ‘positively impact the
greater community of life’. The philosophy was
created in 2006 and is inspired by the charac-
teristics of flowers. As shown in Figure 2.15, it has
seven categories, called petals (Cheshire,
2024). ‘Place’ is aimed at realigning the relo-
fionship of humans and the natfural environ-
ments that sustain them. ‘Water’ addresses the
chemicals and energy used to fransport, purify
and pump the this precious resource. ‘Energy’
is about creating new sources of renewable en-
ergy to enable projects to be operated in a
pollution-free and resilient way. ‘Health + Hap-
piness’ focuses on the creation of healthy
spaces, allowing all species to thrive and con-
necting people to nature. ‘Materials’ aims for
non-toxic, ecologically restorative and tfrans-
parent material use. ‘Equity’ elevates project
goals for just and inclusive developments.
‘Beauty’ is recognized as a basis for a built en-
vironment that serves the greater good (Inter-
national Living Future Institute, 2024).
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Figure 2.15: LBC Summary Matrix (International Liv-
ing Future Institute, 2024, p. 21)
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2.4.4.3 UN Sustainable Development Goals
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Figure 2.16: SDG Wedding Cake (Stockholm Resili-
ence Cenfre, 2016)

The 17 Sustainable Development Goals (SDGs),
were defined by the United Nations (UN) in 2015
as an agenda to transform the world by 2030
(UN, 2015). These 17 goals with their 169 targets
are often categorized into ecological, social
and economic factors. However, rather than
seeing them as three distinct fields, the ‘wed-
ding cake' model, visualized in Figure 2.16,
views the four environmental goals as repre-
senting the planetary boundaries of the bio-
sphere within which society and its economy is
embedded, with the seventeenth goal - ‘part-
nership for the goals’ — tying them all together
(Stockholm Resilience Centre, 2016).

2009

7 boundaries assessed,
3 crossed

2015

7 boundaries assessed,
4 crossed

2.4.4.4 Planetary Boundaries

The planetary boundary (PB) framework identi-
fies nine processes critical to maintain a stable
and resilient earth system. It specifies values for
each boundary that are limits fo the ‘safe op-
erating space’ for humanity. In 2023, six bound-
aries were found to be fransgressed. For all
these boundaries, the degree of transgression
has increased since 2015 and a seventh
boundary — ocean acidification —is currently at
the edge of crossing its limits (Richardson et al.,
2023). Figure 2.17 shows the increase of trans-
gressing the PBs over time. This is expected to
worsen for all boundaries, except for ozone de-
pletion, until 2050 (van Vuuren et al., 2025).

The global linear economy is the major reason
for breaking the planetary limits (EPEA, 2025q).
Particularly the construction of buildings effects
these boundaries in different ways and to vary-
ing degrees. Climate stability is impacted by
large amounts of carbon emissions along the
global supply chain and throughout the life cy-
cle of buildings. Ecosystem health is impacted
by the destruction, degradation and pollution
of natural habitats throughout the supply chain
of real estate projects (Birgisddttir, 2023). Re-
generative thinking emphasizes that net-posi-
tive impacts are not only necessary to minimize
negative effects, but also to reverse the trans-
gression of the PBs.

9 boundaries assessed,
6 crossed

Figure 2.17: Planetary Boundaries (Stockholm Resilience Centre, 2023)
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2.44.5 Doughnut Economics

climate
change

gGOLOG'CAL CE’L/NG

“d'\ust space f,, y
(2
oG\ A4/,

food

water

energy

air p°"“'io,,
um.\“\\"d
(eonuiov

networks

income

housing & work

gender
equality

social political
equity  voice

Figure 2.18: DE (University of Cambridge, 2015)

Doughnut economics (DE) is an economic
model based on the SDGs and PBs. It criticises
the current economic mindset, rooted in theo-
ries from the 19t century. It argues that the aim
of an always growing GDP has resulted in a de-
generative world, in need of a new economic
model. DE sees the nine PBs as an outer circle —
‘ecological ceiling’ - which the economy
should not ‘overshooft’. Its twelve social priorifies
represent the inner circle — ‘social foundation’ —
and are built on the social SDGs. According to
the model, there should be no ‘shortfall’ of
these to meet the needs of all of humanity. The
resulting space between those boundaries rep-
resents the ‘safe and just space’ in which a re-
generative economy should operate (Raworth,
2017). DE builds on the CE by adding social
boundaries and emphasises social-ecological
regeneration by design (Kenter et al., 2025).

Minimum
Safeguards

Do No

Significant Harm

2.4.4.6 New ESG Regulations by the EU

The EU Taxonomy is a new common language
to define sustainability and therefore a starting
point to assess the sustainability, circularity or re-
generative potential of a project. It is a classifi-
cation system to identify ‘environmentally sus-
tainable’ economic activities for sustainable in-
vestment decisions. An economic activity has
to fulfil three criteria to be considered sustaina-
ble (European Commission, 2024b):

o Make a substantial contribution to at least
one of the six environmental objectives:

Climate Change Mitigation

Climate Change Adaption

Sustainable Water Use and Protection

Transition to a Circular Economy

Pollution Prevention and Confrol

Biodiversity/Ecosystems Restoration

¢ Do no significant harm (DNSH) to any of the
other five environmental objectives

o Comply with minimum safeguards

O O O O O O

It can be argued that the ‘minimum safe-
guards’ and DNSH criteria both still promote @
degenerating system, while only the ‘substan-
fial contributions’ can achieve a regenerative
impact (Figure 2.19). Likewise, actors in the built
environment should not claim to have a ‘sub-
stantial contribution’ without their activity being
genuinely regenerative by design in practice.
As explained before, this means having a real
positive impact instead of only minimising the
negative impacts (Birgisdottir, 2023). Moreover,
the current framework only focuses on the im-
pacts of individual buildings, without consider-
ing their surroundings (Peeters, 2024).

SUSTAINABLE

Substantial
Constributions

Figure 2.19: Degenerative vs. Regenerative EU Taxonomy Criteria (Birgisdottir, 2023, p. 53)
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2.5 The Real Estate Life Cycle

Moving through the life cycle of a building pro-
ject is inherently difficult (Winch, 2012). The key
challenge in accomplishing truly sustainable
building projects is developing a circular view
of all life cycle phases (Larsen et al., 2022). This
new building culture is lifecycle-based and
needs to be incorporated in all phases of the
value chain (Brusa Cattaneo, 2024). To be
‘planet positive’, actions to restore ecosystems,
improve biodiversity and repair natural systems,
impacts must be achieved locally (where de-
velopment occurs) and globally (through sup-
ply chain impacts). These impacts can be eval-
uvated through a place-specific analysis, as well
as by using LCA (Birgisddttir, 2023).

2.5.1 Building Project Phases

Different countries have varying frameworks to
define the life cycle phases of building projects.
In the Netherlands, this has been outlined as @
thirteen step process: (1) initiative, (2) feasibility
study, (3) project definition, (4) schematic de-
sign, (5) preliminary design, (6) definitive design,
(7) specifications, (8) pricing, (?) work prepara-
tion, (10) execution, (11) delivery, (12) exploita-
tion and renovation, and (13) demolition (J. W.
F. Wamelink, 2010). In the United Kingdom, the
‘Plan of Work’ (PoW) by the Royal Institute of
British Architects (RIBA), which is also used in in-
ternational contexts, separates the process into
eight phases: (0) strategic definition, (1) prepa-
ration and briefing, (2) concept design, (3) spa-
tial coordination, (4) technical design, (5) man-
ufacturing and construction, (6) handover, and
(7) use (RIBA, 2020). The German ‘Honorarium
Regulations for Architects and Engineers’
(HOAI) are also seen as one of the most com-
prehensive natfional systems (Winch, 2012). It
specifies nine project phases: (1) basic evaluo-
tion, (2) preliminary planning with cost estimate,
(3) design including cost calculation, (4) ap-
proval planning, (5) technical/detailed design,
(6) preparation of the tender, (7) participation
in the tender, (8) object/site supervision — con-
struction supervision and documentation, and
(9) property management (HOAI, 2021).

20

These three examples demonstrate that the
standard of life cycle thinking in construction
projects differs per country. From a European
perspective, the norm EN 15978 (2024) defines
a life cycle framework of building projects with
four main phases: production, construction, use
and end-of-life. However, contrary to the other
three frameworks, it just recently added a de-
sign phase. Moreover, the EN 15978 introduces
and ‘end-of-life’ phase, considering what hap-
pens to the parts of a building after they are
used for it. In the context of a circular economy
the inclusion of this phase is essential.

2.5.2 Building Layers

STUFF
SPACE PLAN
SERVICES
STRUCTURE
SKIN

SITE

SOCIAL

Figure 2.20: Building Layers (Circular Building Coali-
fion, 2023, p. 20)

The built environment is composed of various
layers that can be changed over fime to en-
hance their environmental, social and eco-
nomic performance (C. De Wolf & Bocken,
2024). Writing about these layers is almost im-
possible without mentioning the ‘shearing lay-
ers’ model by Brand (1994), which first visualized
buildings as a set of multiple layers with different
lifetimes (Figure 2.20). It is still widely used today
in the context of circular and also regenerative
building literature.

Research has identified multiple regenerative
actions related to these layers. At the material
scale, this includes sustainable, or self-repairing
materials. At the product scale, green roofs
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and facades, as well as urban farming are con-
sidered to have regenerative benefits. At the
building scale, on-site renewable energy gen-
eration can conftribute to regeneration. (C. De
Wolf & Bocken, 2024). Building life cycles them-
selves can also be categorised into four layers.
Firstly, the economic lifetime refers to factors
like depreciation, or cash flows. Secondly, the
periods between renovations can be consid-
ered as the functional lifetime. Thirdly, the tech-
nical lifetime is the time that building elements
are able to fulfil their purpose. Finally, the social
lifetime can be related to the ‘identity’ of the
building and describes the fimeframe during
which the building and its components are re-
garded as acceptable, respectable or appre-
ciable by the users, the public and the owners
(Brusa Cattaneo, 2024).

2.5.3 Building Life Cycle Assessment

The EU Taxonomy with itsregenerative ‘substan-
tial contribution' criteria and the EU Energy Per-
formance of Buildings Directive (EPBD) make
LCA-based declarations for the global warm-
ing potential (GWP) of buildings necessary (Eu-
ropean Union, 2024; NSC, 2024b). LCA is an ap-
proach that helps developers to achieve this
by quantifying impacts of buildings over their
entire life cycle (Brusa Cattaneo, 2024). In the
traditional life cycle sustainability assessment
(LCSA) method the focus lies mostly on the
combination of quantitative variables for envi-
ronmental (E-LCA), social (S-LCA) as well as
cost/economic (LCC) impacts and follows a lin-
ear process, with limited engagement of quali-
tative variables related to stakeholders and
context. Life cycle sustainability evaluation
(LCSE) is proposed as a method to address
these areas of untapped life cycle variables,
like closed-loop systems, connectivity and re-
generation. (Tokede et al., 2021). Moreover, a
holistic approach that also incorporates circu-
larity into LSCA is essential to identify the im-
pacts of improved circularity on environmental,
social and economic factors. This method is re-
ferred to as circular LCSA or C-LCSA (Luthin et
al., 2024).

The norm EN 15978 (2024) provides the stand-
ardization for building LCAs and helped the
method gain fraction (Roberts et al., 2020). Fig-
ure 2.21 shows that within carbon-based LCAs,
phases A, B and C are distinguished in embod-
ied and operational carbon. Whole life carbon
refers to the combination of both. Phase D looks
beyond the building life cycle and infroduces
circularity info the framework (Rambagll, 2023).
An expansion on those two norms is the
‘Level(s) Framework’ — a unified method, set of
indicators and reporting tool for conducting
LCAs of buildings. While its adoption is volun-
tary, an increasing number of initiatives in the
European construction sector and LCA fools
are being developed to align with the Level(s)
framework (NSC, 2024b). Currently, the Nordic
countries and the Netherlands are European
leaders in harmonising their LCA values to es-
tablish a consistent ‘language’ of evaluating
their built environments (HNN, 2024; NSC,
2024b; Ramball, 2023).

The Netherlands has been pioneering manda-
tory declarations and limit values for buildings
based on LCA. Already in 2018 the Millieu
Prestatie Gebouwen (MPG) was introduced. It
builds on the norm EN 15804 (NSC, 2024b). The
MPG measures the environmental impact of a
building's materials, expressed through the ‘Mi-
lieu Kosten Indicator’ (MKI). MKI values are
sourced from the ‘National Environmental Da-
tabase’. The building's total environmental im-
pact is calculated by summing the MKIs of alll
materials used, then dividing this total by the
gross floor area (GFA) and the building's
lifespan (years), resulting in the MPG score, ex-
pressed as € MKI / m? GFA / year (HNN, 2024).
The Nordic countries are also working towards
harmonising their limit values and LCA methods
to reduce complexity, simplify assessments and
enable fair competition for the market to de-
velop efficient solutions (NSC, 2024b). Thinking
about regenerative buildings with layers of dif-
ferent life cycles can not only create net-posi-
five impacts and create future value, it also en-
ables new business opportunities.
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Figure 2.21: Standardized LCA - to illustrate the Real Estate Project Life Cycle (EN 15978, 2024, p. 28)

2.6 The Case for Regeneration

Mostly disconnected from studies on business
sustainability, researchers and practitioners in
the built environment developed the idea of
regenerative sustainability. Building upon this,
Hahn & Tampe (2021) propose three strategies
for generative business: restore, preserve and
enhance. Restore-strategies compensate for
negative impacts, preserve-strategies avoid or
have a net-zero impact, and enhance-strate-
gies have net-positive impacts. The three con-
cepts of sustainability, circularity and regenera-
tion are interrelated and overlap in their focus
on environment, society and technology. Fig-
ure 2.22 visualizes that regenerative business
models share principles with sustainable and
circular ones but differ in their goals, prioritizing
planetary health and societal well-being
(Konietzko et al., 2023). They have the possibility
to revolutionise the built environment by creat-
ing and delivering value for all stakeholders (C.
De Wolf & Bocken, 2024). The regenerative ap-
proach is still considered to be conceptual with
limited cases from practice (Wang et al., 2023),
but can bridge the gap between the two disci-
plines of architecture and real estate develop-
ment. However, little is known about business
models in architecture and real estate service
delivery (Bos-De Vos, Wamelink, et al., 2016).

22

2.6.1 Regenerative Business Models

Generally, a business model (BM) describes
how to propose, create, deliver and capture
value (Teece, 2010). The ‘value proposition’ ex-
plains how to solve the user’s problem and why
they would pay for it. The ‘value capture’ de-
scribes how value that is created and delivered
along the value chain is converted info reve-
nues. Current BMs in the built environment are
characterized by being nature extractive,
place agnostic, short-term-focused and having
minor end-user involvement in its value creation
(Oppenheim et al., 2024). While sustainable
BMs aim to reduce this harm, circular BMs close,
slow and narrow resource loops, fo make if re-
source efficient and self sustaining (Das &
Bocken, 2024). Examples of circular BMs for
buildings are (Brusa Catftaneo, 2024; Lacy &
Rutqist, 2015; WBCSD, 2021):

e Circular Supply Chain (using renewable, re-
cyclable, biodegradable products)

e Recovery and Recycling (exploitation of
end-of-life products)

e Product Life Extension (extending
lifespan of existing products)

¢ Sharing Platform (renting, sharing and lend-
ing products)

e Products as a Service (pay-per-use principle
of products)

the



P5 Report Theoretical Background

@

o Social-ecological
ﬁ'* systems
Sustainable
humansphere
Design to meet human

needs within planetary
boundaries

Triple bottom line

Closed-loop
systems

- &
) (-
‘
Planetary health &
societal wellbeing

Circular

. Dominant systems view

‘ Main goals

‘ Dominant design approach

Figure 2.22: Regenerative Business Models (Konietzko et al., 2023, p. 383)

Other opportunities for new business models in
the built environment include: flexible spaces,
adaptable assets, relocatable buildings, the re-
sidual value of depreciated building materials
and performance procurement (Arup, 2020b).
Although these opportunities exist, more insight
on how to accelerate the fransition from a lin-
ear fo a circular construction processis needed
to enable a regenerative built environment
(Greco et al., 2024). The concept of regenero-
tion in the circular economy is sfill vague. Re-
generative business models have a holistic,
long-term approach and focus on the respon-
sibility of economic activity within ecosystems
and how it can support the health and prosper-
ity of it (Das & Bocken, 2024; Oppenheim et al.,
2024). A possible definition is the following:
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“Organizations with regenerative business mod-
els focus on planetary health and societal well-
being. They create and deliver value at multiple
stakeholder levels—including nature, societies,
customers, suppliers and partners, shareholders
and investors, and employees—through activities
promoting regenerative leadership, co-creative
partnerships with nature, and justice and fairness.
Capturing value through multi-capital account-
ing, they aim for a net positive impact across all
stakeholder levels” (Konietzko et al., 2023, p. 375).

One innovative example is the Danish real es-
tate developer Home.Earth, who views build-
ings not as standalone structures, but as system-
afized products to be assembled in diverse
configurations. A feam of internal and external
specialists designs these buildings, while a
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network of long-term manufacturing partners
produces and assembles the components on-
site. This approach creates what they refer to
as a product platform, enabling the design,
manufacturing and construction of new build-
ings in a standardized way. They describe this
as moving beyond ‘reinventing the wheel’ for
each project and instead leveraging accumu-
lated knowledge and experience within the
platform (Brusa Cattaneo, 2024). The company
fries fo accomplish this through the extensive
use of digital innovations like the upfront car-
bon tool, existing reuse tool, circularity tool and
planetary boundary tool, to assess their projects
on multiple sustainable, circular and regenera-
tive dimensions (Brusa Cattaneo, 2024).
Home.Earth, “approach their purpose with a
holistic definition of ‘people and planet posi-
tive’ and an ultimate aim of being a regenera-
tive company” (Birgisddttir, 2023, p. 157). This is
done by optimising value for the long term,
even if it costs in the short term. For example
through designing buildings with exceptionally
low CO2/m? and sharing profits with tenants, to
optimise for affordability, liveability and inclu-
siveness (Birgisdottir, 2023), aligning with the
WEFs idea for liveable, sustainable, resilient and
affordable real estate (WEF, 2021). The
Home.Earth business model draws from the five
layers of regenerative and distributive business
design: purpose, networks, governance, own-
ership and finance (Sahan et al., 2022).

Another example is Drees & Sommer — a lead-
ing European consulting, planning and project
management company within the built envi-
ronment. It has the vision of becoming a ‘re-
generative organization’, also called ‘benefi-
cial company’, that gives back more to people
and planet than it takes through its business ac-
tivities (Drees & Sommer, 2023b).

Still, two core challenges hold back the sector
from applying this. Firstly, a fragmented value
chain hinders long-term optimization, with de-
cisions often focused on short-term gains. In
typical development projects, key players like
developers, architects, engineers and confrac-
tors are involved for only 2-5 years. As a result,
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they often prioritize creating financial value
within that timeframe, frequently at the ex-
pense of long-term considerations. However,
since buildings endure for 50-100 years or more,
it is vital fo make decisions that prioritize long-
term value over the whole life cycle. Secondly,
real estate development and operation is pri-
marily driven by interests of investors or land-
lords, often excluding other critical stakehold-
ers like tenants and the environment. While in-
vestors deserve fairreturns, it is also important to
give other stakeholders greater influence. This
broader alignment of interests could maximize
value creation across multiple dimensions (Bir-
gisdottir, 2023). Regenerative BMs naturally
need a business case to be successful. While
the business model describes ‘how' to propose,
create, deliver and capture the value of the
fransition to a regenerative built environment,
the business case answers the reasons ‘why’.

2.6.2 Regenerative Business Cases

A business case (BC) takes an external per-
spective and evaluates the environmental, so-
cial and economic impacts of creating some-
thing. This differentiates it from the business
model, which takes an internal perspective
and focuses on the operational aspects. More-
over, the BC identifies potential risks, outlines
strategies and addresses stakeholder values. In
the circular and regenerative literature, the
emphasis seems to be mainly focused on busi-
ness models, overshadowing the foundational
business case necessary fo create a solid busi-
ness model (Moloney, 2023). Furthermore, not
much scientific research is based on a clear
theoretical framework to assess a BC. One sys-
tematic literature review by Appel-Meulen-
broek & Danivska (2023) combines existing busi-
ness case research from 52 scientific papers
into the following interdisciplinary definition:

"“A business case documents costs, benefits, risks
and return on investment of (a) feasible alterna-
tive intervention(s) regarding an object, activity
or otherwise within an organisation’s scope, to
come to an understanding and recommenda-
tion that helps to justify and secure commitment
from management for an investment or other
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resource allocation in order to start a change
process. It regards all stakeholder roles and needs
and defines objectives in a SMART (specific,
measurable, attainable, relevant and fime-
based) way, and is used to review performance
on expected outcomes throughout the project’s
life cycle” (Appel-Meulenbroek & Danivska, 2023,
p. 80).

Additionally, the same literature review merges
frameworks from 37 papers into a three-phase
framework with 20 sub-process steps. The three
main phases are:

e Phase 1: Identify InNformation & Stakeholders

o Phase 2: Execute Business Case Calculations
& Make Decision

e Phase 3: Implement & Sustain

Moreover, it also mentions that many of the rel-
evant papers were from the sustainability field,
suggesting that it might be the most advanced
in trying to explain business cases with theoreti-
cal rigour (Appel-Meulenbroek & Danivska,
2023). However, as stated by Das & Bocken
(2024), sustainable BCs mainly focus on harm
reduction, but there is an urgent necessity fo go
beyond ‘net-zero’ and actively regenerate
ecosystems and societal wellbeing, given that
multiple planetary boundaries have been
crossed already. Their study addresses this by
researching regenerative business strategies
and performing a review of 84 regenerative
business cases from 15 sectors. To do this, the
following framework with five elements to iden-
tify these BCs is used: purpose, networks, own-
ership, regeneration, and impact. The authors
also developed a typology of six regenerative
business strategies: (1) regenerative leadership,
(2) nature regeneration, (3) social regenera-
tion, (4) responsible sourcing, (5) human health
& well-being, and (6) employee level focus.
These offer strong BCs, improving resilience and
risk management in an era of climate-driven
supply chain disruptions. The study predomi-
nantly lists BCs from the agriculture, food and
fashion sectors, however, it also acknowledges
the increasing commonality of the term ‘regen-
eration’ being used in the built environment.
Three cases from the construction sector are
identified: ClayTec (a German building
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material manufacturer), Rambagll (a global ar-
chitecture, engineering and management
consultancy) and Reef Systems (a Dutch
builder of underwater ecosystems). It is con-
cluded that regenerative business cases can
inspire to create better business models, since
linear economies have weakened the planet's
natural regenerative abilities. Therefore, mov-
ing beyond circularity fo embrace regenera-
tion is essential for the future of planetary health
and societal well-being (Das & Bocken, 2024).

For real estate development in general, key el-
ements of a BC include studying the feasibility
of a certain location and product idea. To do
this, financial knowledge is crucial to develop a
valuable strategy for a project that is able to
generate revenues by upgrading parts of cities.
The BC is not only important to assess if a project
generates monetary values for property own-
ers, but also to evaluate its societal value (Bos-
De Vos, Volker, et al., 2016). With the urgent
need to mitigate climate change and regener-
ate ecosystems, the role of buildings and con-
struction is shifting. Future development must
prioritize regenerative practices, even beyond
legal requirements and developers should take
proactive steps to push the slow-moving system
forward (Brusa Caftaneo, 2024). This is espe-
cially challenging in the built environment — a
sector known for slow innovation, fragmented
value chains and short-ferm involvement of
many different stakeholders who often start
from scratch with new teams, trying to solve the
same problems in siloed projects (Brusa Catta-
neo, 2024). This leads to the question how con-
struction projects can shape better, more inno-
vative outcomes for people and planet (Chan,
2023). The frameworks, standards, tools and ex-
amples for regenerative buildings exist, yet pro-
gress remains limited, since a common concern
about green buildings in general is if they are
feasible from a financial perspective. Thou-
sands of buildings show regenerative potential,
but to have a meaningful impact, they need to
be scaled up to millions. Consequently, the
greatest impact and opportunity to embrace
this change lies in the millions of smaller projects
worldwide (Naboni & Havinga, 2019).
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2.7 The European & Dutch Context

The World Green Building Council calls for a
broader value proposition for the built environ-
ment, to take immediate regenerative action
for people and planet. On the one hand this
needs a financial business case, on the other
hand it needs a shift to a social value case that
improves the quality of life for people (World-
GBC, 2021). In the EU, this transition could pro-
vide immense opportunities and address many
of its current problems (WorldGBC, 2024). Within
the whole EU, residential buildings are by far the
largest real estate asset class, with 75% of its
whole floor area (Circular Building Coalition,
2023). Thus, they could have the biggest im-
pact if developed regeneratively.

