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1. CONTEXT

1.1. INTRODUCTION

The apparent inability to understand  the
long-term consequences of our actions on
the very place that we inhabit seems to be
a human trait. According to Sing C. Chew
“viewed from a broad historical perspective,
our present relationship with nature has
not  changed significantly”.  Throughout
the last 5000 years, this relationship has
been “exploitative, primarily fo meet the
materialistic  requirements”’  and  within
the last 100 vyears, we have become
more and more efficient in doing so.

In fact within only “a single lifetime —
humanity [...] has become a planetfary-
scale geological force” whose activities
inseparably affect  the earth  system.

The rising global temperature, the impending
sea level rise, the degradation of the very
natural systems that we depend upon are all
already observable consequences.”

There is a need fo change our view from
“ecosystems as inexhausfible stores  of
resources for use of humans, to understanding
that humans live within them as integral
parts” .

Approachingthisthroughthe builtenvironment
makes sense regarding the considerable part
it has within the fotal impact on our planet. In
fact, “the built environment generates more
than 1/3 of the waste within the European
union and the manufacturing of construction
products alone account for 11% of the global
CO2 emissions.” The built environment as
an umbrella for all related activities even
accounts for 39%.¢ and is responsible for half
of all globally extracted material”.”

The heightened inferest in  sustainable
developments and constructions have @
“tfendency fo focus on carbon- and material-
related issues”.® A good start for sure but
with the importance of biodiversity in mind,
an architecture more aware of biodiversity
should be encouraged.

A good start for sure but with the importance
of biodiversity in mind, an architecture more
aware of biodiversity should be encouraged.
What makes biodiversity so important is the
essential role it plays for the proper functioning
of the ecosystems which are sustaining all life
on the planet. A healthy biological diversity
ensures the functioning of ecosystem services
that make life on earth possible, providing the
essentials such as clean water, air or food for
example.

A theory that acknowledges the importance of
the naturalsystemsthatbuildingsare developed
in, is the “regenerative theory”. With the aim
of creating a development that responds
precisely fo the local natural systems and will
ultimately represent a  positive contribution
for the health and prosperity of a place, the
impact on biodiversity through the scale of @
building is not addressed precisely enough.

This research tries to clarify the role a single
building can have on the biodiversity of a
place and offers simple solutions one might
consider when designing a small scale project.

The research question therefore s

Withinregenerative architecture, how can
a small scale residential building address
and positively contribute to biodiversity 2

How can biodiversity be addressed through
architecture ¢

Which architectural elements can  affect/
contribute to biodiversity ¢

How can these different elements play a vital
part of the biodiversity surrounding them 2

The research question is set within the
regenerative theory because it aims af
achieving a positive contribution rather than
minimizing an impact. Which aligns with the
aim of finding design solutions that attempt fo
actively contribute 1o the local biodiversity of
a building project.

o



2. REGENERATIVE

2.1. BASIC PRINCIPLE

Regeneration, “the act of something growing
again” and/or “the act of improving a place
or system” 7, lays at the core of this line of
thought.

Under the term regenerative design, one
understands @ development aspiring o
become an active part of the complex
inferlinked systems that make a particular
place. The pursuit of a development that
seamlessly slips within the multiple gears of
the natural cycles of the world surrounding us
defines this theory.

According fo Raymond J.Cole, one of the
more prominent thinkers within the field
of regenerative theory, a Regenerative
Development promotes a “co-evolutionary,
partnered relationship between humans and
natural systems rather than a managerial
one and, in so doing, builds, rather than
diminishes, the social and natural capitals
to ‘grow the caring’ required to make
sustainability real.” 10

It is important to underline the difference
between a regenerative design approach
and a more traditional sustainable design
approach. In fact all the currently considered
“best  practice”  sustainable  approaches
towards design have to be considered «
baseline for any regenerative project. In
order to display the relation between all
of these, a historic timeline of the various
sustainability paradigms  should provide «
better understanding.

2.2. BRIEF HISTORY

According to Pamela Mang and Bill Reed
the beginning of sustainable practices within
the built environment can be traced back to
1898, when Ebenezer Howard published
his book Tomorrow: A Peaceful Path to Real
Reform. He called for a shift away from the
growing frend of people moving towards the

big cities governed by machines and profit
and instead argumented for a rediscovery
of the humans relationship fo nature and
ifs processes. His ambition was to integrate
“ecological thinking” info the planning of
“human  sefflements” "' which led to the
garden city movement with two towns actually
build according to the main principles of his
ideas.

Another countfer reaction to the growing
migration towards cities in the beginning of
the 20th century came from Patrick Geddes,
who in 1915, made the distinction between
the “industrial era, producing this destructive
growth of human setflements” '? aptly naming
it “Paleotechnic” and the “Neotechnic era”,
an era focused “on conserving energies
and organizing environment tfowards the
maintenance and evolution of life, social and
individual, civic and eugenic.” '

This inifial idea of a more ecological thinking
related to a human sefilement can be traced
throughout time until now. An example of this
is the presentation of the word “ecosystem”
by Arthur Tansley who focused on the
inferactions and the consequent outcomes
between humans and the natural systems
surrounding us.' Tansley’s conclusion that
our “western design thinking” is based on
a clear “human-nature  dichotomy”  out
of which many of the problematic points
of human developments spawn out of.