Designers and developers cannot achieve this
on their own. For example, the Duftch govern-
ment set the goal of building one million new
residential units to deal with the housing short-
age, but these interventions often require new
urban and zoning plans by municipalities and
collaboration with many project stakeholders
(Greco et al., 2024). Currently, the lack in supply
of sufficient residential real estate is the biggest
problem of the housing market in the Nether-
lands. Specifically attractive urban neighbour-
hoods, like those in the Randstad, with ifs over-
heated housing market, are getting less acces-
sible (Boelhouwer, 2020). The country has the
target of building 100.000 dwellings per year to
solve this housing shortage (Metabolic, 2023).
Future demand for these dwellings will mostly
be in inner-city locations, but since these loca-
tions do not have enough available space to
accommodate these new developments it will
also be necessary to develop new locations, di-
rectly adjacent to cities (Boelhouwer, 2020). To
do this, real estate developers have a steering
role in both the design and realization phases.
Currently, they are challenged to combine the
high demand for housing with their programs of
requirement and the latest sustainability ambi-
tions. This also means to change the mindset
from a often ‘short-ferm business case’ to a
‘long-term value case’ that also considers soci-
etal values (Metabolic, 2023).
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Some visions for the future of the Netherlands
and its housing market call for redesigning the
countfry in a regenerative way (Roggema,
2022). New BCs are being developed to make
a regenerative transformation of the country
possible. This approach also aims to simultane-
ously solve the country’s housing crisis, climate
and nitrogen crises as well as its biodiversity loss.
It is argued that if new housing can be devel-
oped on 4% of the existing agricultural area,
which gets bought by the government from
farmers, it could be turned into nature and
housing. This land could then be sold with the
added value from the residential develop-
menfts to finance the land purchases. The Neth-
erlands also faces another dilemma. Even
though housing demand is highest in the Rand-
stad, large new neighbourhoods are not
planned there due to rising sea levels. There-
fore, the higher southern and eastern parts
might be better suited to develop regenerative
neighbourhoods. The BC for these develop-
ments is that most of the land in the higher parts
is relatively cheap and better soil conditions al-
low for cheaper construction than in the wet
and swampy Randstad, where building new is
highly controversial (Roggema, 2022).

A book by van der Meulen (2022) explores the
process of building with a positive footprint in
the Netherlands. It conceptualizes buildings as
places where seven flows come together: (1)
air, (2) water, (3) energy, (4) soil, (5) biodiversity,
(6) material, and (7) nutrients. A very recent re-
port by Floor & Troost (2025) also investigates
what it would mean to build regeneratively in
the Netherlands. It is inspired by the LBC, but
adapted to the Dutch context. Similarly, it de-
scribes seven themes: (1) place-boundness, (2)
equity, (3) inspiration, (4) wellbeing, (5) water,
(6) material, and (7) energy. Moreover, the re-
port portrays seven exemplary projects with re-
generative characteristics in the Netherlands.
Although both these sources can be an inspira-
tions to create regenerative buildings, a more
holistic exploration of regenerative develop-
ment, global and local design principles as well
as their social-ecological impacts is needed to
make sense of the various concepfs.
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3 Methodology

This research uses a mixed-method approach, beginning with a literature review to explore
regenerative principles in the built environment. This literature review is used to answer four sub-
questions and to develop a novel framework or practical guide. Thereafter, three case studies of
Dutch real estate projects are analysed to evaluate its practical application. This research happens
partly during a graduation internship.

3.1 Research Questions

Based on the literature review of Chapter 2, it becomes clear that there is a lack of research that
studies the practices of regeneration in real projects. The literature review additionally reveals that
the regenerative concept is predominantly used in the context of — and by scholars and companies
from — Anglo-Saxon countries like the UK, the USA, Canada, Australia and New Zealand. Descriptions
and evaluations of case studies also mostly stem from these countries. Thus, there is a knowledge
gap in the applicability of the regenerative paradigm in mainland Europe. While the term regenera-
tive is now also increasingly used in the EU, predominantly in Scandinavian countries, real estate pro-
jects that explicitly state that they are regenerative are rare. Nevertheless, many real estate projects
now claim to have regenerative characteristics, like being ‘nature-inclusive’ or ‘energy positive'.
Therefore, this master thesis seeks to answer the following main question:

How can a regenerative built environment be defined, applied, assessed, implemented and evalu-
ated for real estate projects?

The phrasing as a ‘how’ question is chosen, as it is advantageous for exploratory studies and allows
for the implementation of case studies to research certain outcomes (Yin, 2018). In the selected cases
these outcomes are innovative solutions for sustainability. The question aims to understand if these
outcomes can be considered as regenerative, based on the literature on RDD.

3.1.1 Research Sub-questions

To enable answering the main research question, four sub-questions (SQs) are outlined below. The
goal of the fist SQ is fo clearly define the key concepfts. The second SQ aims to synthesize the regen-
erative principles from the literature into categories. The third SQ explores how the (net-positive) im-
pacts of these principles can be assessed in practice. Finally, the aim of the fourth SQ is to investigate
how these principles can be implemented into the project phases of real estate projects.

¢ SQ1: What is the definition of ‘regenerative’ / ‘net-positive’ in the built environment?e

¢ SQ2: What are the applied principles of regenerative design and development for real estate?
¢ SQ3: How can the net-positive impacts of regenerative principles for real estate be assessed?
¢ SQ4: How can regenerative principles be implemented into real estate projects?

3.1.2 Main Research Question

The approach to answering the main research question is to examine different case studies and
evaluate their design and development approaches, as well as categorize their outcomes into cat-
egories from ‘green’ to ‘regenerative’. This is informed by the results of the four SQs. Not only would
this make the impacts of real estate projects easily comparable to each other, it would also enable
project stakeholders to quickly estimate the impact of their practices and possibly enable a mindset
shift among industry professionals to strive for maximizing positive impacts, instead of minimizing neg-
ative ones. Of course thisis a simplification of a much greater underlying system, nevertheless, it could
become a useful tool to evaluate real estate projects, especially in their very early project phases.
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3.1.3 Research Question Relevance

The five research questions are relevant for ac-
ademia and practice for multiple reasons.

3.1.3.1 Definition

One of the greatest barriers of progress in the
field of regenerative design and development
is the lack of a universally agreed upon defini-
tion. This problem goes beyond semantics,
since the absence of a clear definition leads to
many clients and industry professionals misun-
derstanding or being unaware of regeneration,
which is a major obstacle in communicating its
benefits (Plaves et al., 2024). To solve this prob-
lem, the starting point of this research is the def-
inition of several key terms and their differ-
ences, based on the theoretical background.
These six key terms are: regeneration, regener-
aftive sustainability, regenerative development,
regenerative design, regenerative principles,
and net-positive impacts.

3.1.3.2 Principles

Although many regenerative frameworks have
been developed by academic researchers as
well as professional service firms, the described
principles often differ from each other, with oc-
casional overlaps. This is fuelling the vagueness
and slow application of the concept. Moreover
applying these principles is challenging be-
cause it requires a different way of thinking
about social-ecological systems, that are relo-
tively unfamiliar, or forgotten, in Western con-
texts (Buckton et al., 2023). Therefore, this re-
search aims to summarize the regenerative lit-
erature into a framework of ten clear principles.

3.1.3.3 Assessment

While numerous aspects of regeneration can-
not be measured in concrete numbers, the
built environment is in need of evaluation ap-
proaches that go beyond green building certi-
fications (Oyefusi, Enegbuma, Brown, &
Olanrewaiju, 2024). The goal of this research is
to narrow this gap by developing a possible
evaluation framework for regenerative design
and development, including exemplary KPls to
assess the outcomes of it.
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3.1.3.4 Implementation

Furthermore, even thirty years after the intro-
duction of the regenerative concept into the
built environment, almost no source has related
the regenerative principles from the various ex-
isting frameworks to all phases of a typical
building project (Pavez et al., 2024). This is sur-
prising, since many of these same sources em-
phasize the lifecycle-based nature of regener-
ative living systems thinking. Therefore, this re-
search intends to firstly integrate the various life
cycle phases intfto one comprehensive frame-
work, and secondly to link the summarized re-
generative principles to the project phases of
the real estate life cycle.

3.1.3.5 Practical Evaluation

Even though the concepts of regenerative de-
velopment and design have been thoroughly
covered in the literature, only few insights on
the practical application of these principles
and how they unfolded through time are de-
scribed in case studies (Cole, 2023). While mul-
tiple descriptions of case studies can be found
on the website of the Living Building Challenge,
nearly all of them are situated in rural areas of
North America. Consequently, this research
aims fo explore the potential for regenerative
buildings by researching Dutch case studies.

3.2 Research Type

This master thesis takes an exploratory research
approach with inductive reasoning. Its aim is to
develop new insights into the concept of a re-
generative built environment. The purpose of
this exploration (Yin, 2018) is the fragmented
nature of the existing literature on the topic and
the relevance of the research questions as out-
lined before. The inductive logic of inquiry
aligns with this purpose as it establishes descrip-
tions of characteristics and regularities. Induc-
tive logics are able to answer ‘how’ questions,
built on previous answers to ‘what’ questions,
because this requires a high amount of
knowledge about the topic and its context
(Blaikie & Priest, 2019).
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3.3 Research Techniques

Two different but complementary research
techniques are used to answer the RQs. An ex-
tensive literature review targets all four sub-
questions to ensure a comprehensive under-
standing of the subject in order to answer the
main research question. This results in a frame-
work, which is used to evaluate Dufch case
studies of real estate projects. From this analysis,
conclusion are drawn on the main research
question. This happens partly in the context of
a graduation internship.

3.3.1 Literature Review (all four SQs)

The literature review inifially serves to formulate
the research questions and fo indicate what is
already known from previous research (Blaikie
& Priest, 2019). Thereafter, it is used fo answer
sub-questions 1 and 2. The literature review is
used as the base to establish a definition of the
key terms (SQ1), which build the foundation for
a regenerative built environment and this the-
sis. Additionally, regenerative development
principles are summarized and the existing liter-
ature is studied from two perspectives to ex-
plore the local and global practical applica-
tion of regenerative design principles (SQ2).
Furthermore, the literature review also explores
how these principles can be assessed (SQ3)
and implemented into the project phases of
real estate projects (SQ4).

Graduation Internship (SQ3,
SQ4 & Main RQ)

3.3.2

Additional knowledge and data for this re-
search is provided by the international real es-
tate consulting and project management firm
Drees & Sommer. The company has the vision
of becoming a ‘regenerative organization’
(Drees & Sommer, 2023b). Particularly, for an-
swering the research sub-questions 3 and 4,
Drees & Sommer and its sister company EPEA
are able to provide valuable insights and data.

3.3.3 Case Studies (Main RQ)

Based on the answers to the four research sub-
questions a framework that can also serve as a
practical guide is developed. To answer the
main research question, three case studies
from the Netherlands are evaluated through
the lens of this framework. Each of the case
study evaluations focuses on a specific period
of the building life cycle to study development
principles, design principles or their impacts.

3.4 Research Framework

The methodology is visualized in Figure 3.1. This
process is based on a ‘from principles to prac-
fices’ approach. It explores the topic by start-
ing with theoretical literature, built upon dec-
ades of research, and progressively implements
sources from practice into the exploration. This
results in a framework that can be used aca-
demically to study projects, as well as a guide
to create regenerative projects in practice.

3 Case Studies

Drees & Sommer
+ EPEA /
y
. Impact
Definitions? Pzﬂglﬁig Assessment
ples: (KPIs)?

ry -~ -

Literature \

of Dufch Real
Estate Projects

y
Practical
Evaluation?

v

Project Phase
Imple-
mentation?

Framework /
Practical Guide

1. Pre-Constr.

Review

2. Construction
3. Post-Constr.

Figure 3.1: Research Methodology — From Principles to Practices (own illustration)
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3.5 Research Data

This section outlines how research data is col-
lected and analysed. More detailed infor-
mation can be found in the Data Management
Plan (DMP) in Appendix C.

3.5.1 Data Collection

Data for this research with ifs two research
techniques is collected in multiple ways.

For the literature review, scientific articles and
book chapters are collected from online data-
bases like Scopus, ScienceDirect, Web of Sci-
ence, Taylor & Francis Online and Google
Scholar. The TU Delft Research Repository and
liorary are also utilized in the datfa collection
process. Academic books are sourced from
the online library Perlego. Grey literature like re-
ports by NGOs, think tanks and companies op-
erating in the built environment are gathered
through standard Google searches. Moreover,
knowledge from unpublished documents on
the research topic provided by Drees & Som-
mer and EPEA are integrated into the research.
These diverse data sources aim to ensure that
the research questions are investigated
through multiple perspectives, preventing bias.

Data for the case studies is collected through
the same sources as for the literature review.
Additionally, company-specific cases by Drees
& Sommer are implemented into the research.
Case study data includes project-related pdf-
documents, presentations or similar data.
Moreover, information gathered from conver-
sations with professionals working on the pro-
jects can be incorporated in the research.
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3.5.2 Data Analysis

The summary of definitions and principles de-
rived from the initial literature review is done in
an Excel sheet and can be found in Appendix
B. The collected data is mainly analysed by
coding the text-based data from the literature.
The data gathered from the investigation of re-
generative projects in their real-life context
through case studies is analysed through the
lens of the developed framework.

During the analysis of the case studies (particu-
larly case study 2) an Al tool was used to assist
with the analysis of the many hundred pages of
project documents, based on the developed
framework. Some information for the analysis
was also derived from personal conversations
with project stakeholders, as well as from obser-
vations while attending a co-creation session.

3.5.3 Data Plan

This section outlines what is done with the data
during and after the research, following the
FAIR (Findable, Accessible, Interoperable and
Reusable) principles (Wilkinson et al., 2016).

Findable: All datasets are assigned unique and
persistent identifiers to ensure that they can be
easily found. Metadata is created following
standard formats, including descriptive infor-
mation about the source, type and context.

Accessible: Data is stored in a secure and ac-
cessible repository, ensuring authorized access
during the project and for potential future use.
All data is stored on the TU Delft OneDrive.

Interoperable: Data formats are standardized
to ensure compatibility with widely used analy-
sis tools and software. Metadata adheres to es-
tablished vocabularies and schemas, facilitat-
ing integration with other datasets.

Reusable: Documentation related to the do-
tasets includes detailed descriptions to ensure
clarity and reproducibility.
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3.6 Research Case Studies

The mulfiple-case study design in this master
thesis uses a replication logic rather than com-
parison or sampling logic. Within this logic, case
studies can be chosen to either predict similar
outcomes (literal replication) or to show con-
trasting outcomes for predictable reasons (the-
oretical replication). Cases may be deliber-
atfely selected to show confrasting situations,
without seeking direct (literal) replication, but
theorefical replication. Within this approach,
each case study can be considered as an in-
dependent and complete study that has its
own replicable theoretical purpose (Yin, 2018).

The case studies of this research focus on new-
built real estate in the Netherlands. Three di-
verse case studies are selected based on their
function, location and life cycle stage. Case 1
is an ‘ambitious and innovative’ cultural and
public urban space development, with em-
phasis on its co-creation process and circular
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solutions, currently in the design phase. Case 2
is a rural residential development, marketed as
the ‘most sustainable’ terraced houses in the
Netherlands, currently almost in the construc-
tion phase. Case 3 is an in-use municipal office
building, widely acknowledged for its imple-
mentation of cradle-to-cradle principles.

The goal of this research is not to compare the
three cases with each other and it is a deliber-
ate decision not to analyse three cases with the
same characteristics. Generally, multiple-case
studies should not be misperceived as compar-
ative studies (Yin, 2018). Diversity in function,
variation in project phases and contextual dif-
ferences aligns more with the explorative na-
ture of this research. Another reason for this re-
search design is that each of the three cases
can be used to analyse the sub-questions SQ2,
SQ3 or SQ4 in a practical context. This is be-
lieved to result in a more holistic analysis and
therefore better conclusions.
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3.6.1 Case Study 1: Berlijnplein,
Utrecht

As described in the project’s procurement strat-
egy: Berlijnplein is a new cultural development
of 9.200m?2. The cultural cluster includes spaces
for public programmes as well as work and de-
velopment areas such as a presentation studio,
dance and theatre studios, exhibition space
and catering establishments to facilitate crea-
tivity, innovation and encounters. It will be built
and operated in a circular and energy-neutral
way and flexible in design. The assignment for
a consortium is to design, realise and partly
maintain this cultural new-build development,
including outdoor spaces, on the basis of a
two-phase contract. The buildings should have
a high-quality and innovative design with arec-
ognisable architecture and public character.
An important part of the assignment is the co-
creation with the tenants and end users (Ge-
meente Utrecht, 2021). In 2022, the design
team of bureau SLA, Inbo, Overtreders W,
Woonpioniers and Boom Landscape won the
45,2 million euro tender, united in the consor-
tium ‘De Pleinmakers’, lead by general con-
tractor Vink Bouw (Bureau SLA, 2022).

———

Figure 3.2 visuadlizes the project’s design from
2023. At the fime of writing the project is still in
its design phase.

Figure 3.2: Rendering of the Berlijnplein (Bureau SLA, 2023)
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3.6.2 Case Study 2: Natuurhuis,
Heeze

The Natuurhuis — Nature House - is a project of
eight terraced houses in the South of the Neth-
erlands (Figure 3.3). At the time of writing, the
project is completely sold and consfruction al-
most started. The property developer of the
project, claims that this project is “the most sus-
tainable terraced house in the Netherlands”
(Natuurhuis, 2025). These houses are devel-
oped as a ‘knowledge project’ to ‘make the
world greener, healthier and happier’ (Ballast
Nedam Development, 2025).

In 2021, Dutch real estate developer Ballast
Nedam Development initiated a competition
for a bio-based and energy-positive ‘nature
house’. Out of all applicants, the a selection of
ten teams were invited to present their ideas in
front of a jury. This project represents a ‘dream’
of the developer about how building practices
in Netherlands can be renewed for positive im-
pacts (Ballast Nedam YouTube, 2022). Out of 82
contestants, the jury chose Strotec (a producer
of prefabricated straw-wood-panels) in combi-
nation with architecten en|en and contractor
Van Herpen as the winning feam

e

The building elements of the Natuurhuis (fa-
cades, floors and roofs) are tailormade pre-as-
sembled parts The exterior walls are ‘EcoCo-
con' based ‘StrotecGevels’, including win-
dows, doors and wooden cladding (conversa-
tion with project stakeholder, 2025).

The selection of the winning tfeam was based
on five categories: (1) healthy and happy liv-
ing, (2) material-related environmental impact,
(3) energy performance, (4) nature-inclusivity &
biodiversity, and (5) affordability & scalability
(Houtwereld, 2022).

Figure 3.3: Rendering of the Natuurhuis (Ballast Nedam Development, 2025)
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3.6.3 Case Study 3: Stadskantoor,
Venlo

The Venlo City Hall (Figure 3.4) is situated in an
area that was in need of regeneration (EMF,
2019). The building aims to leave a positive foot-
print in the city (EPEA, 2025b). It was designed
and constructed between 2009 and 2016 and
is a prime example of a building that is following
the cradle-to-cradle (C2C) principles. It houses
900 employees on 13.000 m? (Aftia, 2018). Al-
ready in 2006, the Venlo municipality commit-
ted to using the C2C principles within their eco-
nomic activities. These were kept in mind when
a tender for the vision of a C2C city hall was is-
sued. Out of 50 proposals, a vision by
Kraaijvanger Architecten was chosen (EMF,
2019). Confrary to most architecture competi-
tions, the municipality asked architects to pre-
sent a vision of the C2C-building instead of a
concrete design. Building advisors were also se-
lected based on their ideas about cradle-to-
cradle. The selected design team began their
process with a week of workshops that initiated
the integrated design process. Moreover they
were trained by Dr. Braungart — the inventor of
the C2C philosophy (C2C Expolab, 2014).

Since it is not yet possible to realize buildings
that are 100% cradle-to-cradle, the team fo-
cused on four main aspects (C2C Expolab,
2014). Therefore, the design is based on four
principles: (1) the enhancement of air and cli-
mate quality, (2) the integration of renewables
to generate a surplus of energy, (3) the use of
appropriate products that can be recycled,
and (4) the enhancement of water quality (At-
tia, 2018).

A positive business case for this ‘state-of-the-
art’ project was enabled due to multiple rea-
sons. First and foremost, because Venlo regards
cradle-to-cradle as an economic principle. The
project feam'’s solutions, built around the four
principles were translated into business cases
and compared to a conventional solution. A
total cost of ownership calculation concluded
that an additional investment of 3,4 million eu-
ros would generate a net-result of 16,9 million
euros affer a use fime of 40 years (C2C
ExpolLab, 2014). The total project budget was
53 million euros and it was delivered with
900.000€ below it. The expected return on in-
vestment by 2040 is around 12% (EMF, 2019).

Figure 3.4: Photo of the Northeast Fagcade of the Stadskantoor (Ronald Tilleman, 2016)
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4 Results

4.1 Definitions of Regenerative Concepts in the Built Environment

After the initial review of over 50 sources (see Appendix B) — like academic research papers, books
and reports — on the topic of regeneration, six definitions of the key terms for a regenerative built
environment are proposed.

4.1.1  Regeneration (the Shift)

In the context of the built environment, regeneration of social-ecological systems means that humans
participate with and as nature, by recognising their inferdependencies with natural ecosystems
when constructing buildings or infrastructure. Regeneration does not see a project in isolation and
redefines the act of building as a catalyst for positive change, to make a place better than a sup-
posed origin condition by replacing a degenerative linear system with cyclical flows and continu-
ously improving it over time.

place place
system —p —— P system
FLOWS FLOWS
IN ouT

Figure 4.1: Regenerative Flows (own illustratfion)
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Figure 4.1 illustrates the systemic flows in and out of a building, as well as the place in which it is
located. The key nofion of regeneration is that the flows going info a place become ‘better’ — orin
other words, become beneficial for the local place and the global ecosystem — because a ‘living
building’ is constructed in this particular place. In this framework, the traditional S-layers model is thus
extended by ‘place’ and ‘system’. As described by Bill Reed:

“With sustainability the focus is the project.

With regeneration, the focus is the system, and the role the project plays within that system” (Reed, 2020).

4.1.2 Regenerative Sustainability (the Outcome)

Regenerative sustainability is based on a social-ecological living systems worldview and goes beyond
the aim of neutral sustainable outcomes — meeting the needs of the present without compromising
future needs —instead, it suggests that human activity can happen in a mutually beneficial symbiosis
with natural ecosystems, to achieve net-positive value for planetary health and societal wellbeing.

4.1.3 Regenerative Development (the Support)

Regenerative development uses place-based systems thinking to generate the necessary conditions
that inform, define and facilitate the achievement of regenerative sustainability, by developing a
(stakeholder) system’s capability and capacity to co-create and co-evolve a regenerative process.

4.1.4 Regenerative Design (the Creation)

Regenerative design gives form to a place by applying a system of regenerative principles through
an integrated and ongoing holistic design process, to create and deliver regenerative sustainability
across the whole life cycle.

4.1.5 Regenerative Principles (the Activities)

Regenerative principles are a system of strategies, actions and fools, which can be applied locally
as well as globally, to reverse the degeneration and achieve the regeneration of social-ecological
systems through net-positive impacts.

4.1.6 Net-positive Impacts (the Evaluated Outcomes)

Net-positive impacts of regenerative principles means that these practices yield a surplus of shared
value flows across the whole value chain of a project’s life cycle, thereby reversing past environmen-
tal harm (degeneration) and improving future social-ecological systems (regeneration).
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4.2 Regenerative Principles

The following categorization of ten principles is based on an extensive literature review. It differenti-
ates between four regenerative development principles, as well as three global and three local re-
generative design principles. Each of the ten principles have multiple sub-principles, or actions/prac-
tices, which are summarized in non-exhaustive lists in fables at the end of their corresponding chap-
ters. These ten principles bring together the vast amount of various approaches that are described
in the literature on regenerative development and design in the built environment.
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4.2.1 Regenerative Development Principles

Regenerative development can be summarized in four main principles that support the achieve-
ment of regenerative sustainability by informing, defining and facilitating the regenerative design
process globally and locally.

Development Principle 1 ‘ Development Principle 2 ‘ Development Principle 3 ‘ Development Principle 4

Place-based ‘ Systemic ‘ Co-creation ‘ Co-evolution

systemic
development

place

— P system

FLOWS
out

co-evolving
development

=
26
B85
8o
4
o]

(0]
s

place-based
development

Figure 4.2: Regenerative Development Principles (own illustration)
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4.2.1.1 Place-based: understand the pre-de-
velopment site and develop from po-

tential with place-based solutions

When it comes to developing buildings, site
boundaries are often one of the first things
drawn around ‘the project’. Similarly, life cycle
assessments of these buildings also use the ter-
minology ‘system boundary’ to disregard cer-
tain factors (see Figure 2.21). Construction pro-
jects are therefore mostly framed as site-based
activities, focusing on the ‘iron triangle’ of time,
cost and quality. By broadening ‘the project’
beyond the local construction site, it becomes
possible to view it as part of a multi-scalar eco-
system to drive sustainable change (Chan,
2023). In regenerative development, the site is
extended by the term ‘place’. Here place is
defined as a multilayered network of living sys-
tems within an area (Mang & Reed, 2012).

Regenerative development starts with the un-
derstanding that every place is a living, dy-
namic entity — shaped by its unique past, con-
stantly evolving, forming and dissolving. It is
continually influenced by the larger systems sur-
rounding it (Mang & Reed, 2012). The focus on
place stems from the intention to ground deci-
sions in a deep understanding of its unique
story. Regenerative practices use collaborative
processes to uncover the social and ecological
narratives of a place. This involves exploring lo-
cal and regional ecological dynamics, climate
frends and the social structures that shape
communities. In regenerative thinking, both the
community and the place itself are seen as es-
sential sources of information (Robinson & Cole,
2015). The focus on place and its local commu-
nities is of significant importance in adapting to
climate change, since while the aggregation
of GHG emissions drives the climate crisis glob-
ally, its consequences will be experienced by
communities locally (Cole, 2020).

To identify the influence of a local construction
project’s impacts, a three-level framework can
be used. The first level ‘project’ can be a single
building, infrastructure or regional planning ef-
fort. The second level ‘proximate whole' is the
living system in close connection to the project,
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confined by natural features or cultural agree-
ments, like a watershed or a neighbourhood.
The third level ‘greater whole' is represented by
the district or city in which the project is lo-
cated. However, only looking at these bound-
aries hardly ever uncovers how a living system
actually works. Therefore, studying the patterns
of geophysical, biological and human organiz-
ing can yield more sophisticated analyses. To
develop an understanding of place, one can
start with involving local people to share how
they describe or express their place and what
they love about it toregenerate a sense of con-
nection fo the place (Mang & Haggard, 2016).

From the inferactive process that involves peo-
ple in designing what a place with unique po-
tential is set fo become, a ‘statement of vocao-
tion' can emerge. This can be achieved
through four complementary approaches.
Firstly, by imagining a place within a timeline,
seeing ifs constantly creating value and what
advancing it would look like. Secondly, by
drawing on legacies of a place they can be-
come new sources of spirit fo confribute to the
larger system. Thirdly, identifying iconic events
and people of a place to make a unique con-
fribution. Finally, ‘taking inspirafion from the fu-
ture’, can answer how a place could allow
coming generations to thrive. In that way, a
place’s vocation helps stakeholders to organ-
ize and order their endeavours towards a
higher purpose (Mang & Haggard, 2016).

Starting with potential shifts a project team’s fo-
cus to what matters, driving system evolution
toward greater value creation. To do this, the
team must learn what is essential to the place
and its stakeholders to integrate it into the pro-
ject. Moreover, it has to consider the project’s
larger systemic context. The design challenge is
to uncover the value of a restraint and how it
can be turned into creative energy. Further-
more, regenerative projects should not start
with defining performance measurement tar-
gefts like in most sustainability projects, but with
mapping the emerging patterns of systemic re-
lationships to clarify the necessary shifts to real-
ize regenerative potential. The moment of
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seeing this potential is an essential milestone for
aregenerative project and should not be over-
shadowed by only concentrating on measura-
ble targets (Mang & Haggard, 2016). The de-
sign feam has to develop the capacity for im-
agining someone/something else in concrete
images. This requires ‘function thinking’ to ana-
lyse data, as well as ‘being thinking’ to imagine
unexpressed potential. Both have to see every-
thing in motion, since living systems are always
evolving and regeneration is an instrument of
evolution. This means that goals have to be set
in a way that they address both existence and
potential fo ensure that short-term functional
goals align with long-term system evolution
(Mang & Haggard, 2016).

This emphasizes the importance of the pre-de-
sign phase to build stakeholder alignment, a
shared purpose, and discover the a place’s po-
tential, carrying on through all subsequent
phases. The following guidelines stand in con-
trast to fraditional project hearings, which
frame a separative relationship between pro-
ject and community. Firstly, creating an ‘equa-
tion of co-responsibility’ means that stakehold-
ers should be aligned around a large enough
scope of purpose to bind them together as al-
lies. Secondly, it requires an open process be-
tween the team to refuse preconceived solu-
tions. Thirdly, making the core project values ex-
plicit and shared, and using them as a source
of creativity, can reduce conflicts. Finally, em-
ploying new measures of success that address
the universal desire to be respected as individ-
ual in a unique place can provide a basis for a
shared sense of what success means (Mang &
Haggard, 2016).

This process begins with understanding the pre-
development conditions of a given construc-
tion site and the systems beyond it. This thor-
ough investigation into a place is more exten-
sive than the typical site analysis. Genuinely un-
derstanding the pre-development condifions
of a place requires to ask questions like: What
would a thriving ecosystem look like in this
place? What carbon sinks, biodiversity, poten-
tial building materials or social networks exist on
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site? What exists beyond the site boundary and
how is it connected (Cheshire, 2024)2 If this
analysis uses pre-construction conditions as the
baseline — rather than pre-urban conditions —
then ‘net-positive’ falls short of being a true par-
adigm shift. The concept of net-positive, means
measurable gains in both the ecological and
the social dimension. Unless nature is restored
faster than it is being depleted globally, the
outcome remains net-negative (Birkeland,
2022). Based on the reviewed literature, con-
crete exemplary actions to understand the pre-
development site are the following:

e Analyse the carbon sinks (e.g. trees, sail),
water movements, biodiversity, building ma-
terials that exist on the site and its surround-
ings

e Think beyond the boundary of the construc-
tion site to look for opportunities that benefit
the wider social-ecological system

o Map the whole stakeholder ecosystem

e Involve the local community and sustainabil-
ity experts early

e Discuss what a net-positive building in this
place could potentially look like

o Define the social-ecological project budget

e Develop a long-term and holistic regenera-
tive business/value case

e Be aware that placemaking (assuming that
a place was not a place before its develop-
ment) is not the same as place-based devel-
opment (NSC, 2024c).

Figure 4.3 visualizes place-based development.
According to Mang & Haggard (2016) three
questions can be asked: (1) How bigis here? (2)
How does here work? (2) What kind of here is
this2 This could be summarized in the question
of how big the place which can be influenced
by the project is. Therefore, the site boundary is
seen as permeable fo its context. Many pro-
jects might only be able to have a positive in-
fluence on their neighbourhood, while others
can become landmarks for cities or even coun-
tfries. When considering a project’s place, the
next step is to also see its systemic relationship
with local and global ecosystems.
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Figure 4.3: Place-based Dev. (own illustration)

4.2.1.2 Systemic: develop by applying holis-
tic living systems thinking

The built environment encompasses many sys-
tems that interact with each other and their
context, including the natural environment and
its biodiversity. Every organization has a foot-
print of its built environment, influencing the
daily lives of living beings and as a ‘system of
systems’, it also affects many other sectors
(EMF, 2024). Regenerative development there-
fore works with the whole social-ecological sys-
tfem to enhance the system’s capacities to co-
evolve and increase their potential (Du Plessis,
2012). A regenerative worldview requires a fun-
damental mindset shift, in which humans are
seen as co-creators to the whole earth system.
This perspective of living systems is widely
agreed upon and included in some of the most
prominent frameworks for regenerative devel-
opment, like the LBC, LENSES and REGEN
(Wang ef al., 2023). Systems are often concep-
tualized as webs, networks or metabolic pat-
terns which organize ‘flows’ of information, ma-
terial and energy that enable life. Within a net-
work ‘nodes’ are the points where these flows
infersect and design interventions can be
made. To create a value-adding exchange, it
is important fo slow or intensify and to concen-
trate or distribute the impact of a flow when
necessary (Mang & Haggard, 2016).
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On the one hand, systems thinking is common
sense and has been used in project manage-
ment since the mid of last century, on the other
hand it is very difficult to apply, because it re-
quires to understand the whole while keeping
its parts in focus (Winch, 2012). The act of build-
ing directly and indirectly influences a place
and its community, as well as the larger living
systems of the planet. When it is understood
that the purpose of sustainability is to sustain
life-enhancing conditions, the scope of work for
practitioners in the built environment will ex-
pand to include living system approaches
(Reed, 2007). This represents a new way of
thinking, or mental model, about the complex
interrelations between built, ecological and so-
cioeconomic systems at different scales (Rob-
inson & Cole, 2015). Consequently, project
teams need the ability of operating beyond
conventional construction practices and be
trained for implementing living systems thinking.
(Naboni & Havinga, 2019). This systems thinking
approach emphasises the shift from sustainabil-
ity fo regeneration (Plaves et al., 2024).

Systems thinking in regenerative development
takes a holistic approach, looking beyond pro-
ject boundaries to consider impacts on natural
cycles, resource flows and social systems. Pro-
ject stakeholders must understand how build-
ings interact with broader systems and aim to
create designs that support and enhance
them. Since human systems exist within natural
systems, each project’'s impact should be
viewed in this larger context. While project
teams often define boundaries based on phys-
ical or commercial limits, systems thinking chal-
lenges these limits, focusing on overall system
efficiency instead (Cheshire, 2024). This ap-
proach recognises the complex inferconnec-
tions involved in achieving regeneration by
thinking beyond buildings, which is at present
best understood and applied in the circular
economy context (Plaves et al., 2024).

The ‘state of the system’ can usually be in-
creased by inflows and decreased by outflows.
Think of savings, populations or resource stocks
(Meadows, 1999). In regenerative
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development a project in a parficular place
can tfransform its inflows into beneficial outflows
through ‘living buildings’ that add to a place’s
value over time. Just like ‘the project’ can be
thought of as a ‘project delivery system’, with
off-site and on-site activities by the project
team, the project (or place) can also be con-
sidered as a node which can improve the
whole system of which it is a part. Figure 4.4
shows four leverage points (nodes) to intervene
in the system of a place. The deeper points
have more leverage on the whole system.
These points are related to the often used ‘ice-
berg model’ in systems thinking. What is visible
on the surface of a system are physical events,
while the much greater part of the whole sys-
tem is hidden - just like most of an iceberg’s
mass is hidden below the sea surface. Looking
beneath this ‘surface’ can uncover patterns
and frends of behaviour, underlying structures
and mental models. The highest leverage
points are simultaneously the deepest underly-
ing beliefs (Ramball, 2025). Regenerative de-
velopment is about shifting these mindsets. A
striking example for paradigms in the BE is that
pyramids were built because ancient cultures
believed in afterlife and in the 21st century sky-
scrapers are constructed due to the belief (or
fact) of downtown city space being extremely
valuable (Meadows, 1999). Going from green
buildings to regenerative ones also requires to
hit a leverage point that shifts AEC & RE from
doing things to nature to being part of nature.

constants,
parameters,
numbers, stocks,
buffers & delays teadback &
information
flows rules,
- structure &
A v goals of the
i Vo
,“ I\;\)Iuct’e“; i orve system ~
- — : mindsets &
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system events ‘ | ‘
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& trends |

underlying '
structure |

mental
models

Figure 4.4: Systemic Dev. (own illustration)
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4.2.1.3 Co-creation: develop through an eqg-
vitable and collaborative process

Value creation from regeneration happens
through co-creative partnerships of humans
with nature (Konietzko et al., 2023). A regener-
ative project becomes value adding when its
function is co-creative and co-evolutionary
(Mang & Haggard, 2016). A regenerative ap-
proach aims to understand how the built envi-
ronment can co-create with the natural envi-
ronment to perform the functions of earlier eco-
systems. Thus, the key partnership that society
needs to rebuild is with nature — the ultimate,
universal stakeholder. Humans must (re)learn
how to co-create and co-design with it, instead
of frying to control and contain it (Arup, 2024).

For regenerative practitioners, this involves ex-
tensive collaboration with diverse stakeholders,
not just AEC professionals or individual clients
(Cole, 2023). When developers try to engage
communities, they often face conflicting opin-
ions, stifling creativity. The issue is a lack of true
co-creation. In contrast to simply brainstorming
opinions without implementing them, co-crea-
fion brings focus and responsibility for a shared
future identity info an equitable group process.
Developers who truly collaborate with commu-
nities, rather than persuade resistant neigh-
bours, are more likely to succeed. Therefore, re-
generative development gives equal attention
fo its product and process (Mang & Haggard,
2016). This process can be facilitated by:

o Upgrading the pre-design process (Cole,
2023; Mang & Haggard, 2016)

e Digital technologies/tools for regenerative
design (Cianchi et al., 2024; C. De Wolf &
Bocken, 2024; Naboni & Havinga, 2019)

e Regenerative business models (Das &
Bocken, 2024; Konietzko et al., 2023)

e Regenerative supply chain management
(Oyefusi, Enegbuma, Brown, & Zari, 2024)

¢ Regenerative governance & education (In-
ternational Living Future Institute, 2024;
Wang et al., 2023)

e Using indigenous knowledge (Cole, 2020;
Toner et al., 2023)

o Evidenced decisions (Craft et al., 2021)
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Figure 4.5: Co-creative Dev. (own illustration)

Figure 4.5 illustrates how in co-creation a build-
ing's form is given to by many stakeholders as
part of a system. While in the past a client could
hire a single architect who as a generalist could
take care of most of the project, in regenera-
tive development this role is shiffing more fo-
wards being a facilitator of a process and also
bringing in nature as a key project stakeholder.

4.2.1.4 Co-evolution: develop the capability
and capacity for co-evolution

The terms ‘co-evolution’ and ‘co-evolving' are
present in many definifions of regenerative de-
sign and development. According to co-evolu-
tion, a regenerative project does not end with
the delivery of a constructed building (Mang &
Reed, 2012). Instead, the successful completion
of aregenerative project enables the continu-
ous co-evolution of systems trough an ongoing
collaboration even after the project handover
(Mang & Haggard, 2016). The aim is the creao-
tion of a built environment that gives back
more than it tfakes and supports the co-evolu-
tion of both human and natural systems (Der-
vishaj, 2023). While respect for place, systems
thinking and co-creation are already well
acknowledged practices on their own, co-evo-
lution has not yet received the same recogni-
tion (Cole et al., 2013). Co-evolution advances
the work of the other principles and realizes the
co-created potential of a project’s systemic re-
lationship with its place (Mang & Reed, 2012).
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This new paradigm sees the planet as a com-
plex, living and adaptive social-ecological sys-
tem that is constantly changing. Here humans
are not just regarded as clients and users of
ecosystem services, but as a part of and part-
ners of nature in the processes of co-creation
and co-evolution (Cheshire, 2024). Regenera-
fion occurs through the ongoing process of
constructing and inhabiting a system that in-
cludes the building, its occupants and the
broader ecological and socio-cultural context.
This integrated system acts as a catalyst for pos-
itive transformation within its specific place
(Mang & Reed, 2012). Similarly, just as individual
buildings are not themselves ‘regenerated’, the
concept of co-evolution does not apply at the
scale of a single building. Co-evolution
emerges from the dynamic relationships be-
tween the entire built environment and the
ecological and social-cultural systems it inter-
acts with (Cole et al., 2013).

Figure 4.6 illustrates how a building'’s life cycle
can be conceptualized as reinforcing loops of
value flows that increase, or co-evolve, through
time. This differentiates it from the conceptuali-
sation of circularity, which is often visualized as
a circle to illustrate a closed-loop system. In this
context, evolution means that inflows and out-
flows happen confinuously, but especially at
end and begin of life cycles. A life cycle could
for example be ended through a renovation or
deconstruction of the building.
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Figure 4.6: Co-evolving Dev. (own illustration)
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4.2.2 Global Regenerative Design Principles

Global regenerative design principles support the co-evolution of society and nature on a broader
scale, beyond the individual project. They are system-related and focus on three complementary
overarching principles to achieve regenerative sustainability.

Global Design Principle 2 Global Design Principle 3

Global Design Principle 1

Circularity Net-positive Flows

Ecosystem Services

systemic
development

global

regenerative
design

principles

place place

system —p —— »  system

FLOWS FLOWS
IN out

co-evolving
development

co-creative
development

place-based
development

Figure 4.7: Global Regenerative Design Principles (own illustration)
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4.2.2.1 Ecosystem Services: provide ecosys-

tem services

Ecosystem services are the benefits that hu-
mans gain from nature (Zari, 2012). Nature pro-
vides services that sustain human survival. It pro-
vides food, clean water, climate regulation,
cultural value and is essential for human well-
being (EMF, 2024). Emulating the functions of
natfural ecosystems can serve as the guiding
goal for a project’'s ecological performance,
while the specific approaches or technologies
used to achieve these goals can be selected
from a broad range of existing design solutions.
(Zari & Hecht, 2020). Ecosystem services can be
grouped into four categories (Zari, 2012):

e Provisioning Services (e.g. energy & water)
o Regulating Services (e.g. air & climate)

e Supporting Services (e.g. nutrient cycling)
e Cultural Services (e.g. recreation & spirit)

These ecosystem services are currently not fully
acknowledged by the markets. Conventional
economic theory regards them as environmen-
tal ‘externalities’. To a large extent building as-
sessment methodologies like BREEAM or LEED
also do not consider these topics (Cheshire,
2024). Nevertheless, ecosystems demonstrate
how life can thrive within a specific site and cli-
mate, offering valuable insights info how the
built environment can operate as an intercon-
nected system, rather than a collection of iso-
lated, object-like buildings. Some of these ser-
vices have been found to be highly applicable
in the built environment. For example, provision-
ing services can provide renewable energy as
well as fresh water through rainwater harvesting
or water recycling. Regulation services can be
achieved by air and water purification through
green roofs, green facades or filtration tech-
nigues, and climate regulation services through
revegetation, passive solar design or thermal
masses. Moreover, these services can also in-
clude the provision of habitats by living roofs or
urban forests and nutrient cycling through ur-
ban mining or cradle-to-cradle design (Zari,
2012).
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By finding inspiration in how ecosystems work,
project teams can follow successful models
when designing buildings. Ecosystems are dy-
namic and ever-changing. They adapt and
evolve, maintain resilience over time and en-
hance nature’s capacity to support life. Func-
tioning as self-organizing, decentralized and
distributed networks, ecosystems rely on feed-
back loops, respond to local conditions and
optimize the whole system. They learn, heal and
evolve through rapid and gradual change, us-
ing cyclical processes, built-in redundancies
and multifunctional parts. Their structure and
function is shaped by available local resources
and energy, guided by functional necessity. If
building projects would perform these ecosys-
fem services beyond their own needs or
boundaries, the BE's causes of climate change
and biodiversity loss could to a certain extent
be mitigated (Zari, 2018). Ecosystem Services
Analysis (ESA) explores the measurable provi-
sion of ecosystem services that happened on a
specific site when it was an undisturbed ecosys-
tem. Thereafter, this is compared to the current
ecosystem services provision on the same (now
developed) site. The analysis can then be used
to determine sustainable (or regenerative) de-
velopment goals, based on site-specific eco-
logical conditions. Zari (2018) proposes a four-
step ESA methodology (Figure 4.8):

¢ Decide if a healthy ecosystem that can be
studied exists in the place

e Investigate measurable rates of existing
ecosystem service provision on the site

e Determine targets for the performance of
the future building

e Evaluate the suggested interventions from a
systemic life cycle perspective

Regeneration strives to create positive impacts,
exceeding those provided by ecosystem ser-
vices of a site’s native habitats. Therefore, it is
important to consider regeneratfion (doing
more good) independently from mitigation
(doing less bad). Thus, a project’s positive im-
pacts should never just be subtracted from its
negative impacts, but reported separately (Bir-
gisdottir, 2023).
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Figure 4.8: Ecosystem Services Analysis (own illustration, based on Zari (2018, p. 141))
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4.2.2.2 Circularity: optimize the project for a
circular economy

The most recognized definition of the circular
economy is that it is restorative and regenera-
tive (Kirchherr et al., 2023; Morseletto, 2020; Mul-
hall et al., 2019). The EMF also lists ‘regenerate
nature’ as one of their three core principles —
next to ‘eliminate waste and pollution’ and ‘cir-
culate products and materials’ (EMF, 2024). In
the context of the BE, the regenerative design
and CE literature frequently overlaps. Some
scholars list regeneration as a circular building
strategy (Bucci Ancapi et al., 2022; Cetin et al.,
2021; NuBholz et al., 2023), while many other
sources also see circularity as a key principle of
regenerative design and development (Arup,
2024; Cheshire, 2024; Rambagall, 2024a; Sweco,
2024). Therefore, it is important to highlight the
overlaps between both, which indicates that
they could serve as complementary and mutu-
ally reinforcing approaches to regeneration in
the BE (Sala Benites et al., 2023b).

However, the literature on regenerative design
— while proposing strategies for co-evolution —
often does not address key circularity topics like
material supply, production, transportation,
(de)construction, or strategies to ensure a
longer life cycle (Pavez et al., 2024). To address
the pros and cons of both concepts, it might be
effective to merge their ideas in a unified ap-
proach (Sala Benites et al., 2023a). Conse-
quently, the framework proposed by this master
thesis views circular building as a key regenera-
tive design principle. The definitions of both
concepts share aspects related to nature. Cir-
cularity gives additional emphasis to eliminat-
ing externalities, new business models and sup-
ply chains. Systems thinking is present in both
concepfts, although it is emphasized stronger in
the regenerative literature. Regeneration also
places additional focus on the creation of pos-
itive impacts and the possible synergies of the
social-ecological system (Sala Benites et al.,
2023a). Regeneration of resources is also an
emerging approach in the circularity literature
as an addition o slowing, closing and narrow-
ing resource loops (NuBholz et al., 2023).

Generally, the circular economy principles
align well with the regenerative design ap-
proach, especially using what is available on
site or locally, transforming waste info a re-
source and using bio-based materials that are
locally sourced and have low embodied car-
bon. (Cheshire, 2024). Just as a circular build-
ing, a regenerative built environment is under-
stood to be comprised of several layers that
can be adapted and transformed over time to
improve their environmental, social and eco-
nomic performance (C. De Wolf & Bocken,
2024). Circular building can be summarized into
four main strategies (Brusa Cattaneo, 2024; Cir-
cular Building Coadlition, 2024; Marchesi &
Tavares, 2025):

e Build Nothing

e Build for Long-term Use

e Build Efficiently

e Build with the Right Materials

Circularity in the BE is closely linked to life cycle
thinking and a cradle-to-cradle approach. The
commonly used assessment method with the
four main phases of production, construction,
use and end-of-life is based on resource flows.
However, it overlooks the design process, which
is the most important phase fo influence a
building’s future impacts on the social-ecologi-
calsystem (Cetin et al., 2021; Sala Benites et al.,
2023a). Up to 90% of these impacts are influ-
enced by design decisions (Arup, 2024). In this
phase the project team can rethink current
habits, refuse harmful practices, reconnect
with nature, reimagine and redesign the built
environment, while reducing resource use (Sala
Benites et al., 2023a). In most traditional RE pro-
jects, each building is treated as a unique cre-
afion, designed and constfructed from scratch
by a temporary team with minimal process
standardization, IT support or industrialization.
Consequently, around 80% of building projects
face budget overruns due to quality issues, or-
ganizational errors and delays. These chal-
lenges arise not from a lack of effective fools
and methods but from their underuse, driven by
the fragmented nature of the real estate devel-
opment process (Brusa Cattaneo, 2024).
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Figure 4.9: Circular Building Process (Brusa Cattaneo, 2024, p. 92)

Figure 4.9 illustrates the value chain of circular
buildings, considering both the off-site and on-
site activities, with logistics and fransport as
centre. With higher circularity integration, they
become increasingly determining for the envi-
ronmental footprint (Brusa Caftaneo, 2024).

Off-site Activities (Global)

Activities off the building site are mostly related
to managing the complex delivery system that
enables a successful construction. Applying cir-
cularity in this process requires to change the
traditional project delivery system (Gerding et
al., 2021). This fraditional approach is based on
carrying out individual projects by temporary
teams, typically organized as ‘modular clus-
ters’, where an architect or general confractor
acts as weak system integrator of other firms.
Within this project-based business it is very diffi-
cult to initiate new models for project delivery
(Hall et al., 2022). Platform-based systems have
the potential to be better suited for circular
construction. They are characterized by long-
term relationships, advanced supply chain lo-
gistics, productization of technical systems and
self improvement. Platforms can enable opti-
mized circular solutions that can be reused
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across projects and formalization of knowledge
within project teams. These platform structures
are centred around a core systems integrator
who maintains high control over product and
processes through long-term partnerships and
mutual dependencies (Brusa Cattaneo, 2024).

¢ On-site Activities (Local)

With increased off-site prefabrication and cir-
cular construction methods, the fradifional
construction site becomes more of an assem-
bly site of 2D and 3D modules into a building,
which becomes a temporary storage of mate-
rials — also called ‘material bank’. In the context
of a circular economy, buildings turn into sys-
temized products that are able fo be assem-
bled and reassembled in many different
shapes (Brusa Cattaneo, 2024). With this opfimi-
zation, the whole building process can be
achieved 20 - 50% faster (Bradley et al., 2024).

The various design approaches to create circu-
lar buildings are described extensively in the ex-
isting literature, therefore explaining them in de-
tail is beyond the scope of this master thesis. A
summary of the various actions from the litera-
ture is listed in Table 4.2.
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4.2.2.3 Net-positive Flows: create new mate-
rials, energy, information & nature

The term ‘flows’ is associated with regenerative
design in the built environment since its origins
in the nineties, in which it is described as “cycli-
cal flows at sources, consumption centers and
sinks” (Lyle, 1994, p. 10). A simplified description
of net-positive flows, or buildings with a positive
footprint, could be to decide what goes into
the construction of a building and to ensure
that it becomes beneficial after its completion
(van der Meulen, 2022). The catchy term ‘net-
positive’ also expresses the direction for the pur-
suit of going beyond ‘green’ buildings. In the lit-
erature, it is often used to describe buildings
that generate more energy or resources than
they consume. Although in nature such a sur-
plus can also act as a pollutant, potentially
causing harmful effects on the broader system.
Humans are the leading contributors to such
surpluses that became pollutants, most notably
greenhouse gases (Mang & Reed, 2015). There-
fore, the concept of buildings that add value
to ecological systems and generate more than
they require fo meet their own needs have an
important condition for surpluses to be consid-
ered beneficial: they must have “benefits to
the systemic capability to generate, sustain
and evolve the life of a particular place*
(Mang & Reed, 2015, p. 7).

Living systems are networks that organize flows
and exchanges of material, energy or infor-
mation. A building can be seen as a ‘node’
where these flows inferact and intersect with
flows of people to generate new flows. The task
of the building's design team is to design these
flows in a beneficial way for the larger living sys-
tem (Mang & Haggard, 2016). Examples for
building parts that can create net-positive flows
are renewable energy systems like solar panels,
wind furbines or heat pumps. Biofilters can
clean grey water on site and rainwater can be
harvested and used within the building. Green
building skins that can generate cleaner air
and create habitats for animals. Urban farming,
which grows food within or on the building, is
another example of creating new resource

53

flows by buildings. Moreover, by connecting
this principle to the circularity principle, a de-
mountable building can be used as a material
bank to generate new sources of resource
flows in the future (Mulhall et al., 2019).

e Material Flows

The base for resource flows in buildings are
products designed as biological ‘nutrients’ for
the biosphere, and as technical ones for the
technosphere. Biological nutrients are in-
tended to safely re-enter the biosphere, turning
into resources for a new cycle. Technical nutri-
ents are materials that either do not degrade
easily or would cause contamination within the
natfural nutrient flow. They should be intfention-
ally designed to preserve embedded value.
(Mulhall et al., 2019). Visualizing these material
flows (Figure 4.10) reveals that around 75% of all
used construction material for Europe’s real es-
tate is concrete (Circular Building Coadalition,
2023), which can not easily be reused in a new
cycle. Moreover, 72% of all carbon in buildings
comes from just two materials: concrete (37%)
and steel (35%) (Rambagll, 2024b). Therefore, us-
ing and reusing bio-based materials like timber,
which can store carbon, is key to achieve re-
generative buildings (Cheshire, 2024).

o Energy Flows

In regenerative design, ‘net-positive energy’
should not simply aim to produce more energy
than a building requires, because sending en-
ergy across site boundaries does not automati-
cally mean it is beneficial (Birkeland, 2022). One
example for a supposedly positive energy sur-
plus that can turn info a pollutant is the high
amount of Dutch electricity production, lead-
ing to a net-congestion of the electricity grid
(TNO, 2024). Consequently, the whole system of
which the building is a part of has to be consid-
ered. Often it is also not possible to generate all
required energy on-site. In that case the regen-
erative building has to be supplied by renewa-
ble energy. Additionally, it can reduce energy
demand through passive design, efficient sys-
tems and supportive user behaviour (Interna-
tional Living Future Institute, 2024).
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¢ Information Flows

Net-positive buildings equipped with modern
digital information technologies (IT) are able to
create new flows of informatfion. Smart build-
ings as part of smart cities play arole in shaping
a regenerative future by IT like smart grids, the
internet of things (loT), artificial intelligence (Al)
and blockchain technology (BT) (C. De Wolf &
Bocken, 2024). BT is also proposed as a solution
to address the governance challenges of man-
aging the information in complex systems of re-
generative buildings. It can do so by ensuring
equitable information access for all stakehold-
ers, using smart contracts of decentralized au-
tonomous organizations (DAOs) to govern re-
generative procedures and represent values
beyond monetary ones through tokenization
(Wang et al., 2023). In the future, real estate
value could be determined by the digital ‘flow’
it is able to produce (Kempeneer et al., 2021).
The LBC also requires its cerfified buildings to
publicly share case study information for edu-
catfional and inspirational purposes, aimed at
positively impacting the design of future build-
ings (International Living Future Institute, 2024).
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e Nature Flows

The current economic system is still based on
the assumption that nature has the capacity to
be an unlimited source of materials and an infi-
nite sink for pollution (Birkeland, 2022). The
crossing of the planetary boundaries shows that
this mindset is no longer sustainable. As a con-
sequence, the real estate sector needs to think
about nature the same way it does about car-
bon and adopt a whole life cycle approach of
its nature impacts fo reverse climate change
and nature loss (WBCSD, 2024). Regenerative
design aims to do this by creating nature-posi-
tive buildings (Birkeland, 2022). A nature-posi-
tive building is defined as “a building that deliv-
ers a nef-positive benefit for nature across ifs
whole life cycle” (WBCSD, 2024, p. 7). Net-posi-
tive impact on nature is achieved when a pro-
ject actively restores or enhances the ecologi-
cal function of its site and surrounding ecosys-
tem. This includes regenerating native habitats
based on the site’s ‘reference habitat’ and re-
generating land elsewhere by offsetting una-
voidable impact via ‘habitat exchange’ (Inter-
national Living Future Institute, 2024).
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Global Design Principle 1

Provide Ecosystem Services (benefits for humans from nature)

Some Sources

Exemplary Practices

Provisioning Services:

Rainwater harvesting/storage & greywater recycling
Renewable energy generation & fresh water provision
Urban farming and integrated greenhouses

Habitat provision for insects and animals

Regulating Services:

Indoor air, climate & temperature regulation
Purification through filtration or composting
Permeable & water retention areas

Carbon storage & waste treatment

Noise reducing surfaces

Pollination

Supporting Services:

Nutrient cycling, solar energy & soil formation

Cultural Services:

Aesthetic, spiritual & religious value of nature
Recreational community spaces

Mental & physical health

(Birkeland,
2022; Cheshire,
2024; EMF,
2024; WWF,
2016; Zari,
2012, 2018)

Potential Positive
Ecological Impacts

Adaptability to climate change & increased biodiversity
Reduced need to transport energy and materials
Reduction of environmental pollution

Enhanced air, soil and water quality

Potential Positive
Social Impacts

Promotes social recreation and interaction
Increased wellbeing of building users
Enhanced connection to nature

Access to clean resources

(Birgisdottir,
2023; EMF,
2024)

Key Building Layers

Site | Skin | Services

Key Project Phases

Project Definition | Plan & Design | Use

Key Project Stakeholders

Clients | Investors | Developers | Users | Architects | Engi-
neers | Consultants | Ecologists

Potential Financial
Benefits (Business Case)

A nature-based economy could generate an annual value of
over $10 trillion and 395 million jobs globally by 2030

€632 billion of safeguarded property value through nature-
based climate adaption strategies by 2035

Payments for Ecosystem Services (PES) offered by Governmen-
tfal Institutions to Actors that provide Ecosystem Services

Nature provides ecosystem services valued at $150 trillion
yearly (twice the world's GDP)

Table 4.1: Global Regenerative Design Principle 1 (own work)
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(Actis et al.,
2025; EMF,
2024; WEF,
20250)
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Global Design Principle 2

Optimize the Project for a Circular Economy

Some Sources

Exemplary Practices

General Strategies:

10 R-strategies (refuse, rethink, reduce, reuse, repair, refurbish,
remanufacture, repurpose, recycle, recover)

Use circular delivery systems and business models
Create, capture, share, retain & recover value

Build Nothing:

Focus on renovating and/or topping-up existing buildings
Prevent & refuse new (greenfield) consfruction

Build for Long-term Value:

Design for adaptability, flexibility, disassembly & longevity
Maximize reuse & increase building ufilisation

Build in layers

Build Efficiently:

Refuse unnecessary parts & increase material efficiency
Use industrialized, standardized & modular construction
Build smaller buildings, eliminate unnecessary spaces

Build with the Right Resources:

Reduce virgin, carbon-intensive, critical & polluting materials
Apply material, product & building passports
Use bio-based materials & minimize waste

Narrow, slow & close resource loops

(Architects Cli-
mate Action
Network, 2024;
Arup, 2020b;
Brusa Catta-
neo, 2024;
Cetinetfal.,
2021; Circular
Building Coali-
fion, 2023; EMF,
2024; Gerding
et al., 2021;
GXN, 2019;
HNN, 2024;
Metabolic,
2024b; NuBholz
et al., 2023; H.
Wamelink et
al., 2023)

Potential Positive
Ecological Impacts

Reduced virgin material extraction & carbon emissions

Energy savings & waste/pollution prevention

Potential Positive
Social Impacts

Job creation of new professions for circular building
Social fairness in material production & transport

Befter building performance

(Brusa Catto-
neo, 2024; EMF,
2024)

Key Building Layers

Skin | Structure | Skin | Services | Space | Stuff

Key Project Phases

Project Definition | Plan & Design | Production | Construction

Key Project Stakeholders

Clients | Investors | Developers | Architects | Engineers |
Consultants | Contfractors | Manufacturers | Logistics

Potential Financial
Benefits (Business Case)

Net-value gain by circular materials of up to $48 billion in 2030
€363 billion revenue from optimising material & design by 2035
Reduced costs over life cycle | More residual material value
Longer depreciation periods | Optimized life cycle value
More market attractiveness | More flexibility = less risk

Faster construction = earlier cash flows

Increased adaptability & resilience

Table 4.2: Global Regenerative Design Principle 2 (own work)
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(Arup, 2020b;
Bradley et al.,
2024; EMF,
2024; WBCSD,
2021; WEF,
2023)
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Global Design Principle 3

Create New Flows of Materials, Energy, Information & Nature

Some Sources

Exemplary Practices

General Strategies:

Make existing flows available for new purposes

Material Flows:

Construct buildings as material banks (BAMB)

Use cradle-to-cradle (C2C) materials

Energy Flows:

Generate more renewable energy than is consumed
Share surplus renewable energy with (uncongested) grids

Information Flows:

Use smart building data to optimize building performance
Use digital fechnologies for co-creation and co-evolution
Share information fo inspire and educate future projects
Nature Flows:

Create biodiversity net-gains from pre-construction baselines
Consider embodied and site-based nature impacts

Generate flows of natural capital

(Cheshire,
2024; Mang &
Haggard, 2016;
Mulhall et al.,
2019; van der
Meulen, 2022;
WBCSD, 2024;
WEF, 2024q)

Potential Positive
Ecological Impacts

Allows for real-time monitoring of environmental performance
Reduces virgin material extraction & creates new biodiversity

Reduces pollution from energy generation

Potential Positive
Social Impacts

Enables education and knowledge through information flows
Encourages responsible user behaviour & system participation
Combines high-tech with human focus in smart buildings

Provides access to nature

(Drees & Som-
mer, 2023q)

Key Building Layers

Site | Skin | Services | Stuff

Key Project Phases

Project Definition | Plan & Design | Production | (De)con-
struction | Use

Key Project Stakeholders

Municipality | Infrastructure Providers | Clients | Developers |
Users | Architects | Engineers | Consultants

Potential Financial
Benefits (Business Case)

Ability to produce ‘flow’ is likely to become a key value indi-
catorin real estate

Real estate (sustainability) data and information will be key to
competitiveness and future growth

Possible taxes on the impacts of virgin material use could link
resource and financial flows along the value chain

Selling generated energy to other buildings or into the grid
Independence of rising energy costs on the market
Future profits from buildings as material banks

Lower operational energy cost

Table 4.3: Global Regenerative Design Principle 3 (own work)
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(Deloitte, 2025;
Kempeneer et
al., 2021; UNEP,
2024q)
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4.2.3 Local Regenerative Design Principles

Local regenerative design principles are more place-related than the system-related global design
principles. The three local principles focus on the co-evolution of society and nature on a human,
building and infrastructure level to achieve regenerative sustainability.

Local Design Principle 1 ‘ Local Design Principle 2 ‘ Local Design Principle 3

Healthy ‘ Bio-inspired ‘ Blue-Green

systemic
development

. global
sgs%gm reggnero’nve
esign
services \ESRY(PN

system

co-evolving
development

co-creative
development

regenerative
design
principles

bio-inspired

place-based
development

Figure 4.11: Global & Local Regenerative Design Principles (own illustration)
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4.2.3.1 Healthy: create healthy projects for

user wellbeing

Regenerative design involves to use the health
of local ecological systems as starting point, to
engage with what makes a place healthy and
to learn how to participate with it in a mutual
beneficial way (Reed, 2007). This thinking is
based on the idea that humans are not only re-
sponsible for the outcomes of their actions —re-
ducing impact - but for the general health and
wellbeing of the whole system of which they
are part (Du Plessis, 2012). Regenerative design
applies a system of technologies and strategies
to give form to processes that can make a
place healthier (Mang & Reed, 2012). This is
what differentiates it from ‘green’ design,
which focuses on the performance of buildings
as separate objects. To create regenerative
buildings, project tfeams must understand how
building design, construction and use can pos-
ifively impact the ecological, social and eco-
nomic health the places in which they exist
(Cole, 2012).

To answer the question of what exactly makes
a building healthy, one can start by looking at
the ‘health & happiness’ petal of the LBC,
which aims to foster “environments that opti-
mize physical and psychological health and
wellbeing” (International Living Future Institute,
2024, p. 265). The petal has three imperatives:

e Healthy Interior Environment
e Healthy Interior Performance
e Access to Nature (Healthy Exterior)

A healthy interior environment can be created
by using materials with low or no volatile or-
ganic compounds (VOCs), maximizing ventila-
tion, daylight and fresh air, ensuring thermal
comfort by using passive strategies, or educat-
ing occupants about healthy building opera-
tion. Healthy interior performance has to be
proven through a post-occupancy evaluation
(POE) with indoor air quality monitoring. Ensur-
ing that occupants have visual and physical
connection is seen as vital for their wellbeing.
Therefore, LBC certified buildings must provide
views of nature, create outdoor access, en-
courage interaction with natural elements and
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be designed to support circadian health (Inter-
national Living Future Institute, 2024). It could be
argued that these principles are also included
in conventional green building labels like
BREEAM or LEED. However, what makes the
LBC, regenerative is that it reconnects humans
to nature, within the resource limits of the site
and planet (Arup, 2024).

A healthy building footprint goes beyond just
being ‘green’ — it actively creates value. Key
steps include: choosing resources that improve
ecological, social and economic outcomes,
designing for continuous improvement and be-
ing adaptable to its climate region (Mulhall et
al., 2019). Healthy buildings can enhance the
asset value while being positive for people and
planet (EPEA, 2021). Creating user wellbeing
can be summarized in five actions that collec-
fively contribute to a comfortable and healthy
environment (Aerts et al., 2024):

¢ Daylight, Lighting and Visual Comfort
e Thermal Comfort

e Indoor Air Quality

e Acoustic Comfort

e Nature and Social Connections

These are illustrated in Figure 4.12. Additionally,
they are supported by appealing design, af-
fordability, scalability and shareability fo
stfrengthen a sense of community (Aerts et al.,
2024; EFFEKT, 2023).

23 ! < o Ve

Tharmal
Daylight Camfort air quality Acoustics

Figure 4.12: Healthy Principles (EFFEKT, 2023, p. 51)
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4.2.3.2 Bio-inspired: apply bio-inspired design

Regenerative design requires the BE to work
with and as part of nature to support human
wellbeing and biodiversity locally (EMF, 2024).
This can be achieved through bio-inspired de-
sign, which is guided by nature to create design
solutions. Sometimes this is also referred to with
the term ‘life’s principles’ (Arup, 2024; Biomim-
icry 3.8, 2015; Gibbons, 2020). They can enable
the provision of ecosystem services (Sala Beni-
tes & Osmond, 2021) and lead to the creation
of buildings that are more efficient and better
suited to their local environment (Cheshire,
2024). This includes four main approaches:

e Biomimicry (functions like nature)

e Bio-morphism (looks like nature)

e Bio-ufilisation (uses nature)

e Biophilia (connects humans with nature)

Biomimicry is the emulation nature as a basis for
design and innovation. It has potential to con-
tribute fo the creation of a more sustainable BE
(Zari & Hecht, 2020). It can be seen as an inter-
disciplinary cooperation of biology and tech-
nology (Sala Benites et al., 2023a). Nature has
mastered the art of efficiency through millions
of years of evolution, resulting in clever designs
using minimal resources while maximizing
stfrength and functionality. By learning from if,
architects and engineers can develop struc-
tures that are not only more resource-efficient
and resilient but also aligned with the natural
environment. Inspiration can be found from
tree roots, bamboo structures, coral reefs or
bones. These provide biomimicry with inspira-
tion for ultra-efficient structural solutions — espe-
cially when paired with advanced technology.
Shifting tfowards a mindset of ‘less material,
more design’ and drawing from nature’s inge-
nuity has the potential to fransform architecture
and support a regenerative future (EMF, 2024).

Biophilia means to design spaces that support
human wellbeing by integrating natural ele-
ments (Cheshire, 2024). It is described by the
LBC as “the innate, evolutionary connection
between human beings and nature and other
living organisms” (International Living Future In-
stitute, 2024, p. 495), with over 70 design

elements, based on Kellert et al. (2011), in six
categories: (1) environmental features, (2) nat-
ural shapes & forms, (3) natural patterns & pro-
cesses, (4) light & space, (5) place-based rela-
tionships, and (6) evolved human-nature relo-
tionships. To fulfil the criteria of its ‘Beauty’ petal,
projects must include (unspecified amounts of)
these elements. The LBC also argues that bi-
ophilic design is key to creating beautiful build-
ings. For that reason ‘Beauty and Biophilia’ is
one of its core imperatives. However, It also rec-
ognises that it is impossible to mandate beauty.
Therefore, the imperative is supported by the
theory that a connection to natfure, place,
community and climate results in good design
(International Living Future Institute, 2024).

From a European perspective, the EU's ‘New
European Bauhaus' (NEB) initiative, aiming to
tfransform the BE and align it with the EU Green
Deal, also sees ‘Beautiful’ as one of its three key
values. According to the NEB, a project is beau-
fiful when it (re)activates a context’s qualities to
conftribute to wellbeing, connects people and
places and integrates social values (NEB, 2022).
Yet, these are often not included in existing sus-
tainability frameworks (Oyefusi et al., 2024). Fur-
thermore, the EU wants to position itself as a
leading innovator in ‘nature-based solutions’
(NbS) — being “solutions that are inspired and
supported by nature, which are cost-effective,
simultaneously provide environmental, social
and economic benefits and help build resili-
ence” (European Commission, 2025). NbS (Fig-
ure 4.13) have many overlaps with bio-inspired
design and blue-green infrastructure (EMF,
2024; Raymond et al., 2017; UKGBC, 2020; World
Bank, 2021; WWF, 2024).

il Y . g =\

Figure 4.13: NbS (World Bank, 2021, p. 10)
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4.2.3.3 Blue-Green: maximize water & vege-
tation-based spaces & infrastructure

There is a growing demand for increased urban
greenery that enhances natural capital and
maximizes the potential social-ecological ben-
efits of nature in city environments. (Sala Benites
et al., 2023a). Actions to regenerate urban eco-
systems and enhance the delivery of ecosys-
tem services often do that through the imple-
mentation of blue and green infrastructure
(BGI) (Bucci Ancapi et al., 2022). In contrast fo
‘grey infrastructure’ — which represses natural
systems and intensifies rising temperatures as
well as flooding — blue-green infrastructure rein-
froduces nature back into cities. It aims to mifi-
gate the threats of climate change, by creat-
ing built environments that function as living sys-
tems (Cheshire, 2024).

The term green infrastructure describes a sys-
tem of green spaces and other natural features
that can provide environmental, economic,
health and wellbeing benefits. Examples for this
are: green roofs, parks, urban forests, permea-
ble parking areas and pavements or commu-
nity farms. All of which can increase biodiver-
sity, enhance air quality and provide valuable
green spaces for communities (EMF, 2024). The
term blue infrastructure describes a system of
water-based areas and features to protect
communities from floodings, reduce erosion or
sequester carbon. Examples for this are: con-
stfructed wetlands, bioswales, rainwater har-
vesting systems, water retention features or res-
toration of urban streams (EMF, 2024).

In combination, blue-green infrastructure (BGI)
refers to strategically planned networks of nat-
ural and semi-natfural spaces that deliver a
wide range of ecosystem services. This the en-
hancement of air, water and biodiversity, cli-
mate adaption and mitigation, and recrea-
tional spaces (Arup, 2024). Within real estate
developments, a network of green roofs, parks,
orrain gardens can manage stormwater runoff,
improve air quality and create habitat for wild-
life while providing recreational opportunities
for building users (Rambagll, 2024a). To enable
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this, urban planning should work with, not
against nature. Co-evolving with blue and
green spaces improves climate resilience, sup-
ports biodiversity, and offers healthy recrea-
fional areas for communities. The principle of
GBI additionally includes resilient and adaptive
infrastructure that enhances people’s health,
connects habitats, encourages local food pro-
duction, provides mobility to make key services
accessible within 15 minutes of walking, or pub-
lic transport, and uses the sponge city principle
(Sweco, 2024). As the name implies, sponge cit-
ies aim to create permeable cities, absorbing
stormwater through natural processes instead
of managing it with grey infrastructure (Chesh-
ire, 2024). Many regenerative actions related to
GBI have been found to have positive effects
on the planetary boundaries on the neighbour-
hood and city scale (Arup, 2021), they are illus-
trated in Figure 4.14.

. Strong positive effect

O Weaker effect ]

i
Climate change

Novel entities

Stratospheric ozone
Atmospheric aerosol loading
Ocean acidification
Land-system change

Boundary condition ® ® ( ®
Cross scale
Computational design ® 0 ¢ ® o S
Sustainable materials ® ¢ ¢ ¢ ¢ © [ ]
Circular material flows ® o © ® o @
Buildings
Cool roofs ® O )
Green roofs ® o Ol ]
Neighbourhoods
Water efficiency and conservation &
Energy efficiency and conservation ® ® o
Permeable pavements O
Rain gardens and bioswales ® 0 © ®
Wetlands and coastal habitats ® O o [ [
Wastewater treatment and recycling ® 0 o
Brownfield remediation @ @ (@) O
Native landscaping &
Cities
Urban trees e o L N J
Clean and renewable energy @ ® o
Public and active mobility [ ] ® o
Wildlife corridors ® O &)
Catchments
Urban growth boundaries ® O [ J
Forest protection @ . . . .
Sustainable food sourcing ® O O (@] @

Figure 4.14: Regenerative Actions for Cities (Arup,
2021, p. 100)
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Local Design Principle 1

Create Healthy Projects for User Wellbeing (human level)

Some Sources

Exemplary Practices

Healthy Interior Environment

Prioritize indoor air quality (fresh air, natural ventilation, etc.)
Ensure inclusive design (for disabled, elderly, children etc.)
Design for visual, thermal and acoustic comfort (Figure X)
Facilitate healthy user behaviour (activity, nutrition, efc.)
Use appealing design (aesthetics, layout, textures, etc.)
Encourage social connections between building users
Consider how humans feel about buildings

Healthy Interior Performance

Create smart buildings fo measure interior performance
Consider the regenerative ability of the used materials
Consider material health and its Influence on humans
Conduct post-occupancy evaluations (POE)

Create social value

Healthy Exterior (Access to Nature)

Offer outdoor connections & provide biophilic benefits
Create terraces, loggias, balconies, roof gardens, etc

Enable human-nature interactions

(Aerts et al.,
2024; J. G.
Allen et al.,
2017; C2C PII,
2024; EFFEKT,
2023; EPEA,
2021, 2025¢;
International
Living Future
Institute, 2024;
Pistore et al.,
2023;
WorldGBC,
2020)

Potential Positive
Ecological Impacts

Healthy local habitats and ecosystems
> see Table 4.1 & 4.3

Potential Positive
Social Impacts

More cared for, utilised, accessible & maintained buildings
Prevention of ‘sick building syndrome’ & better sleep quality
Encouraged movement, creativity & social connections
Improved mental & physical health of building users
Enhanced comfort and satisfaction of building users
Reduction of sick days & disease transmission

Increased cultural connection & identity

(J. G. Allen et
al., 2017;
WorldGBC,
2020)

Key Building Layers

Site | Structure | Skin | Services | Space | Stuff

Key Project Phases

Project Definition | Plan & Design | Production | Use

Key Project Stakeholders

Neighbours | Clients | Investors | Developers | Users | Archi-
tects | Consultants | Chemists

Potential Financial
Benefits (Business Case)

Lower operating costs through passive design solutions
Increased productivity of building users = more efficiency
Higher ROI from health benefits & real estate asset value
Better alignment with (future) ESG regulations

Indirect benefits from branding and marketing

Table 4.4: Local Regenerative Design Principle 1 (own work)
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(WorldGBC,
2021)
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Local Design Principle 2

Apply Bio-inspired Design (building level)

Some Sources

Exemplary Practices

Biophilia

Connect humans with nature through designing buildings with:
Environmental features (plants, materials, water, views, efc.)
Natural shapes & forms (arches, domes, ovals, spirals, etc.)
Natfural patterns & processes (change, sensory variability, etc.)
Light & space (natural light, spatial variability, harmony, etc.)
Place-based relationships (cultural, historic, geographic, etc.)
Evolved human-nature relationships (attraction, beauty, etc.)
Biomimicry

Mimic forms, materials, constructions, processes & systems of
natural organisms, behaviours & ecosystems by designing:

Systems that enhance the biosphere’s capacity to support life
Systems that are self-organising, decentralised and distributed
Systems that optimise the whole and use cyclic processes
Systems that are adaptable, evolving & resilient over time
Systems that depend on and respond to local conditions
Systems that learn from/respond to information

Systems that heal within limits

Bio-morphism & Bio-utilisation

Bio-morphism creates designs that look like nature, without
functioning like natural systems (e.g. Sydney Opera House)

Bio-utilisation uses biological materials (biosphere) or living or-
ganisms in building designs (e.g. bio-based materials)

(C. Allen et al.,
2024;
Biomimicry 3.8,
2015; Cheshire,
2024; Kellert et
al., 2011; Zari,
2018)

Potential Positive
Ecological Impacts

Reduced GHG emissions by up to 19% per year through NbS
Provision of ecosystem services & support of local biodiversity
Increased responsiveness to local environments

Carbon-storage of bio-based materials

Potential Positive
Social Impacts

More effective integration of human systems with ecosystems
Improved cognitive functioning, sense of place & lower stress

Adaption to climate impacts by local communities

(WWEF, 2024)

Key Building Layers

Structure | Skin | Services| Space | Stuff

Key Project Phases

Plan & Design | Construction | Use

Key Project Stakeholders

Clients | Investors | Developers | Users | Architects | Engi-
neers | Confractors | Consultants | Ecologists

Potential Financial
Benefits (Business Case)

Reduced HVAC costs = higher net operating income
Trading certificates for stored carbon

Increased resilience = less risk

Table 4.5: Local Regenerative Design Principle 2 (own work)
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(C. Allen et al.,
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Local Design Principle 3

Maximize Water/vegetation-based Space (infrastructure level)

Some Sources

Building/Neighbourhood Scale (Arup, 2021;
. . . Bucci Ancapi
Rainwater & greywater harvesting, freatment & recycling et al., 2022:
Green roofs & facades, green-blue courtyards & patios EMF, 2024;
. O'Donnell et
TOWnZleY Scale al., 2021:
Integrated public functions and walkable & bikeable streets Rambaell, 2024a;
. ) Sweco, 2024;
Clean water & renewable energy efficiency & conservation WEF, 2024a:
Raingardens, bioswales, wetlands, & coastal habitats ;éo;]k)j Bank,
Permeable surfaces, sponge cities & floodplains
Exemplary Practices Urban trees, native landscaping & public parks
Nafure as a core part of a city's identity
Circular ‘waste’ collection systems
Urban food production
Regional Scale
Wildlife corridors, urban growth boundaries & forest protection
Integrated nature-positive principles into building codes
Renewable energy production (solar, water, wind, etc.)
Public mobility & tfransportation
Increased resilience to the impacts of climate change (Actis et al.,
Potential Positive Reduction of the urban heat island (UHI) effect i?zj; %g?)nnen
Ecological Impacts Improved air quality & water management
Created habitats for wildlife & biodiversity
Appealing environment to attract talent and culture
Potential Positive Increased connectivity of urban and rural areas
Social Impacts Recreational opportunities for residents
More liveable urban environment
Key Building Layers Site | Skin
Key Project Phases Project Definition | Plan & Design | Construction| Use
. Municipality | Neighbours | Clients | Developers | Users | Ur-
Key Project Stakeholders banists | Architects | Engineers | Confractors | Consultants
$745 billion business opportunities & 33 million new jobs by 2030 | (EMF, 2024;
$111 bil ¢ f s ; i it Raymond et al.,
illion of revenue from maximizing nature in cities 2017: UKGBC,
Increased market value of surrounding developments 2020; WEF,
Potential Financial 2020)

Benefits (Business Case)

Cost efficiency through mulfi-functional infrastructure
Energy cost savings due to decreased UHI effect
Increased Investment form ESG-aligned investors

Avoided/reduced flood damage costs

Table 4.6: Local Regenerative Design Principle 3 (own work)
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4.3 Impact Assessment of Regenerative Principles

Assessing the impacts of aregenerative built environment is essential to ensure that it delivers the net-
positive impacts it is pursuing. This chapter illustrates that some aspects of regenerative principles are
measurable and others are not, or not in all project phases, and explores possible KPls.

Impact Dimension 1: Social ‘ Impact Dimension 2: Ecological

Impact Categories: Connectivity & Community ‘ Impact Categories: Climate, Nature & Resources

ECOLOGICAL
IMPACTS

systemic
development

global .
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design
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community FL(())UV%/S

co-creative
co-evolving
development

=
C
0]
£
o

i}
0]
=
o

kel

local
regenerative
design
principles
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Figure 4.15: Impacts of Regenerative Principles (own illustration)
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4.3.1 Impact Dimensions

Regeneration is a trending yet complex con-
cept to define, let alone measure. Choices that
are made in developing the built environment
affect ecosystems at every scale, from local bi-
odiversity to global resource extraction. To re-
generate these systems effectively, practices
are needed that are both locally adapted and
globally connected. Living systems are dy-
namic and inferconnected, producing lay-
ered, intertwined values. Measuring regenera-
tive impact means recognizing this complexity
— something current economic models over-
look. Regenerative indicators can help to frack
the health of social-ecological systems and
guide towards living in true partnership with na-
ture. They could inform building regulations and
planning policies, ensuring social and ecologi-
cal impacts — both direct (production) and in-
direct (consumption) — are considered across
technological and biological cycles. While no
standard framework exists yet, developing such
tools is vital for meaningful, systems-level
change (Dark Matter Labs, 2024).

Regenerative principles have ecological and
social impacts, globally as well as locally. The
impact areas used in this framework are de-
fined by the Sustainable Development Goals,
Planetary Boundaries and Doughnut Econom-
ics. The 21 impact areas of the DE model are
consistently mentioned throughout the regen-
erative literature. Therefore, the framework de-
veloped by this thesis also uses it to evaluate
the net-positive impacts of regenerative devel-
opment and design. These 21 impact areas are
grouped into five main impact categories: cli-
mate, nature, resources, connectivity and
community. This framework should not be seen
as a cerfification to comply with — instead, it
aims to inspire the pursuit of a holistic living sys-
tem impact evaluation to accelerate regener-
afive practices.

Alongside social-ecological impacts, it is also
important to consider the economical effects
of regenerative principles, for them to be em-
braced by the market (see Elkington (2004)).
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4.3.2 Ecological Impacts

The focus of rating systems for green building
lies primarily on the building performance in-
stead of also considering of the natural environ-
ment (Dervishaj, 2023). Without healthy ecosys-
tems, supporting a stable climate, socioeco-
nomic goals are unachievable (Birgisdottir,
2023). The planetary boundaries can be used
as a guide for regenerative practices. The nine
impact areas of the planetary boundaries that
make up the ecological ceiling of the Dough-
nut Economics model are summarized into
three main impact categories: climate, nature
and resources. These are listed in Table 4.7. The
table also compares the different terms used in
each of the two models. While the planetary
boundaries are heavily interconnected and
mediated by human interactions (Lade et al.,
2020), this categorization helps to focus on the
two core earth systems; climate and nature,
and the resources humans extract from if.

4.3.2.1 Climate Impacts

Climate change is both a planetary boundary
and an impact that can be measured with
LCA, but each uses different units. The plane-
tary boundary is defined by a CO, concentra-
fion of 350 ppm or a ‘radiative forcing’ limit of 1
W/m2. LCA typically measures climate impact
in greenhouse gas emissions per year [kg CO,-
eq./m?/yr]. To align the two, climate models
convert the radiative forcing limit into annual
emissions: 2,51 Gt CO,-eq./yr. Currently, about
47,9 Gt CO,-eq./yr is emitted. This is 19 fimes
higher than the safe limit. To meet the Paris
Agreement’s 1.5°C target with 83% certainty,
global emissions would have to fall within this
limit in the next 5-10 years. If reductions would
start now, the timeline extends to 2029-2036,
otherwise, the carbon budget wil be ex-
hausted within five years (Birgisddttir, 2023; Re-
duction Roadmap, 2024).
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To illustrate what this target would mean for the
Dutch AEC sector, the following (simplified) cal-
culation is made (see Appendix A): Assuming
an equal division of this carbon budget
amongst all humans, the Netherlands, having a
0,225% share of the global population, has a
yearly budget of 5,65 Mt CO,-eq./yr. Currently
the country emits 144,3 Mt, of which 17,4 Mt
(12%) are related to buildings and construction
(CBS, 2025b). 12% of 5,65 Mt results in 680.988 t
CO,-eq./yr, which can be allocated to the
Dutch built environment. 23% of this budget ac-
counts for new building construction — 15% resi-
denfial and 8% utility buildings (Metabolic,
2024a). In 2024 the country constructed 85.300
new dwellings (CBS, 2025a). Assuming an aver-
age dwelling size of 60m?2, this resultsin 5.118.000
m?/yr of new residential construction. Dividing
15% of the yearly carbon budget for the built
environment by this number results in a target
of 19,96 kg CO,-eq./m?/yr for newly con-
structed residential buildings. Dividing this by 75
years, which is the expected lifetime of residen-
tial buildings for LCA calculations in the Nether-
lands (Nationale Milieu Database, 2020), results
in a carbon budget of just 0,3 kg CO,-eq./m?/yr
to build within the safe operating space and
not crossing the planetary boundary. Data
from Denmark, a comparable country, shows
that at present, housing has a much higher ap-
proximate footprint of 9,5 kg CO,-eq./m?/yr
(Reduction Roadmap, 2024). In a business-as-
usual scenario, the Netherlands will already sur-
pass its budget to reach the 1,5°C target in
2026. If the goal is adapted to 2°C, the limit will
be reached in 2040 (Metabolic, 2024a).

This example shows that implementing regener-
aftive principles in the AEC & RE sector can help
to accelerate the transition to reach its climate
goals. However, the building industry and the
political system should not be trappedin a ‘car-
bon tunnel vision’, only prioritizing the reduction
of carbon emissions, without addressing its
other impacts. Besides assessing climate im-
pacts through LCA, the BE must also evaluate
its impact on nature (Reduction Roadmap,
2024).
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4.3.2.2 Nature Impacts

Itisimportant to recognize that a big part of the
emitted GHG can be absorbed by intact na-
ture — untouched forest is able to absorb 0,83
CO,-eq./m?/yr. Therefore, focusing merely on
carbon emission reduction, while disregarding
the loss of biodiversity is like ‘shooting ourselves
in the foot’, because protecting nature would
not just add to biodiversity but also enhance
ecosystem services (Reduction Roadmap,
2024). Ecosystems stabilise the climate globally.
However, contrary to carbon for climate, no
single variable can entirely measure the quality
of well-functioning nature (Birgisdoftir, 2023).
Applying ecosystem services analysis (ESA) for
regenerative built environments, therefore, re-
quires a rethinking of KPIs. Instead of a universal
solution, performance targets should be spe-
cific to a particular place or region (Zari, 2018)

Generally, the net-positive benefits of buildings
should be delivered during its whole life cycle.
To do that it has to be differentiated between
embodied (occurring off-site) and site-based
(occurring on-site or in the surrounding area)
nature impacts. Often, the site-based nature
gains are unlikely fo compensate for the em-
bodied losses, since up to 95% of the construc-
fion sector’'s nature impact is associated with
off-site activities (WBCSD, 2024). On-site, the ‘bi-
odiversity net gain’ (BNG) approach can be
used. BNG is a (weighted) percentage value
that compares local nature before and after
the realisation of a construction project. Off-
site, biodiversity can be measured by the two
factors. Genetic diversity represents the ‘num-
ber of extinct species per 1000 years’ and is
measured in the unit ‘species.year/m?’. Func-
tional diversity is related to the role of the bio-
sphere in regulating other earth system pro-
cesses. It can be estimated by the ‘biodiversity
infactness index’ (Bll) and the ‘*human appro-
priated net-primary production’ (HANPP) (Bir-
gisddttir, 2023). This intactness of biodiversity is
largely threatened by the high demand for nat-
ural resources and raw materials (WEF, 2024a).
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4.3.2.3 Resource Impacts

The earth’s regenerative capacity refers to the
maximum amount of resources it can supply.
This capacity is estimated to be around 50 bil-
lion fons annually. Currently, global material
flows reach 106 billion tons per year. For 2060, it
is projected to be 167 billion tons annually (Re-
duction Roadmap, 2024; UNEP, 2024a). In build-
ings, the basis of material flows are products
designed as technical nutrients for the techno-
sphere and biological ones for the biosphere
(Mulhall et al., 2019). These building materials
are often responsible for many negative envi-
ronmental issues, through their life cycle (Inter-
national Living Future Institute, 2024). They often
contain so-called ‘novel entities’ — human-
made chemicals and substances that threaten
human and planetary health — which are cur-
rently difficult to systematically assess (Lade et
al., 2020). They accumulate locally and distrib-
ute globally. Over time, ecosystems and food
sources accumulate dangerously high levels of
toxic pollutants, resulting in contaminated wa-
ter supplies and soils, as well as a decline in wild-
life. Therefore, it is vital to use low-toxic materi-
als, reduce plastic use and contain pollutants
across the supply chain (Birgisdottir, 2023).

Everything in buildings is made out of materials,
which consist of chemicals. The ‘chemistry of
buildings’ has important value propositions
connected to it. To name a few, good air qual-
ity, renewable energy generation and safe sur-
faces for human contact are based on healthy
materials (Mulhall et al., 2019). Regenerative
buildings should be built with healthy materials
and renewable energy. The C2C standard can
guide the goal of building with a beneficial
footprint (Mulhall et al., 2019). It defines mate-
rial health as: “chemicals and materials used in
the product are selected to prioritize the pro-
tection of human health and the environment,
generating a positive impact on the quality of
materials available for future use and cycling”
(C2C PII, 2024, p. 3). Since the global resource
demand and supply influences both climate
and nature, it is seen as a separate category in
this framework (Table 4.7).
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9 Planetary Boundaries Doughnut Economics

Climate: Air & Atmosphere
(SDG 13: Climate Action)

Climate Change Climate Change

Stratospheric Ozone
Depletion

Ozone Layer Depletion

Atmospheric Aerosol Air Pollution

Loading

Biogeochemical Flows Nifrogen & Phosphorus

Loading

Nature: Land, Water & Biodiversity
(SDG 14 + 15: Life below Water + Life on Land)

Ocean Acidification Ocean Acidification

Freshwater Change Freshwater Withdrawal

Land-System Change Land Conversion

Biosphere Integrity Biodiversity Loss

Resources: Materials & Energy
(SDG 12: Responsible Consumption & Production)

Novel Entities Chemical Pollution

Table 4.7: Ecological Impact Areas (own work)

4.3.3 Social Impacts

Compared to environmental impacts, the so-
cial dimension of ESG is often given less empha-
sis (Kempeneer et al., 2021). Regenerative de-
sign and development is always related to a
specific place and its community (Mang &
Reed, 2012). Therefore, its social impact is also
related to these local conditions. Yet, some-
fimes it is impossible to quantify social impact
because it encompasses complex elements
like relationships, emotions, well-being and cul-
ture. What makes a community or workplace
‘good’ can vary greatly depending on individ-
ual perspectives and local context. For this rea-
son, social impact should not focus solely on
what can be easily measured (Birgisdotir,
2023). This framework groups the twelve impact
areas of Doughnut Economics’ social founda-
tion into two categories: connectivity and
community (Table 4.8).
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4.3.3.1 Connectivity Impacts

Connectivity Impacts consider the connection
of places to information networks, energy, wa-
ter, food, health and education. Based on the
literature review, generating net-positive im-
pacts would essentially mean that the connec-
tion of places to these services is ‘better’ than
in the pre-development state. However, only
providing these connections to humans by the
built environment without considering their in-
terconnectedness with the natural environ-
ment is not regenerative (Mang & Haggard,
2016). For instance, supplied energy would
have to be renewable, water responsibly used
or food organically sourced. Other impact ar-
eas like health and education are perhaps
more complex to grasp, but could be meas-
ured by percentage indicators to evaluate a
community’s access to these connections.

4.3.3.2 Community Impacts

Community impacts are related to global and
local social structures — responsible develop-
ment that emphasizes community prosperity
and equitable development that addresses
the needs of all stakeholders (Birgisdottir, 2023).
‘Community’ encompasses six impact areas:
income & work, peace & justice, polifical voice,
social equity, gender equality and housing.
While housing can be directly supplied by the
built environment, the other five impact areas
can be indirectly addressed through the whole
real estate value chain. Income & work can be
provided locally by mixed-use developments
that employ a workforce from the local com-
munity, or globally by fair wages and work con-
ditions in the supply chain. The impact areas
peace & justice and political voice can be de-
livered locally through co-creation initiatives, or
globally through worker protection by suppliers.
Social equity and gender equality can be en-
sured locally by fair rental agreements with ten-
ants, or globally by transparent procurement.
One example that shows the inferconnected-
ness of the social impacts with the ecological
impacts is the cradle-to-cradle certification. It
considers ‘social fairness requirements’ like the
prevention of child labour (C2C PII, 2024).
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17 Sustainable Doughnut Economics

Development Goals

Connectivity

10. Industry, Innovation & Networks

Infrastructure

7. Affordable & Clean Energy

Energy

6. Clean Water & Water

Sanitation

2. Zero Hunger Food

3. Good Health & Health

Wellbeing

4. Quality Education Education
Community

1. No Poverty Income & Work

16. Peace, Justice & Peace & Justice

Strong Institutions

Political Voice

10. Reduced Inequality Social Equity

5. Gender Equality Gender Equality

11. Sustainable Cities &
Communities

Housing

Table 4.8: Social Impact Areas (own work)

4.3.4 Possible Impact KPIs

In fraditional building assessment methodolo-
gies, all values are measurable. The evaluation
of regenerative buildings requires to also con-
sider areas of untapped quantitative and qual-
itative life cycle variables (Tokede et al., 2021).
Some examples for regenerative performance
evaluation techniques are ‘LENSES’ (Plaut et al.,
2012), ‘REGEN’ (Svec et al., 2012), 'STARfish’
(Birkeland, 2022) and the LBC (International Liv-
ing Future Institute, 2024). According to the
LBC's strategic plan, it wants to align its evalua-
fion with the nine PBs and DE until 2027 (Internc-
tional Living Future Institute, 2025), which the
framework proposed by this master thesis also
builds upon. Table 4.9 lists some exemplary KPIs
with which the impacts of regenerative devel-
opment and design could be assessed.
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Possible KPIs — Local Dimension
(Site, Neighbourhood, Town/City)

Possible KPIs - Global Dimension
(Region/Country, Ecosystem, Planet)

Ecological Impacts: Planet (based on the '9? Planetary Boundaries’ &

17 SDGs)

Climate:
Air & Atmosphere

Carbon Footprint of Building
[kg CO,-eq. / m? / year]

Urban Heat Island Reduction
[A°C]
Indoor / Outdoor Air Pollution
Mg / m?]
Air Quality Index (AQ)
[scale]

Biodiversity on Site
[species / m?]

Carbon Footprint of Supply Chain
[t COz-eq./ m7

Carbon Compensation
[t CO, compensated]

Transportation & Logistics
[CO,-eq. from related emissions]

Environmental Cost Indicator (ECI)
[€]

Carbon stored by Building
[t CO,]

Nature:
Land, Water & Biodiversity

Blue & Green Space Ratio
[(weighed) % of site areq]

Reduction of Land Disturbance
[m? of restored land on site]

Freshwater Consumption
[litres / m? / year]

Rainwater Reuse
[% of rainwater used in building]
Biodiversity Net-gain (BNG)
(%]

Off-site Restoration
[m? of restored ecosystems]

Forestation
[number of newly planted trees]

Water used in Material Production
[litre / m® material]

Land Conversion across Supply Chain
[m?]

Natural Capital
(€]

Resources:
Materials & Energy

Local Materials
[% of locally sourced materials]

Renewable Energy Usage
[% of total energy]

Nature-based Solutions
[% of integrated solutions in project]

Generated Resources On-site
[amount or weight]

Renewable Energy Production
[kWh / year]

Cradle-to-Cradle
[% of c2c certified materials]

Material Consumption
kg /m?]
Material Circularity Indicator (MCI)
[MCI of materials]

Bio-based Materials
[% of materials in project]

Resource MPG values
[€ / m2 GFA / year]

Social Impacts: People (based on the 12 Social Priorities’ & 17 SDGs)

Indoor Air Quality

Travel / Transport / Mobility

[IAQ Index] [quality of nearest public transport]
.. Comfort Walkability / Bike-ability
Connectivity [scale] [scale]
Tenant Satisfaction Urban Farming
[scale] [% of connected households]
Fair Value Creation Suppliers
[% of shared rental income] [% of suppliers with ethical practices]
Co-creation Process Affordable Housing
[% of involved stakeholders] [% of affordable housing units]
Community

Building Accessibility
[% of barrier-free access]

Public Functions
[% of multifunctional public spaces]

Income & Work Provision of Project
[€ or hours]

Knowledge Sharing about Project
[amount of published datq]

Table 4.9: KPIs for Regenerative Development & Design Principles — Examples (own work)
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4.4 Project Implementation of Regenerative Principles

This chapter explores the regenerative project life cycle from a project management (PM) perspec-
tive. Although most of the literature emphasizes the process-based and evolving characteristics of
RDD, sources about the concrete implementation of regenerative principles into the project phases
of real estate are scarce. Therefore, the results in this sub-chapter also rely on conversations with PMs
from Drees & Sommer, with a focus on the Dutch context. Figure 4.16 illustrates the relationship of the
regenerative principles with the three/four main project life cycle periods: pre-construction, (de)con-
struction and post-construction. While the four development principles should be implement in all
phases, each period corresponds to one development principle in particular: (1) the pre-construc-
tion period is especially characterized by co-creation, (2) construction is mainly a place-based ac-
tivity, (3) the post-construction period enables co-evolution of a building with nature, and (4) decon-
structable buildings need systemic considerations. Table 4.10 provides a summary of how regenero-
tive development principles can be implemented into the project periods of real estate projects.

Life Cycle Period 1 ‘

Life Cycle Period 2 & 4

‘ Life Cycle Period 3

Pre-Construction Phases ‘

pre-
construction
—p
FLOWS
IN

=
o5
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S a
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1o
o
[0)
Yo

(De)Construction Phase

ECOLOGICAL
IMPACTS

systemic
development

global
regenerative
design
principles

connectivity

SOCIAL
IMPACTS

community

local
regenerative
design
principles

place-based
development

resources

‘ Post-Construction Phases

post-
construction
—p
FLOWS
ouTt

co-evolving
development

Figure 4.16: Regenerative Framework: Principles, Impacts & Life Cycle (own lllustration)
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4.4.1 Regenerative Project Phases

This research only identified one scientific study
by Pavez et al. (2024) which has so far pro-
posed a ‘regenerative project delivery work-
flow’ with the following six phases: (1) place, (2)
vision, (3) design, (4), plan, (5) build and (6) co-
evolution. While many sources from the litera-
ture on the topic mention the process-based
nafure of the subject, it is rarely mentioned
which and how regenerative principles can be
implemented in the different phases of a build-
ing project. In 2024, British architects have also
published a document that applies regenera-
tive principles to the eight project phases de-
fined by the Royal Institute of British Architects
(UK Architects Declare, 2024).

Various frameworks for the phases of construc-
tion projects exist. Moreover, these vary per
country and context. Each have different fo-
cuses and therefore strengths and weaknesses.
Forinstance, the life cycle stages defined in the
EN 15978 do not include the planning and de-
sign phase, while the RIBA POW and the HOAI
divide the planning design stage into three and
five phases respectively. Contrary to the HOAI,
the RIBA PoW does also explicitly include a stra-
tegic definition, handover and use phase. Nev-
ertheless, unlike the EN 15978, both do not in-
clude an end of life phase. Although, this stage
is essential for a circular economy (Segara et
al., 2024). The project phase model in this thesis
combines the three frameworks into one. See-
ing the construction of a building as the central
regenerative act to create positive impacts
through the ‘flows’ going in and out of a build-
ing, it categorizes the project phases into four
main periods: pre-construction, (de)construc-
tion and post-construction. Since in a truly cir-
cular economy there is no ‘end of life’ (Cetin et
al., 2021), this phase is renamed to ‘end of use’
— called synonymously ‘deconstruction phase’
- because taking the option to deconstruct
also starts the fransition to the building’s next life
cycle. In the AEC sector, often 100% of services
are outsourced from the client. It is crucial that
these services are regenerative for thriving eco-
systems (Peretti & Druhmann, 2019).
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4.4.2 Pre-Construction Phases

The pre-construction period is characterized by
great uncertainty, due to the naturally innova-
five nature of the design process (Winch, 2012).
Regenerative projects place an even greater
emphasis on the pre-construction phases and
the co-creation of projects by all stakeholders.

4.42.1 Project Definition

A regenerative project starts by developing a
deep understanding of a site’'s connection to
place, living systems and integrative context —
its ‘story of place’ (Reed, 2007). Instead of a ex-
amining parts separately, the regenerative ap-
proach considers whole systems integrally.
Achieving a systemic, regenerative vision en-
tails creating a ‘circular infrastructure’, mean-
ing to create a system that enables resources
to remain in circulation and be reused (Pavez
et al., 2024). It is important to commit this fime
atf the start and to define a clear ambition by
thinking of an ecosystem in which human de-
velopment exists in symbiosis with the natural
habitat. This strategic exploration between pro-
ject tfeam and client/users is often where the
most value can be created. Therefore, it should
also be fairly compensated in monetary value
(UK Architects Declare, 2024).

The following task is to translate the vision into
design guidelines and KPIs for decisions in all
subsequent phases. Within the feam, key par-
ficipants, or facilitators, need to be responsible
to sustain and evolve the regenerative process
in the future (Cole, 2012; Reed, 2007). The right
project team can be chosen by including ex-
perts early, mapping already existing connec-
tions, collaborating with those who think differ-
ently and imagining who would use the project
in seven generations (UK Architects Declare,
2024). Thinking that far into the future might
seem extreme in the context of today’s real es-
tate industry, however, data shows that muilti-
storey buildings, built 100 years ago in Northern
Europe, have predicted lifespans of approxi-
mately 400 years (Andersen & Negendahl,
2023), while currently building LCAs standardize
lifetimes of just 50 — 75 years (Ramball, 2023).
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4.4.2.2 Plan & Design

This phase is the most comprehensively de-
scribed pahse in existing literature, as it is also
the most important one to achieve net-positive
outcomes in the post-construction phases. Na-
boni & Havinga (2019) describe architects in
the regenerative context as orchestrators of
designers, engineers and scientists. The regen-
erative design process translates the vision into
designs based on the regenerative principles
and differs from traditional approaches (Pavez
et al., 2024). The construction value chain is
characterized by many stakeholders with differ-
ent interests. For instance, short-term investors
are naturally not interested in optimizing long-
term value, because it can decrease their
profit. Similarly, confractors typically want to
cut down constfruction cost as much as possi-
ble, impacting design quality, while building us-
ers are rarely involved in the plan and design
phase. Therefore, already since recent dec-
ades, various forms of integrated project deliv-
ery models have been used in state-of-the art
projects (Naboni & Havinga, 2019). In building
projects, the design phase can typically be di-
vided into the following three stages, with plan-
ning (schedule, logistics, procurement, etc.) in-
corporated throughout all of them.

o Concept/Schematic Design Stage

This stage can challenge fraditional mindsets,
through local circular thinking and exploring
design solutions beyond the built environment
to further improve achievements of existing
state-of-the-art projects. The utilization of his-
toric and novel design tools and technologies
can help with exploring multiple options and
comparing their outcomes already at the earli-
est design stage (UK Architects Declare, 2024).
Aregenerative design process may also require
new participants in the design feam, like doc-
tors, scientists, sociologists, or ecologists, to
share knowledge and educate stakeholders in
the value chain (Naboni & Havinga, 2019).

o Definitive/Final Design Stage

The final design has to be approved by local
planning authorities and/or the municipality.
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Regenerative design typically goes way be-
yond legally required targets. However, this ex-
isting system can also pose significant barriers.
Therefore, it is important to bring local authori-
ties onboard already in the earlier stages to dis-
cuss alternative design approaches to push be-
yond minimum requirements (UK Architects De-
clare, 2024).

e Technical/Detail Design Stage

In this stage, uncertainty is typically already
greatly reduced (Winch, 2012). However, im-
plementing regenerative design principles that
are, for example, nature-based and circular
comes with additional challenges, since many
professionals in the AEC sector are not yet fa-
miliar enough with the technical aspects of
these concepts (Greco et al., 2024). Some
things to consider are: ensuring that drawings
include information to support future adapta-
tion and disassembly, designing details that op-
timize material usage, creating specifications
that address end-of-use considerations, and
collaborating with contractors early to support
their alignment with the project's regenerative
vision (UK Architects Declare, 2024).

e Planning

Designing regeneratively also has implications
for the project planning. As an example, regen-
erative procurement has to consider the supply
chain and its local as well as global impacts.
Moreover, early contractor involvement and
end-of-use scenarios also have to be thought
of (Peretti & Druhmann, 2019).

4.4.2.3 Production

The production phase is mostly related to the
off-site activities, producing the resources used
to build and operate a building. Inregenerative
projects, the selection of materials is also con-
siderate of their embodied climate and nature
impacts, as well as the social impacts of their
production. The project team has to infegrate
this supply chain and optimize the materials for
a circular economy. This means that regenera-
tively sourced bio-based materials should be
prioritized whenever possible (EMF, 2024).
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4.4.3 (De)construction Phase

The construction of a regenerative building
marks the fransition from a more co-creative to
a more co-evolving development process.

4.4.3.1 Construction

Some authors argue that a traditional Design-
Bid-Build (DBB) process does not suit projects
that demand many specialists. An infegrated
process with early contractor involvement is
considered to be more fitting for regenerative
projects. (Pavez et al.,, 2024; Peretti & Druh-
mann, 2019; Persson, 2023; Petfrovski et al., 2021)
This ‘partnering’ can enable a co-creative ap-
proach between the confracting parties and
support the evolving characteristics of regener-
ative construction (RC). This also involves hav-
ing knowledge about agile construction PM.
The PM team must ensure that the created
value from the design process does not vanish
in the construction phase (Persson, 2023). RC
practices include: prioritizing ethical manufac-
turers, considering aesthetic and cultural val-
ues, incorporating nafure-inspired elements,
support for construction workers, and selecting
construction materials that promote ecosystem
services and biodiversity (Oyefusi, Enegbuma,
Brown, & Olanrewaju, 2024). However, these
are poorly implemented in Europe. Recom-
mendations to include regeneration in the con-
struction phase are: increasing awareness and
knowledge, developing guidelines, manuals
and specific regulations, and providing effi-
cient economic incenfives (Peretti & Druh-
mann, 2019). Some concrete guidelines for
emission-free construction sites are: avoiding
long transportation and unnecessary energy
use, shiffing to alternate modes of tfransport
and electric machinery, improving logistics and
energy efficiency, as well as reducing, reusing
and recycling construction waste (NSC, 2024q).

4.4.3.2 Deconstruction (End of Use)

After their use phases, regenerative buildings
must allow for safe and easy deconstruction
(Pavez et al., 2024). This enables reuse and op-
tions for new value creatfion (Marchesi &
Tavares, 2025).
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4.4.4 Post-Construction Phases

The post-construction period is where the full re-
generative potential of buildings can be real-
ized through a co-evolving process of the built
and natfural environment.

4.4.4.1 Handover

There is a need to consider the longer-term im-
pacts of construction projects, which do not
end at their handover (Chan, 2023). At hando-
ver, regenerative designers become stewards
of their designed places and continue a long-
term engagement with their clients. Regenera-
tive designers have to prepare the owners and
users to monitor, adapt and evolve their regen-
erative asset, as well as provide easy to under-
stand user guides and as-bult information. Ad-
ditionally, the project and consfruction team
should meet the end users, for example
through a community event at completion (UK
Architects Declare, 2024).

4442 Use

The use phase is the start of a co-evolutionary
partnership of the building with nature, of which
humans are part. It is critical to create a culture
of co-evolution around the project to develop
a system that can continue to improve perfor-
mance over time (Pavez et al., 2024). A regen-
erative building should be reviewed by post-
occupancy evaluations (POE) after one, three,
etc. years fime. The lessons learned ought to be
shared with the project team and wider com-
munity. Since no structure will last forever, or
solve all problems, the design limitations should
be understood and the local community kept
engaged (UK Architects Declare, 2024). Con-
finuous measurement and monitoring can be
practically achieved by a ‘core team’ that
supports and facilitates iterative cycles of ac-
fion dialogue and reflection (Reed, 2007).

4.44.3 New Use (Renovation)

The new use of a regenerative building refers to
its adaptability for possible future needs. This
can be achieved by designing simple struc-
tures and layouts, generous room heights or
easily replaceable elements (Cole, 2020).
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Pre-Construction Phases

(De)Construction Phase

Post-Construction Phases

Place-based
Development

Take an ecological worldview

Deeply understand a place
and create a ‘story of place’

View the site boundary as
‘permeable’ to its context

Hold project meetings on-site
Design place-based solutions
Design for natural cycles

Avoid design decisions with-
out understanding the site

Integrate local knowledge

Construction

Work with local & ethical
suppliers

Make the construction site
emission-free

Avoid or minimize disrup-
fions to a place’s natural
flows during constfruction

Deconstruction
Reuse elements locally

Preserve cultural value

Become stewards of places
Increase local biodiversity

Confinuously improve the
building’s performance

Respond to place-specific
sifuations and cycles

Make a long-lasting place

Systemic
Development

Push the project boundaries
Think about a whole life cycle

Map the social-ecological
stakeholder system and flows

Identify intferdependencies
and leverage points (nodes)

Design with social-ecological
budgets

Apply living systems thinking
Create a circular ecosystem

Analyse ecosystem services

Construction
Integrate the supply chain

Use circular construction
techniques

Construct buildings as ‘mao-
terial banks’

Deconstruction
Implement the R-strategies

Reuse elements in the circu-
lar economy

Generate beneficial flows

Measure the created eco-
system services and flows

Attain a regenerative certifi-
cation (like the LBC)

Use regenerative govern-
ance systems

Develop options for end-of-
use scenarios

Meet societal needs within
planetary boundaries

Co-creative
Development

Commit time at the start
Define the project vision
Appoint the core feam
Describe measurable KPIs
Identify novel design tools
Develop with the community
Involve experts early

Hold design workshops

Use integrated contracts

Construction

Use agile construction pro-
ject management

Monitor contractor’s KPls

Inform the community
throughout the construction

Create as-built BIM models
Deconstruction

Collaborate with future site
users and stakeholders

Conduct post-occupancy
evaluations

Recognise design limitations
Implement user feedback

Establish co-management
practices of owners & users

Share the lessons-learned

Enable long-term co-creo-
tion

Co-evolving
Development

Explore the mutual benefits
between humans and nature

Develop a long-term holistic
value case

Design nature-based solutions

Integrate natural with human
systems for mutual benefits

Create a co-evolution culture

Consider the off-site impacts

Construction

Increase awareness and
knowledge about regener-
ative construction materials,
tools and technologies

Deconstruction
Create guides for future use
Share outcome information

Provide deconstruction
manuals

Readlize the potential of a
project’s systemic relatfion-
ship with its place

Educate the building users

Document how the regen-
erative vision is achieved

Adapt the building to
changing requirements

Make a maintenance plan

Become a good ancestor

Table 4.10: Implementation of Regenerative Principles info Real Estate Project Phases — Examples (own work)
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4.5 Case Study Evaluations

This subchapter answers the last part of the main research question by evaluating three case studies
through the perspective of the developed regenerative framework. Each case is focused on a dis-
tinct life cycle period and on a specific part of the theory-based framework. The aim is to show how
the framework could be used in practice. The following analyses are partly based on internal project
documents that are not publicly accessible and conversations with project stakeholders — particularly

the analysis of Case 1. Therefore, some sources cannot explicitly be cited in the text.

Case 1: Pre-Construction

Case 2: Construction

Case 3: Post-Construction

Berlijnplein, Utrecht

Focus on Development Principles

4.5.1 Case 1: Berlijnplein, Utrecht

The project is currently in its design phase. The
design feam formulated several challenges:

e Balancing the different types of visitors and
the ‘place-mates/makers’

Balancing a lot of built programme and a
large public outdoor space

Creating an architectural ensemble with di-
verse buildings and distinctive appearance
Balancing nature and culture

Creating relationships of inside and outside

Making it inviting and accessible

Realizing a future-proof flexible and adap-
tive culture cluster

Ensuring that circularity becomes an integral
part of design, realization & use phases

Figure 4.17: Berlijnplein Functions as a System
(Programme of Requirements, 2021, p. 29)

Natuurhuis, Heeze

Focus on Design Principles

Stadskantoor, Venlo

Focus on Impacts

The place where the project will be con-
structed is an empty plot in a new-built area
within the Utrecht municipality. ‘Form follows
ambifion’ through placemaking, based on the
9200m? programme of requirements. Figure
4.17 illustrates the functions of the project and
the systemic relationships between the differ-
ent clusters. The activities of the ‘pleingenoten’
- 'square mates’ — are conceptualized to form
a confinuously evolving ‘web’. The project brief
demands the contfracting parties to actively in-
volve all stakeholders in the creation of the de-
sign and ifs realisation. This is done through a
co-creation process that implements circular
principles. Figure 4.18 shows how the functions
are translated info four clustered volumes.

Figure 4.18: Berlijnplein Building Volumes
(Preliminary Design, 2023, p. 17)
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One of the key design ideas is the so-called
‘drager’ — ‘carrier’ — made out of ‘urban mining
concrete’ that structures the place and builds
the transition from inside to outside spaces and
from the square fo the surrounding area (see
Figure 4.18). According to the architects, it
functions as the project’s ‘backbone’ that is in-
tegrated into all eight buildings and reacts to
the context of the new developments. The out-
side space aims to connect culture with nature
and to create a place for humans and animals
through diverse nature-based solutions. The
project also implements circularity systemically
by ‘also looking at the surroundings’, instead of
‘only formulating circular ambitions for the
building’. This is conceptualized by extending
Brand’s 6S-model to a 9S-model with additional
square, scene and social layers (Figure 4.20).
The circular strategy is based on circular mate-
rial use (cradle-to-cradle) and circular design
for multiple life cycles. A ‘circular business case’
is developed by considering residual values
and adapted revenue models. Through the use
of life cycle cost and value analyses, it is evalu-
ated that this circular project would have an
MPG value of 0,40 €/m?/year and therefore a
60% lower environmental impact than a tradi-
tional building — making it a ‘green’ project, but
not a regenerative one in this aspect.

This circular strategy is also implemented in the
co-creation process, in which the municipality
is sharing responsibility with market parties and
users. Co-creation is seen to be ‘in the DNA of
the place' and is increasingly used in the mu-
nicipality of Utrecht because it could create so-
cietal value. The co-creative development is
organized around ‘theme-sessions’, about the
building volumes, floor plans, outdoor space or
materialization. Participants in these sessions in-
clude the: ‘pleingenoten’ (the future users),
municipality, general contfractor, architects,
consultfants and neighbours. The process in-
cludes a series of plenary sessions and focused
working groups. These sessions enable partici-
pants to contribute to both overarching design
principles and detailed spatial, functional, and
aesthetic choices. The goal is to create frue
ownership, ensuring that all stakeholders feel
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the resulting plan is genuinely theirs. Co-crea-
fion is embedded throughout the design
phases, from early concept to detailed devel-
opment and remains flexible to include new us-
ers as the project evolves. The project organi-
zationincludes a ‘co-creation manager’ for the
‘user consultations’. The design team is gov-
ermned by a development manager and a
building-team manager, both from the general
contractor. Overall PM is provided by two of
the third mentors of this thesis. A co-creation
session was also attended by the thesis author.

The principle of co-evolution is embedded in
the project through an adaptive, step-by-step
development process that evolves alongside its
users and context. The design is intentionally
flexible, allowing spaces to change function
over time through modular construction and
demountable systems. Project documents are
tfreated as ‘living documents’, open to revision
as new stakeholders join or new insights
emerge. The project remains open to new part-
nerships, ideas and functions throughout the
design and construction phases. This dynamic
approach extends into the life cycle of the
buildings themselves, with circular actions like
material passports and reusable components.
The projectis designed not as a fixed end prod-
uct, but as a place that can grow, adapt and
evolve with its community. The carrier allows for
the construction of small temporary buildings,
called ‘pop-ups’. Figure 4.19 symbolically
shows the evolving character of different pro-
ject layers, where the carrier has the slowest
change cycle and longest life cycle.

s JAVAYAVAVAVA

Figure 4.19: Cycles (Preliminary Design, 2023, p. 66)
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Place-based
Development

Placemaking in which ‘form follows ambition’

Providing and preserving the place’s identity throughout future changes with the ‘drager’
Responding fto the identity and demands of the ‘pleingenoten’

Exploring how culture shapes this place with the overarching theme ‘future of the city’

“Circular (or regenerative) architecture gives a new, fresh and high-quality appearance”

Systemic
Development

Implementing circularity as an essential strategy throughout the whole project
Extending the classic S-Layers model with: scene, square & social (Figure 4.20)
Expanding circularity beyond the building ifself o include the surrounding environment
Connecting different parts of the city, instead of being an isolated project

Aligning ecological, social and economical cycles in the development

Developing a circular business case that takes info account the whole life cycle

Co-creadtive
Development

‘Making the place’ through co-creation which goes beyond how it is usually done
Emerging vision, programme and design from a collaboration among all stakeholders
Continuing co-creation during construction and operation by fostering a creative culture
Structuring involvement through the CSB model (co-creation, S-layers, betrokkenheid)
Committing to long-term success through shared ownership of the stakeholders

Procuring through an integrated two-phase-contract (design & realisation/maintenance)

Co-evolving
Development

Leaving room for evolution throughout the project phases by ‘living’ project documents
Developing modular, demountable, adaptable, ‘culture- and nature-inclusive’ buildings
Enabling the culture cluster to fransform itself through time

Anticipating future urban, cultural and demographic shifts

Developing a ‘circular multiple-year maintenance plan’

Enabling femporary buildings and functions to pop-up

Table 4.11: Regenerative Development Principles used in the Berlijnplein Project (own work)
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Figure 4.20: Berlijnplein 9S-Model (adapted from Gemeente Utrecht (2021, p. 41))
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4.5.2 Case 2: Natuurhuis, Heeze

The Natuurhuis is storing more carbon than it
emits throughout its whole construction process
to stay within planetary boundaries. The busi-
ness case of this is that a monetary value is at-
tached to the COz2 storage of the materials by
obtaining certificates for carbon storage. These
certificates can be bought by companies that
want to offset their unavoidable emissions (Cli-
mate Cleanup Foundation, 2023). The sustaina-
ble building approaches increase the project’s
construction cost by around 7%, resulting in ex-
penditures of roughly 200.000€ per house. The
eight houses are sold for approximately 10%
above the market value (personal conversa-
tion with project stakeholder, 2025). At the time
of writing, the houses are on sale for prices be-
tween 505.000€ and 550.000€ (Natuurrijk, 2025).

From the perspective of global regenerative
design principles, the project partially provides
ecosystem services through its green roofs and
facades that buffer rainwater and reduce heat
stress. Circularity is addressed — the project is
marketed as ‘100% circular’ by its developer
(Natuurhuis, 2025) — however, it is unclear to
what extent the actions described in Table 4.2
are used. In terms of material flows, the 95% bio-
based materials capture 90 tons of CO2 (Ballast
Nedam Development, 2025). Net-positive en-
ergy flows are provided by the generation of
10% extra energy, which can be shared. Infor-
mation flows are generated, since the project
is also seen as a knowledge project, aiming to
be scaled up (Muis, 2022).

Figure 4.21: Natuurhuis Construction Materials
(architecten en | en, 2023)
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From the perspective of local regenerative de-
sign principles, it incorporates healthy building
approaches. The interior is free from toxic ma-
terials, with straw and clay supporting passive
humidity regulation and indoor air quality (Bal-
last Nedam Development, 2024). The prefalbri-
cated straw-wood-panels allow to build with
this solution on a bigger scale. Technical venti-
lation and energy systems (heat pumps, solar
PV panels) are used, but minimized (archi-
tecten en | en, 2023). The Natuurhuis strongly fo-
cuses on bio-utilisation with its use of wood,
straw, clay, flax, hemp, woodwool and pepper
stalks (Natuurhuis, 2025). Figure 4.21 illustrates
how the Natuurhuis was designed with these el-
ements. Lastly, the project also incorporates
some green-blue spaces, mainly in the gar-
dens. Although, these are mostly parcel-based,
with limited integration on a broader commu-
nity scale. Table 4.12 summarizes exemplary ac-
tions that are used in the project.

From an architectural design point of view, the
floor plans (Figure 4.22) are characterized by a
very commonly used layout for terraced
houses. In that sense, it is a standard solution,
constructed with bio-based materials. It can be
argued that, while the house’s layout is func-
tional, special spatial qualities are missing. To
align better with being bio-inspired, the design
would also have to incorporate and mimic
forms that are more related to nature. It is de-
batable if this kind of architecture can be
achieved with standardized pre-fabricated el-
ements, however, the building’s space plan
layer could be designed more ‘creatively’. Fur-
thermore, when comparing the floor plans with
principles for a healthy indoor environment (Fig-
ure 4.12), some of these aspects are also not
addressed by the project. Nevertheless, while
not being able to be considered fully regener-
afive, the Natuurhuis partly goes beyond
‘green’ building and provides a blueprint for a
scalable and financially feasible solution -
which was one of the key project goals. There-
fore, this project is moving the Dutch built envi-
ronmental closer to tfrue sustainability. Moreo-
ver, it shows that even a ‘normal’ terraced
house can be regenerative in its material use.
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Global Regenerative Design Principles

Provisioning Services: Providing renewable energy and storing rainwater
Ecosystem Regulation Services: Providing temperature regulation through passive design strategies
Services Supporting Services: Limited to indirectly supporting nutrient cycling by bio-based material

Cultural Services: Emphasizing the value of nature in the built environment

Build Nothing: No existing building is reused, the project is a new greenfield construction

Build for Long-term Use: Can be disassembled & interior walls are adaptable

Circularity i . . o
Build Efficiently: Uses prefabricated modular building elements
Build with the Right Materials: Timber with straw insulation and other bio-based materials
Resource Flows: 95% natural materials that capture 90t of CO2

Net-positive Energy Flows: Own energy generation (solar & heat pump) with 10% exira energy

Flows

Information Flows: It is also a knowledge project to build scalable climate positive houses

Nature Flows: ‘Designed for humans, animals and planet’, reuses rainwater

Local Regenerative Design Principles

Healthy Interior Environment: Focuses on healthy materials, but architecture is ‘standard’
Healthy Healthy Interior Performance: Not explicitly mentioned, needs to be validated in-use

Healthy Exterior (Access to Nature): Access to (individual) nature-inclusive gardens

Biomimicry: Described as ‘a building system as nature intended it’, however, the designed
form of the building and its spatial qualities are standard and do not mimic nature
Bio-inspired Biophilia: Human-nature connections through vegetation-based spaces and surfaces

Bio-morphism & utilisation: High utilization of bio-based materials

Building/Neighbourhood Scale: green roof & fagcade, nature-inclusive gardens
Blue-green Town/City Scale: Contributes to greening the municipality

Regional Scale: Connection fo sustainable mobility (cycling, public transport)

Table 4.12: Regenerative Design Principles used in the Natuurhuis Project (own work)

Figure 4.22: Natuurhuis Floor Plans (Natuurhuis, 2025)

80



PS5 Report

Results

4.5.3 Case 3: Stadskantoor, Venlo

The new Venlo City Hall embodies the munici-
pality's ambition to organise the city and region
according to the C2C principles for a circular
economy. The building is not only designed to
be sustainable (‘'less bad’), but also makes a
positive confribution to ecology, society and
economy. These principles are illustrated in Fig-
ure 4.27. The 13.500m? building is in use since
August 2016 and 70% of the municipality's work-
ers were relocated fo here. The project is seen
as unigque because it combines many solutions
of circular, healthy and energy-saving buildings
in a systemic way (Kawneer, 2019). The building
is designed with a focus on three themes:
planet, people and profit (Figure 4.27), and on
the key question: “How can a building make a
person healthye” (Kawneer, 2019). The baseline
measure against which this is evaluated is the
city’s previous city hall (EMF, 2019).

The building’s climate impacts are most promi-
nently visible from the outside by its living north
facade — comprising over 100 species (EMF,
2019) — which with 2000m? is the biggest in the
world (Kawneer, 2023) and changes colours
over the seasons (Gemeente Venlo, 2016). This
facade also removes 30% of sulphur and nifro-
gen oxides from the outdoor air. Moreover, the
building’s indoor air is blown to the outside,
along the green fagade, cleaning the air
(Kawneer, 2023). Research has stated that the
air is measurably cleaner in a radius of 500m
around the building and that the urban heat is-
land effect is reduced by 1,5°C (EPEA, 2024).

Figure 4.23: SK Diagram 1 (Kraaijvanger, 2016)

The parking garage, with courtyard and inte-
grated greenery (Figure 4.23) is systemically
combined with the building’s air flow. Purified
and humidified air from a greenhouse on the
top floors is channelled downwards to the gar-
age to pre-warm/cool it in the winter/summer
and released into the building (Gemeente
Venlo, 2018). In the interior a big atrium with
large windows cuts through the whole building
and provides natural airflow that is enhanced
through a solar chimney on the roof (Figure
4.26), which captures heat from the sun and
creates flows that passively heat and cool the
building. Moreover, heat exchangers and air
wells regulate temperatures according to the
seasons (EMF, 2019).

Positive impacts on land, water and biodiversity
are achieved through the project’s many con-
nections to natural systems. Rainwater is cap-
tured from the roofs to be cleaned by a so-
called helophyte filter, consisting of special
plants in the patio, and then used inside of the
building (EMF, 2019). The patio (Figure 4.28) not
only cleans water, but also reduces heat stress
and provides a biodiversity gain (Figure 4.27).
The surrounding volume of the Stadskantoor
(Figure 4.22) also systemically integrates blue-
green spaces on the roofs, through vegetation
in the interior and in the greenhouse on the
roof, contributing to local biodiversity (Elnagar
et al., 2024). These various green spaces pro-
vide habitats for insects and birds (EMF, 2019;
EPEA, 2024). The land on which the building is
constructed also provides energy storage in the
ground, utilized by heat-pumps (EPEA, 2024).

Figure 4.24: SK Diagram 2 (Kraaijvanger, 2016)
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Resource impacts are heavily emphasized by
the C2C philosophy of the project, which re-
gards buildings as material banks (EPEA, 2021).
Consequently, the city hall’'s green north fa-
cade is designed for the biological cycle and
its south facade, made out of aluminium, is de-
signed for the technological cycle (Figure 4.27).
The south, east and west facades are cladded
with 90% recycled aluminium elements that are
demountable and reusable (Kawneer, 2019).
This is seen as sustainable, also because 75% of
all aluminium ever produced is sfill in the cycle
and compared to the production of new alu-
minium, only 5% of the energy is needed to re-
cycle it, (Kawneer, 2019). Additionally, alumin-
ium panels with 1200m? of integrated PV ele-
ments above the windows, provide shading
and generate energy (Gemeente Venlo, 2018).
This passive shading solution hinders intense
summer-sun to heat up the building, while sfill
allowing enough light from the lower winter-sun
to enter (Figure 4.25). Since C2C concrete did
not exist at the time of construction, its impact
was minimized by using nearby produced con-
crete made out of recycled materials and
toxic-free substances (Aftia, 2018). Generally,
many of the used materials and furniture are
C2C certified and demountable (EMF, 2019).
50-60% of energy demand is covered by PV-
panels on ifs skin (Figure 4.25) and geothermal
solutions (C2C Expolab, 2014).

Socialimpacts on connectivity and community
are especially emphasized by the project, by
creating a pleasant and healthy place (EIno-
gar et al., 2024).

Connectivity-related impacts are addressed in
multiple ways. The central afrium with spiralling
stairs encourages movement and creates vis-
ual connections between departments and its
large windows with the city itself (Figure 4.26 &
4.29). Moreover, the project is connected to
monitoring systems, allowing continuous im-
provement and provides education about
C2C building practices (C2C Expolab, 2014).
The building has also proved to positively im-
pact its community through significant im-
provement in perceived environmental condi-
tions, and in the well-being of the users, meas-
ured by a decline of sick building syndrome
symptoms. The achieved improvements lead to
significantly better job satisfaction and a 2% re-
duction of sick leave (Palacios et al., 2020). Dur-
ing the pandemic, the building could also stay
in operation through its high adaptability (BNA
& Rebel, 2023). Moreover, it provides many op-
portunities to socialize (Elnagar et al., 2024).

The positive impacts of the healthy building are
quantified in a financial model (Weijers, 2020).
It is argued that the costs of the construction,
which have to be spent just once, are practi-
cally the same as the combined yearly salaries
of the municipality’s employees, which have to
be spent yearly. Therefore, the healthier and
better performing users (Palacios et al., 2020),
as well as the building's resilience and circular-
ity (BNA & Rebel, 2023) provide a business case.
The economic benefits, alongside the build-
ing’'s impacts are summarized in Table 4.13.
Nevertheless, was not yet possible to realize a
100% C2C building (C2C ExpolLab, 2014).

Figure 4.25: SK Diagram 3 (Kraaijvanger, 2016)
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Figure 4.26: SK Diagram 4 (Kraaijvanger, 2016)
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STADSKANTOOR VENLO m

meer dan alleen duurzaam

Het nieuwe stadskantoor belichaamt de ambitie van
de gemeente Venlo om stad en regio volgens Cradle
to Cradle (C2C) principes te laten functioneren. Het
gebouw is niet slechts duurzaam (‘minder slecht),
maar levert juist een positieve bijdrage aan mens,
milieu en economie.

De focus van het ontwerp van het gebouw ligt op de
volgende thema's (people, planet, profit).

PEOPLE | PLANET

0000000

MENS  MATERIALDN OWVERSITE  WATIR  ENIRGE  LUCNT GO

BOUWEN OP BASIS VAN CRADLE TO CRADLE

NOORDGEVEL OGVEL
BOLOGHOHE ~ TEGNILOE
KRNGLOOP

De gebruicte materislen belanden et
¢ op de wulinishoop maar krjgen na hun
levensduus een rieuw leven. Hierdoor
ontstast een continue kiingloop van

grondstoffen. Om dt voor elkasr te

aijgenis bina slles demontabel tot asn
de stoelen toe.

ENERGIE

DENONTABEL NIEWV LEVEN

AFVALIS

GEBRUIK SCHONE  aw
ENERGIE
=S

R - R

o

i De zon o s
gescheiden. o woar mogel hetlicht en de 2oveel mogelfk de stad. Door natuurlik Tucht d
benut. Ook grondwater draagt bj san schone energie. Energieverliezen het gebouw, De gezond
VATER VAN VASTAFELS :llﬂhl :'l‘l(l :;l' o i Op deze rgi
B PNTRY'S R L ™
WELOPTDNUER  TOLETVOELNG kosten loeg zjn.
ZOMNESRORTEEN  gune 2 TONESCOORSTERN j
Ty T et
e s ONTWORRN VENTLITE g
' EINELEY L
VO0R SCHONE
— ENERGE VENTILATE
RO GEVEL

* ONERGRONDSE
- TERSERGNG
HELOPYTENFLIER

)
2UVERT ATER

1SOLEERT TEGEN
WTTESTRES EN
houie

i VasR
VIATE EN
KOELIG 3008

ROMVITER . PRREERGARAGE

VERUARNT
oF WU

PARKEERGARMGE
VERVARKT
oF WOELT

RAMEN DAKTUIN ZONNEPANELEN ZONNESCHOORSTEEN KAS VIDES

0000 00 00006 000006 0000006 00006

5 3§ Lot “Ouzoms Deta - De vide:

van bunstiicht beperid s natuurlioe woedt door de 2on (minder mechanesche ventilatie nodigl
Toetreding van dagicht en veel natuurkke geintergreerd zn in de gevel wek onstaat De kas. ke
Ichtiva! wordt als pretti evaren. kenisvole doorBchten en zxchtassen.
- De te cpenen ramen dragen bijaan cen

pretuge werkomgeving en drelaags- .-N\; an t?

glasisolabe vernindert energlevertiuk.

oy Dmun
T BUITEN

VNTERZON
o VELkDN

e

WKO PARKEERGARAGE
©00 (+]~]

¢

“DeWKO 0.
functes n het gebled enetsen
RELATEF kowd RELATIER vaRn
aTER GRONDVATER
GERUKT N 06 GEAUKT N 0
R WwIER b
L *

r
Het helohytentlter feen soot
tietvekd) utvert het hemelwater
n water van wastafels en GAAT WITTESTRESS
pantrys, gaat iteswess tegen  TEGEN N D .~
in de patio en zorgtvoor een £+ PATIO S
groers omgeng en toename
van biodhersteit. ’
VES VATER
RET AOHTIE VAN VISIATELS
PLNTEN £ BN INIRYS
ARG
Ll
-~ 5
GEZUIVERD VATER ZUVERENE
ALS GRS VATER VORTELLMG
VOOR TOILETSPOE-

LING OF NAIR WAAS
(OVERLOOP)

EL DIVERSITEIT

GROENE GEVEL
0000000

« e roene gevel en de bomen zuveren de lucht

van de weg en spocrl naast het gebouw.

«Meer dan 100 soorten flra en fauoa.

« Utzicht op watecroen draagt bi a0n het welzin
hnemers.

van el

« Gaat hitesbies tegen en s codesdeel van

de sclatielazg.

DTG VN T ViN

MDOLOINDE NAMR TWNSTOF

f < Uk
N

STIKSTOFOXIBEN

-

HART VAN HET GEBOUW

o

D bestuurlasg en het estaurant besinden 2kh
bt hatt van het gebouw (ds plaza) vocr het
09 gang brengen van beweging

ERK
nan
VeRK xTERN

PAREREN

COMMUNICATIETRAPPEN

GROENE ELEMENTEN

0000000

D groene gevel zuvert de kocht De daktuinen en
de ks 20rgen voor een pretige werkomgeving
De groene bienwand n de gemeenschappelk
uites bevorder het gezond binnenklimaat
chtvochtiherd, zusstol akoesbek).

KRINGLOPEN
00000C0

De techische fzusdJgevel s von aluminien en

it groenbepianting. De bakken vaar de planten
Inziten jn speciaal voor de groene gevel
ontworpen en C2C gecertificeerd De binnen-
‘gevel doa achter is von hout en dus milies-
riendelik en herbrukbaar

Het beton bestaat oor een deel ut gebroken
0 gebruik beton waarasn een C2C-gecerté-
ceerde chemische substantie is toegevoend, als
ikl posssef aternatiel

AFVAL
(=14}
= Gy o= %EG

AN RS BRI @1 osem
i

INTERIEUR
(=1

Het C2C principe s 00k op het interieur toegepast
Heeronder stam enbele voorbeekden.

Burcsustoel
Comfortabel en gezond 2ten, vokedi
recyckeban (C2C geceniceerd).

g o ?@i

Vioerbedekking

De vioerbedesbing is gemaskt van PET flesen
hergebruk materwen, vollech recyclebasn
Maatwerk meubilsir

Veelvuklige toepassing van rubberwood
[recuperatie van de boom na een leven als
latedonor. Bomen worden beraangeplent)

Werkbladen
Gemaakt van nibbenwood (C2C gecedifceerd).

Figure 4.27: Stadskantoor Venlo — Cradle-to-cradle lllustration (act-impact, n.d.)
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Impact Green Sustainable Restorative/Regenerative
Categories (less bad impacts) (neutral impacts) (net-positive impacts)
30% less NOx & SOx emission | Thermal flows without tech- | Higher quality indoor air
Planet: 169t avoided COzannually nical ventilation .(green— than outdoor air (health)
: house & solar chimney) - o
Climate Parking garage pre-warms . . Purified air within 500m
& pre-cools the air Passive shading by facade- | 5o 0 ot isiand effect
P integrated solar panels ’ >
Noise insulation by facade Rainwater capture & use Increased biodiversity by
Planet: Reduced nature impact of Helophyte filter for water green facade & roofs
Nature resource production World's largest green wall >100 flora & fauna species
Integrated nature in under- N ; duction Interior green wall adds
ground parking garage © waste productio moisture to the air
North - biological cycle 80% demountable building 30% C2C certified materials
South — technical cycle & circular furniture . .
Building as material bank
Planet: 50-60% of own energy gggrn; EZE}g’ry %?:esr)ohon Use of material passports
Resources No gas use, less installation pump s d &
R led te & Combination with nearby 68\/6::!00 . Tvk\]/orm en%rgy
ecycled concrete & re- windmill - energy-neutral m deep in the groun
planted wood
Encourages movement Monitoring & POE
People: Natural lighting & ventilation | Increased job satisfaction
Connectivity Visual connection of users, Represents more than a
departments & city place of work
Encourages social interac- 42% reduced sick building
tions of users and nature syndrome symptoms
People:
Community Public functions in plinth 2% reduced sick leave
Enhanced user comfort 72 dwellings on the plot
Total investment of 53M € (3,4M € in C2C elements) — 17M € cost savings in total cost of
Profit: ownership in 40 years of use | Annual cost saving between 400.000€ - 900.000€ | 10% of
Economic investment goes back to the city through circular materials | 12,5% return on investment |
Benefits (BC) Saving on water & energy costs | Increased productivity through enhanced user wellbe-

Figure 4.28: SK Patio (Ronald Tilleman, 2016)

ing | High adaptability | Good for the city’s image & increased economic activity

Table 4.13: Impact Evaluation of the Stadskantoor Project (own work)

Figure 4.29: SK Atrium (Ronald Tilleman, 2016)
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5 Discussion

This chapter summarizes the research and discusses its findings. The answers to the four sub-questions
are interpretated and their implications formulated into concrete recommendations for the BE.

5.1 Contributions

The built environment is slowly progressing to-
wards a regenerative approach. This research
can be used by anyone who wants to study its
principles or apply its practices. Its results con-
tribute to the creation of regenerative real es-
tate projects in many ways. Firstly, the six clear
definitions, based on a wealth of existing litera-
ture, solve the tremendous confusion about the
true meaning and nuances of the key regener-
atfive concepts. Secondly, the summary of var-
ious regenerative principles and their subse-
quent categorization into four development as
well as six local/global design principles brings
many existing frameworks together in a coher-
entway. Hereby, development can be thought
of as the supporting, ‘managerial’ or process-
related activities and design as the more pri-
mary ‘technical’ or form-giving activities of cre-
ating a regenerative built environment. This
classification into ten clear principles allows for
the alignment of all researched principles with
one of those categories. As a result, these ten
main principles, together with their sub-princi-
ples, provide a ‘toolbox’ that can be applied in
practice. Thirdly, existing frameworks frequently
not only mix development and design princi-
ples, they also often overlap them with their
outcomes by considering impacts as principles.
Therefore, the framework of this thesis differen-
tiates them from each other and draws from
existing work to develop five main impact cat-
egories for the planetary and human dimen-
sions of the social-ecological system. Moreover,
it contributes to narrowing the knowledge gap
of how the net-positive impacts of using regen-
erative principles could be assessed with KPls.
Fourthly, the framework infroduces a novel ele-
ment that all existing illustrations lack, by includ-
ing the whole building life cycle project implan-
tation into it and providing a guide for real es-
tate projects.
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Finally, the developed framework is used to
evaluate three ‘state-of-the-art’ real estate
projects in different parts of the Netherlands.
These cases are specifically selected not to
compare them with each other, but to show
how development principles, design principles,
and theirimpacts can be evaluated in different
life cycle periods of projects. Consequently, the
framework can be used as an inspiration, guid-
ance and evaluation tool for further research,
as well as for the creation of real estate projects
in a regenerative built environment.

5.2 Interpretations

A question that frequently appears in conver-
sations about the topic is if regeneration is just
anew ‘buzzword’ for sustainability and circular-
ity. Although it might sometimes be used in that
sense, the results of this research show that it is
its own distinct concept. While sustainability fo-
cuses on balancing the friple-bottom-line and
circularity mainly on material productivity, re-
generation’s main goal is to positively evolve
the whole social-ecological system. For the cre-
afion of the built environment this means that
project feams need to look beyond the bound-
aries of the construction site and consider the
whole life cycle of projects. The created defini-
fions can be interpretated as universal descrip-
tions for researchers and practitioners alike.

The research on regenerative principles re-
vealed many overlaps between them. Group-
ing the design principles intfo three local and
global principles each allows to visualize their
connections to place-based and systemic de-
velopment. In recent years, regeneration has
regularly been integrated into frameworks for
the circular economy. Discussions emerged
whether circularity is a principle of regenerative
design or vice versa. It is interesting to highlight
that the current understanding of the circular
economy and its butterfly diagram (EMF, 2021)
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is inspired by the cradle-to-cradle philosophy of
technological and biological cycles
(McDonough & Braungart, 2002), which is
based on the description of Lyle (1994) of re-
generative design. Regeneratfion can be inter-
preted to go beyond circularity by also provid-
ing ecosystem services and creating net-posi-
tive flows. While circularity can (obviously) be
conceptualized as a closed circle, regenera-
tion would look more like an open spiral, or he-
lix, continuously evolving fowards higher value.

In the Dutch context, the bio-inspired local de-
sign principle, specifically the use of wooden
constructions, is particularly interesting to dis-
cuss. Historically, fimber use in Europe has de-
creased since the industrial revolution. While in
1700 over 90% of buildings had wooden ele-
ments, this reduced to less than 30% nowadays.
Since fewer than 10% of the Netherlands con-
sists of forest, while 38% of Europe does, it is less
frequently used in the Dutch construction sec-
tor. Moreover, many myths hinder scaling up
the use of bio-based materials like wood in the
Netherlands (AMS Institute, 2021). It is also re-
markable that fimber buildings in the Nether-
lands are often considered as innovative, while
throughout history and in other counfries
wooden consfruction is a standard solution. In-
creasing the country’s use of bio-based mate-
rials, especially timber, has the potential to sim-
ulfaneously solve its housing and climate crises
(AMS Institute, 2024). This is found to decrease
the embodied GHG emissions of Dutch build-
ings by 60% (Migoni Alejandre et al., 2024).

This leads o another field of tension for regen-
eratfion: combining new innovations with histor-
ical or ‘indigenous’ knowledge on local con-
struction techniques. The infroduction of mod-
ern HVAC or MEP systems into buildings and ar-
chitectural movements like internatfional style
or postmodernism confributed fo the mechao-
nistic thinking within AEC, which the regenera-
tive worldview crificises. As a consequence,
many simple and smart design solutions are for-
gotten or not considered. In this sense, regen-
erative buildings are informed by a place’s past
to systemically create a beneficial future.
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Additionally, many existing frameworks mix de-
sign principles with development principles. For
example, some see ‘systems thinking’ as a de-
sign principle, although based on the defini-
fions from the literature review, they clearly
have to be labelled as development principles.

When explaining the topic of net-positive build-
ings to people who have never heard of it be-
fore, their first reaction is often something like:
"Oh, so buildings that produce more energy
than they need?2"” This is of course one possible
aspect on which regenerative buildings can be
assessed, but by far not the only one. Thus, from
the current predominant anthropocentric
worldview, the first thought of most people is re-
lated to resource impacts, however, regenera-
tive buildings also need to be assessed based
on theirimpacts on climate, nature, connectiv-
ity and community. While not all of these as-
pects are quantifiable, the exemplary KPIs in
Chapter 4.3 can be an inspiration to develop
project-specific life cycle assessments, based
on these five impact categories. In some exist-
ing frameworks for regenerative development
and/or design principles, these impacts are
sometimes listed as principles. Based on the
definitions in Chapter 4.1, this does not make
sense, since regenerative principles are a sys-
tem of strategies, actions and tools, while net-
positive impacts are the evaluated outcomes
of the value flows created by these activities.
Forinstance, Arup's regenerative design frame-
work sees ‘planetary health’ and ‘just social
foundations’ as design principles, although
they represent the impacts of design decisions.

Generally, there are many ways to asses the
built environment’s impacts — the abundance
of rating systems shows that. However, practi-
cally all ecological and social impacts can be
related back to the five main categories of cli-
mate, nature, connectivity and
community. Economical impacts are implicitly
included here, since the actions that impact
these five categories are usually only taken if
they make sense to decision-makers in the un-
derlying economic and political system.

resources,



PS5 Report

Discussion

Net-positive impacts can be achieved through
the implementation of regenerative principles
into real estate projects. Depending on the de-
sign principle, different key project phases
have to considered. The development princi-
ples support all project phases. The visual imple-
mentation of the real estate project phases into
the framework helps fo consider the whole life
cycle when implementing the ten regenerative
principles. The lack of research on the topic of
regenerative project delivery is surprising, since
regenerative development is emphasizing on
long-term co-evolution. The results of this thesis
can be a starting point for further exploration
intfo this subject. From a project management
perspective, the implementation of the co-cre-
atfion and co-evolution principles have similari-
ties to lean construction (LC) methodologies.
Major examples for LC tools are Kanban or Kai-
zen, with similar objectives such as waste re-
duction, flow enhancement, continuous im-
provement and value generation (Aslam et al.,
2022).

Existing literature on a regenerative built envi-
ronment mostly focuses on the pre-construction
phases. While some sources on the construction
phase exist, the deconstruction phase is almost
not addressed at all. The post-construction
phases are referred to mostly in relation to the
co-evolution principle. A common concern of
infegrating nature into building projects is the
maintenance of these elements in the use-
phase. For example, green facades need to be
somehow connected to water supply and, de-
pending on the vegetation, regularly frimmed
back. It can be debated if true living buildings
can be designed in a way that extensive
maintenance work is not necessary. The living
facade of the Venlo City Hall shows this is possi-
ble. However, in different climate zones, such
natfure-based solutions might not be feasible
due to a lack of sufficient natural water supply.
Thus, which regenerative actions can be imple-
mented into a project depends on the local
context and culture - leading back o the inter-
connected place-based principle.
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The final framework results from the answers to
the four sub-questions. It proved to be quite
challenging to visualize the combination and
interrelation of inflows and outflows, develop-
ment and design principles, ecological and so-
cial impacts, building layers and systems be-
yond it, as well as life cycle periods and project
phases. The result aims to be the most holistic
framework for a regenerative built environment
yet. Its benefit is that it unites thirty years of
knowledge into one source. Prior to the analysis
of the case studies through the lens of this
framework, the framework was ‘tested’ on pro-
fessionals during the graduation internship. The
feedback often was that it is clearly under-
standable and provides food for thought to
create a better built environment.

The case study analysis shows that the selected
cases have certain regenerative characteris-
tics. The Berlijnplein project places high empha-
sis on co-creative development, but also shows
features of the other three regenerative devel-
opment principles. Although, its overall building
approach is mainly focused on circularity and
not fully regenerative yet. The Natuurhuis pro-
ject also highlights the global circular design
principle, as well as the bio-based aspect of the
bio-inspired local design principle. All in all, the
design of the Natuurhuis is a commendable
project but, based on the framework, cannot
be considered as fully regenerafive. The
Stadskantoor project could still be considered
as a ‘state-of the-art’ project, even almost a
decade after its handover. Multiple impacts of
it can be considered as net-posifive or regen-
erative. It does also acknowledges that 100%
cradle-to-cradle buildings — and therefore re-
generative buildings — might not be possible
yet. Nevertheless, in certain aspects it does de-
liver on its slogan: ‘more than just sustainable’.
This project also shows that the enabling envi-
ronment is an important factor for regenerative
projects. In this case, the municipality — which
naturally has to think long-term — is both client
and owner, as well as the approving authority,
contributing to making the realization of such
an innovative project possible.
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5.3 Implications

The societal relevance of these results is highly
significant in the year 2025. Realistically, the
1,5°C goal of the Paris Agreement — which is not
just a political target, but a physical limit (Re-
duction Roadmap, 2024) - may not be
achieved anymore (UNEP, 2025; van Vuuren et
al., 2025). An increase of 2 - 3°C could sfill be
possible if the AEC & RE sector moves beyond
its goal of being net-zero quickly enough. How-
ever, a significant 10% probability exists that the
earth might even warm up 6°C or higher by
2100 under the current emissions profile (Be-
nayad et al., 2025, p. 35). Despite this, regener-
ative development and design should not only
be understood as an approach to save the cli-
mate and nature (including humans). In a
world with increasing geopolitical tensions, a
regenerative future also allows for strategic in-
dependence of volatile global supply chains,
especially from a European perspective. Coun-
tries like the Netherlands could gain a first-
mover advantage by learning about regener-
ative construction in practice and, like the Nor-
dic counfries (NSC, 2024d), aim to become a
frontrunner in future-proof construction. Since
the sustainability field is changing quickly, what
is considered sustainable today might not be in
a few years. Therefore it is important to antici-
pate long-term scenarios.

In the short-term, the context of a capitalistic
society, mostly driven by short-term profits,
might make a regenerative built environment
seem too opfimistic. However, it can serve as a
vision for the future, because solving the current
polycrisis requires an effort to move beyond
‘being less bad’ towards regenerative sustain-
ability. This demands interdisciplinary collabo-
rafion across the built environment value chain.
The conservative construction sector already
struggles to evolve towards greater productiv-
ity. Thus, making the sector take on a regener-
ative mindset might not be realistic in the short-
term. In  the long-term however, more
knowledge creation on this topic could inspire
many to move from degenerative sustainability
to regenerative sustainability.
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While a vast amount of academic literature on
the sustainability transition can be criticised as
redundant and only existing to engage with the
latest buzzwords, like circularity (Kirchherr,
2023), more beneficial publications that answer
actual knowledge gaps on regeneration could
accelerate its practical implementation. Fur-
thermore, although circularity is a key principle
of regenerative design, another argument to
go beyond the circular building approach is
that the first principle of circular buildings is to
‘build nothing’, while the regenerative ap-
proach argues that precisely the act of building
couldreverse past environmental harm and im-
prove future social-ecological systems.

Another key implication is that many of the de-
scribed principles are not new. When drawing
from existing knowledge about the construc-
tion of buildings throughout human history, one
realizes that most of the regenerative principles
exist in various forms for hundreds of years al-
ready (Beamer et al., 2023). Yet, they are some-
times forgotten by the modern construction in-
dustry. Just like regenerative development prin-
ciples have some overlaps with other PM
frameworks, emphasizing continuous improve-
ment, circularity is a rediscovered concept with
a long history (Reike et al., 2018). Moreover,
many built environments from ancient civiliza-
fions were already designed to achieve eco-
system services, long before it was a scientific
concept. A striking example of a building with
net-positive material flows is the almost 2000
year old ‘self-healing’ concrete of the oldest
building still in-use — the Pantheon in Rome. Fur-
thermore, throughout history, many bio-inspired
design strategies for healthy buildings were al-
ready applied. Think about courtyards with wa-
ter basins for passive cooling, windcatchers for
natural ventilation or optimized orientations for
solar gains in the winter and shading in the sum-
mer. As one of the seven world wonders, the
hanging gardens of Babylon were perhaps his-
tory’s most famous example of blue-green-in-
frastructure. These examples imply that a re-
generative built environment in the 21st century
can learn a lot from the past and systemically
integrate this knowledge with new innovations.
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Discussion

The thesis focuses mainly on new construction,
since it is especially relevant to build these
buildings as well as possible. Yet, it has to be
considered that many buildings of the future
are already built, and will be renovated or
transformed to new uses. The extent to which
these existing structures could be made regen-
erative is not the main focus of this thesis, but it
is also possible to apply the framework to exist-
ing buildings. One of the most sustainable ac-
tions that can be taken is enabling a long life
time for buildings. As an example, most build-
ings in Europe’s historic city centres are hun-
dreds of years old and still being used today.
While they all require renovation at some point,
their yearly embodied climate and nature im-
pacts are reduced through the distribution over
many decades. Considerations like these are
also important when defining project-specific
KPIs. A project’s regenerative KPIs depend on
the ecosystem service analysis of its place. The
ones in Chapter 4.3 can serve as an inspiration
for KPIs that are local, global or both, but are by
far not the only ones. Furthermore, it should be
considered that subtracting positive impacts
from negative impacts is a simplification.

In the context of the Netherlands, constructing
a regenerative building would likely mean to
do this with an MPG value (environmental cost
indicator) of 0 €/m?/year, or even a negative
number. With current valuation approaches, or
even the way buildings are built, this is not pos-
sible. Building valuations in the future, therefore,
have to account for the long-term positive ef-
fects of regeneration (and circularity), such as
ecosystem services or future material flows.
Aligning with the theme within which this master
thesis is written, enabling a regenerative built
environment implies that it has to be changed
how buildings are valued

The Anthropocene is characterized by an ex-
ponential acceleration of sometimes positive,
but often negative socio-economic and earth
system trends (Steffen et al., 2015). Shifting fo an
ecological worldview therefore implies to also
accelerate the tfransition to regenerative sus-
tainability.

5.4 Limitations

Like any research, this master thesis does not
come without limitations: (1) The explorative
nature of this research entails that not all as-
pects of the topic can be studied in detail.
Each of the four sub-questions could be turned
into its own master theses. (2) The sources for
the literature review consist of peer-reviewed
artficles from scientific journals, as well as non-
peer reviewed reports and books. While this has
the advantage of combining knowledge from
academia and practice, it could also produce
different results than focusing only on journal ar-
ficles. (3) Additionally, a graduation internship
within a different organization could have gen-
erated altered results, although this was miti-
gated by the expansive literature review be-
forehand. (4) The framework is of course a sim-
plification of a complexreality with overlapping
principles and iterative project phases. (5) The
selected cases focus on specific aspects, since
studying the whole projects is beyond the
scope of this research. The generalizability from
these cases might be limited because they are
all located in the Dufch context, where there
may be higher interest in sustainable construc-
tion than in other countries. (6) Two of the cases
are projects of the graduation organization,
and a family member of the researcher is in-
volved in one case. However, while this helped
with information gathering, the researcher was
not influenced by others in the analysis of the
cases. (7) Some aspects of the research, like
the project implementation of regenerative
principles, are characterized by a lack of
data/literature on certain aspects. (8) The thesis
is written from a general or holistic perspective,
specifically on new-built real estate projects,
meaning residential and utility buildings. A fo-
cus on industrial or infrastructure projects or
specific stakeholder groups would likely lead to
different results. () An objective perspective
on the topic was taken by the researcher as
much as possible to minimize bias. Neverthe-
less, it has to be acknowledged that the act of
choosing a thesis topic indicates a pre-existing
interest, which can conflict with the notion of
total neutrality about the subject.
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5.5 Recommendations

Based on the results, recommendations for ac-
ademia include:

e Using this framework as a starting point for fu-
ture research, because it combines most of
the already existing literature

e Criticizing the proposed definitions fo come
to a universally agreed upon phrasing

¢ Building on this exploration by researching
specific aspects of the framework and its
principles in more detail

e Evaluating the framework to uncover its
strengths and weaknesses

¢ Analysing different case studies & contexts

¢ Comparing cases with the same regenera-
tive characteristics to each other

e Implementing education about RDD into
curriculums

Recommendations for practitioners include:

e Shifting from an anthropocentric to an eco-
logical worldview

e Leaving the comfort zone of locked-in para-
digms in the AEC & RE sector

e Educating oneself, colleagues and collabo-
rators about the topic

e Applying the regenerative framework

e Using long-term holistic systems thinking

e Challenging current industry mindsets

e Thinking beyond the boundaries of the con-
struction site

¢ Involving new stakeholders (ecologists, soci-
ologists, communities, nature, etc.)

e Pricing in other forms of capital, beyond fi-
nancial, by the markets

e Adapting and harmonizing building codes
to incentivize regenerative construction

e Aiming for positive outcomes beyond the
current requirements

e Seizing new enfrepreneurial opporfunities

e Learning from the past and from nature

e Being aware of regenerative principles but
realizing that not all of it can be imple-
mented every project
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5.6 Future Research

Regenerative development requires deep in-
terdisciplinary thinking within the various disci-
plines in the built environment, as well as with
fields of expertise beyond it. This master thesis
creates several ideas for future research:

For architecture:

¢ What does aregenerative building look like 2

e How can historical place-based architec-
ture be implemented into modern build-
ingse

o How does the role of the architect shift in @
co-creation processe

For urbanism & landscape architecture:

¢ What does a beneficial ecosystem of regen-
erative buildings look like?

¢ How can neighbourhoods be designed to
positively impact their place?

e How can nature-based solutions be imple-
mented info real estate projects

o What are regenerative actions for cities?

For building fechnology & engineering:

¢ How can a standardized system for circular
and regenerative construction be created?

e How caninnovative technologies be usedin
the regenerative design process?

o What are regenerative materialse

e How can biomimicry be used in practice?

For management & economics:

o What are the barriers and enablers of regen-
erative real estate?

e How can a regenerative business case be
achieved, valued and financed?

o What are the financial benefits of regenera-
tive real estate?

¢ How can the knowledge on regeneration
be shared with industry professionals?

o Whatis the value of regenerative buildings?

e How can regenerative ambitions be main-
tained throughout the project life cycle?

For studies beyond the built environment:

o What can be learned about regeneration
from disciplines beyond the BE?
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6 Conclusion

This thesis began with asking the question how a regenerative built environment can be defined,
applied, assessed, implemented and evaluated. To put the answer o the main research question
very simply: Yes, it can be done with the framework. The research approach to answering the re-
search questions was to step-by-step develop a framework for regenerative buildings, which was
then used to evaluate three case studies of Dutch real estate projects. Through the extensive litera-
ture study it was possible to clearly define the key concepts, and the resulting framework visually
illustrates how application, assessment and implementation are related to each other. Based on the
selected cases it is evaluated that, while all three projects show regenerative characteristics, they
cannot be considered as fully regenerative. Nevertheless, they represent an important advance-
ment of the built environment towards regenerative sustainability. What can be learned from these
projects is how regenerative development and design principles can be used in practice and which
positive impacts they might achieve. Besides the three case studies, the regenerative framework,
which aims to unite all its forerunners, is the most essential contribution of this research. Since regen-
eration has to do with hope for the future (Lyle, 1994), hopefully this framework can inspire many to
create new regenerative projects that are beneficial for people and planet.

To conclude, the critical question if regeneration is just another buzzword for the sustainability transi-
tion demands an answer. It is certainly not. Regeneration reveals that slowly achieving a ‘net-zero’
real estate sector is not good enough to enable a beneficial future for the social-ecological system
in the long-term. Additionally, becoming net-zero (neutral) can be seen as a very unsatisfying goal
to work towards, because it can be framed as trying to make buildings ‘100% less bad’. Doing ‘more
good’ would mean that the built environment must become net-positive. This thesis is an attempt to
explore and summarize what regeneration means for real estate. It uncovers that many of these
answers already exist — some have for decades. It is in the nature of regenerative development and
design that the applied solutions are context-specific. The challenge is to systematically combine
them in the current global and local context. The chances of regenerative building might be bigger
than its challenges, but to enable these chances “we need fo stop being apart from nature and start
being a part of nature” (Attenborough, 2020).
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7 Reflection

This exploration has been quite a challenging process, beginning with the search for this graduation
topic. After the summer break, it was fime to choose a fopic which is so interesting that | can write
about it for nine months. Through weighing up the pros and cons of each theme, | ended up choos-
ing number seven: ‘Valuation’. At that time, during a visit to a fair in Scandinavia, | was convinced
that I should research something about the hot new topic in AEC: life cycle assessments. Hans offered
to supervise this topic as a first mentor, together with Michaél. Great news! While digging deeper into
this subject, and whilst listening to a podcast, | heard something that | never heard before: buildings
could be regenerative. What does that mean? | looked it up and on the one hand thought: this
makes so much sense! But on the other hand it confused me. Why did | never hear about this at
universitye As it turned out, researchers and practitioners alike also seemed to be struggling to agree
on what this mysterious concept actually means. On that day | found my graduation topic. Whilst
choosing a company for the graduation internship, it emerged that Drees & Sommer — with which |
had a great conversation at the Real Estate Career Day in May 2024 — aims fo become a ‘regener-
ative organization’ or ‘beneficial company’. So | reached out to them, and after some waiting time
they forfunately let me know that they selected me as their graduation intern.

At P1, the main research question was if regenerative real estate can become a business case in the
Netherlands. Therefore, until P2, the research approach focused more on the barriers and enablers
of achieving this. At the P2 presentation it was concluded that we first have to genuinely find out
what regeneration fruly is, before we can ask the question of how it can be achieved. One advice
by Hans was particularly helpful — he mentioned something along the lines of: *you have to translate
something thatis very complex (like regeneration) into a simple description/framework, and then you
have a good thesis.” After a short skiing holiday to recharge back home in Austria, | began my grad-
uation internship, where | hoped to find some more answers. | was received with a warm welcome
by the colleagues, who were thankfully very interested in my topic and provided great new input.
Thereafter, the period between P2 and P3 was characterized by some frustration. Creating a logical
framework, based on a large part of the contradictory existing knowledge furned out to be very
demanding. It was only at P3 that | could finally say with confidence that | knew what regeneration
in the built environment is about. At this point, Hans & Michaél asked me the unexpected question if
I would like to furn this work into a research paper together with them and publish it in a scientific
journal. Of course | agreed on that. The period following up to the P4 presentation was used to further
advance the research and to write the discussion and conclusion.

With the completion of this P5 report, the research approach proved to be successful. In order to stay
on frack, the feedback of all mentors was fundamental to reach this point. The report co-evolved
together with their feedback, and conversations with industry professionals and other students. This
report might even evolve a bit further in form of a paper. Allin all, | learned al lot. First and foremost
about the topic itself, but also about real estate practice in the Netherlands and other countries
through conversations with national and international colleagues. Besides that, | also learned that |
can be proud of the result of this research. The explorative approach influenced the outcome in a
way that led to a holistic evaluation of what it means to create buildings which are beneficial for
people and planet. This aligns well with my own holistic view of the built environment — thinking be-
yond roles and across disciplines. Personally, | sometimes miss this interdisciplinary collaboration within
our master programme AUBS. Especially, because the results of this thesis are highly tfransferable be-
tween ifs five tracks. Thus, the value of this report also lies in the implication that a regenerative built
environment is only achievable through intense teamwork between and beyond our roles.
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Appendix A: Dutch Carbon Budget Calculation - see table on the following page
Appendix B: Initial Literature Review - see attached pdf of Excel sheet (incl. in the digital version)

Appendix C: Data Management Plan < see attached pdf document (incl. in the digital version)
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Appendix

Appendix A: Dutch Carbon Budget Calculation

Planetary Boundary | Paris Agreement (1,5°C)

Global Carbon Budget! 2,51 | GtCO2eq./yr

Current Global Emissions in Total? 47,9 | Gt COz2eq./ yr

Global Publication 8.000.0000.000 | people

Dutch Population3 18.000.000 | people

Dutch Population Share 0,225% | of world's population
Dutch Carbon Budget 5,65 | Mt CO2eq. /yr(0,225% of 2,51 Gt)
Current Dutch Emissions in Total# 144,30 | Mt CO2eq./ yr

Dutch Budget Overshoot 25,6 | times

Dutch Construction Sector

Current Emissions from Constructions 17,40 | Mt CO2 eq. / yr
Construction Carbon Share 12% | of total Dutch emissions
Carbon Budget for Construction 680.988 | t CO2eq./ yr

Dutch New Built Residential Construction

Share of New Residential Constructioné 15% | of total Dutch construction
Carbon Budget for New Residential Construction 102.148 | tCO2eq./ yr

Newly Constructed Dwellings per Year” 85.300 | dwellings / yr

Average Dwelling Size® 60 | m?

Total Area of Newly Constructed Dwellings 5.118.000 | m2/ yr

Carbon Budget for Newly Constructed Dwellings 19,96 | kg CO2€eq./ m?/ yr?
LCA Building Lifespan? 75 | years

Carbon Budget for Newly Constructed Dwellings 0,27 | kg CO2eq./ m?/ yr

! https://reductionroadmap.dk/

2 https://reductionroadmap.dk/

3 https://www.cbs.nl/en-gb/visualisations/dashboard-population/population-counter

4 hitps://www.cbs.nl/en-gb/news/2025/11/decrease-in-greenhouse-gas-emissions-levelled-off-in-2024
5 hitps://www.cbs.nl/en-gb/news/2025/11/decrease-in-greenhouse-gas-emissions-levelled-off-in-2024
¢ https://www.metabolic.nl/publications/bouwen-binnen-planetaire-grenzen/

7 https://www.cbs.nl/en-gb/figures/detail/81955ENG

8 assumption — no data

? https://milieudatabase.nl/en/environmental-performance/environmental-performance-calculation/
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Master Thesis: Making Sense of a Regenerative Built
Environment

0. Adminstrative questions

1. Provide the name of the data management support staff consulted during the
preparation of this plan and the date of consultation. Please also mention if you consulted
any other support staff.

Janine Strandberg, Data Steward at the Faculty of Architecture and the Built Environment, has
reviewed this DMP on 20-03-2025.

2. Is TU Delft the lead institution for this project?
e Yes, the only institution involved

In this project, TU Delft is leading the research design. Drees & Sommer is sharing commercial data on
practices in the built environment.

I. Data/code description and collection or re-use

3. Provide a general description of the types of data/code you will be working with,
including any re-used data/code.
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How will data/code
be

Who will

citations

data

Type of File collected/generated? [Purpose of Storage |have access
data/code format(s)|For re-used data/code: |processing location [to the
what are the sources data/code?
and terms of use?
. The company
Reports about be analysod by the.  [application of the | 2rees & [Drees &
research related researczer anzi/ rgspearch topic in Sommer  |Sommer (to
topics & projects |.pdf files | . . Sharepoint|Sharepoint)
implemented in the practice and to
by Drees & . . TU Delft |and the TUD
research report with obtain case study , \
Sommer o OneDrive [project team
citations data .
(to OneDrive)
. The company
Presentations The text-based data will [To upderstand the Drees & |Drees &
be analysed by the application of the
about research . . Sommer |Sommer (to
. .pdf files, |researcher and research topic in , .
related topics & , . . : Sharepoint|Sharepoint)
. .pptx files [implemented in the practice and to
projects by Drees . . TU Delft |and the TUD
research report with obtain case study , .
& Sommer OneDrive [project team

(to OneDrive)

Il. Storage and backup during the research process

4. How much data/code storage will you require during the project lifetime?

e <250GB

5. Where will the data/code be stored and backed-up during the project lifetime? (Select all

that apply.)

o TU Delft OneDrive
e Project Data Storage (U:) drive at TU Delft

I1l. Data/code documentation

6. What documentation will accompany data/code? (Select all that apply.)
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o Data - Methodology of data collection

IV. Legal and ethical requirements, code of conducts

7. Does your research involve human subjects or third-party datasets collected from
human participants?

If you are working with a human subject(s), you will need to obtain the HREC approval for
your research project.

e No

The research is based on an extensive literature review and the analysis of case studies.

Generating data from interviewing or studying human subjects is not part of the research
methodology. Informal meetings with employees of the graduation organisation and other people from
practice are done to discuss the research subject and to gain a better understanding of the topic.
However, no data except (hand-written) notes are generated from these discussions. These meetings
are primarily aimed at getting feedback and obtaining additional sources and case study data.

This has been discussed with the first mentor and he confirmed that HREC approval is not necessary.

9. Will you work with any other types of confidential or classified data or code as listed
below? (Select all that apply and provide additional details below.)

If you are not sure which option to select, ask your Faculty Data Steward for advice.

e Yes, confidential data received from commercial, or other external partners

Prior to the graduation internship, a graduation agreement has been signed with the graduation
organisation (Drees & Sommer). Part of this is a confidentiality agreement concerning their company
data.

10. How will ownership of the data and intellectual property rights to the data be
managed?

For projects involving commercially-sensitive research or research involving third parties,
seek advice of your Faculty Contract Manager when answering this question.

The intellectual property rights are framed by a graduation agreement between Delft University of
Technology, myself and Drees & Sommer Netherlands B.V.
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V. Data sharing and long term preservation

26. What data/code will be publicly shared?

Please provide a list of data/code you are going to share under ‘Additional Information’.

o Not all data/code can be publicly shared - please explain below which data/code and the reason
why public sharing is not possible

Internal company documents of the graduation organisation cannot be publicly shared.

28. How will you share your research data/code?

¢ | am a Bachelor’'s/Master’s student at TU Delft and | will share the data/code in the body and/or
appendices of my thesis/report in the Education Repository

31. When will the data/code be shared?

e As soon as corresponding results (papers, theses, reports) are published

VI. Data management responsibilities and resources

33. If you leave TU Delft (or are unavailable), who is going to be responsible for the
data/code resulting from this project?

My supervisor J.W.F. (Hans), Wamelink, Professor of Construction Management and Entrepreneurship,
Department of Management in the Built Environment, with email address ].W.F.Wamelink@tudelft.nl.
My supervisor M.U.J. (Michael), Peeters, Assistent Professor of Real Estate Management, Department
of Management in the Built Environment, with email address M.U.].Peeters@tudelft.nl.

34. What resources (for example financial and time) will be dedicated to data management
and ensuring that data will be FAIR (Findable, Accessible, Interoperable, Re-usable)?

Research data is only shared within the MSc thesis: no additional resources are required.

Created using DMPonline. Last modified 21 June 2025 50f 5


mailto:J.W.F.Wamelink@tudelft.nl
mailto:M.U.J.Peeters@tudelft.nl

	Plan Overview
	Master Thesis: Making Sense of a Regenerative Built Environment
	0. Adminstrative questions
	I. Data/code description and collection or re-use
	II. Storage and backup during the research process
	III. Data/code documentation
	IV. Legal and ethical requirements, code of conducts
	V. Data sharing and long term preservation
	VI. Data management responsibilities and resources