In 1978, the concept of Permaculiure
was infroduced by Bill Mollison. An idea
that according to Mang&Reed “was  the
first ecological design system tfo infroduce
the concept of a regenerative effect”.

Mollison’s permaculture would regenerate the
natural systems it is situated in by reinfroducing
energy and resources that were generated
during the growth process. This way of doing
agriculture stepped away from the exploitative
practices which were considered common
practice at this point.'



In the year 1984, John Tillman Lyle pointed
at the need for a better understanding
of the “ecological order operating af a
variety of scales” which has to be “linked
to human values” in order to “create
durable, responsible, beneficial designs.” He
underlined the importance for humans to first
understand the complex interlinked systems
which define the natural world around us
before trying fo design or create something
within it.1

Thefirstactual “practicalguide” forregenerative
systems design followed in 1996, published
by Lyle under the name “Regenerative Design
for Sustainable Development”. Lyle referred
back to Patrick Geddes dark perception of
the humans behavior in the bigger picture, a
being fueling off of the demise of its natural
surroundings. With his regenerative guidelines
he proposed a potential way to “reverse the
environmental damage caused by “industrial
land use practices
Geddes he describes what he sees as the

"1

. In his alignment with

core problem of our current relationship 1o
nature. Lyle states that while nature works
through a complex interlinked system that
keeps on evolving through time through the
“continual cycling and recycling of materials
and energy” '/, we the humans, on the other
hand, have “ designed readily manageable
uniformity” '® resulting in a one-way linear
system,  which  will  ultimately — “destroy

the landscapes on which it depends”."”

His ultimate aspiration was for regenerative
designto leadto alternate systems which would
provide “continuous replacement, through
own functional processes, of the energy and
materials used in their operation”.?°

In 1995, in part inspired by Lyle’s genuine
set of ideas, the Regenerative Collaborative
Development Group in which Bill Reed and
Pamela Mang are co-creators, laid together
a more refined proposal for a regenerative
development. A proposal according to which
communities would be enabled to “co-evolve
with the natural living systems they inhabit

while continuously regenerating environments
and cultures.” Similar to Du Plessis ?', they
identified the damaged relation between the
human and the natural world as the core
issue leading to “environmental problems as
symptoms” of this disorder/ailment. Therefore
the aim of a regenerative development is to
have a much deeper impact on the human
thinking and perception of the natural world.
They argue that only once we as a people
have realized and reasserted our position
within the natural systems, towards a more
holistic view in which we are a conscious part
of the natural systems, the current ailments
could be acknowledged and worked on.

Regenerative developments are seen as
catalysts for such a shift, designing the context
aswell asthe living solutions for a “harmonious
infegration with nature” benefiting not only
the people but also the specific place it is
situated in.?

2.3. DEFINITION

The Regenerative Theory “offers a system
of technologies and strategies based on
an understanding of the inner working of
ecosystems. Regenerative design solutions
regenerate rather than deplete underlying life
support systems and resources, are grown
from the uniqueness of place, and works to
infegrate the flows and structures of the built
and natural world across multiple levels of
scale, reflecting the influence of larger scales
on smaller scales and smaller on larger.” %2

What makes a regenerative development
stand apart  from  other  sustainable
approaches is that the “core issue” is “cultural
and psychological, and only secondarily
technological”.?* This means according to the
Regenesis Group that we as humans need to
sfop perceiving ourselves as “separate from
nature” and instead acknowledge that we are
“part of a co-evolutionary whole, in symbiofic
relationship with the living places we inhabit”.

(@)



A well-executed regenerative design should
inifiate  this change of perception of the
inhabitants living in it.

A regenerative design considers all the other
“sustainable” building practices as a given
and builds on top of these. The following table
made by Shady Attia is a visual representation
of how one “eco-conscious” theory led to
another, ultimately leading to the regenerative
theory predicted as the new best practice in
the field of sustainable developments.?®
According to Shady Attia, at this very moment
we are “on a verge of a paradigm shift that
operates from a positive impact creation
through environmentally effective sustainable
buildings”.

Paradigm Years Influencer Paradigm
Bioclimatic architecture 1908-1968 Olgyay. Wright, Neutra Discovery
Environmental 1969-1972 Tan McHarg Harmony
architecture
Energy conscious 1973-1983 AIA, Balcomb, ASES, Energy
architecture PLEA efficiency
Sustainable architecture 1984-1993 Brundtland, IEA, Feist Resource
efficiency
Green architecture 1993-2006 USGBC, Van der Ryn Neutrality
Carbon neutral 2006-2015 UN IPCC, Mazria Resilience
architecture
Regenerative architecture 2016-Future | Lyle, Braungart, Benyus Recovery

This means that a regenerative development
should fulfill the current highest sustainable
industry standards while aiming towards «
positive contribution to the place it is built in.
This means that it should be a building with @
positive footprint regarding every single aspect
it touches; carbon, food, energy, water, waste,
materials, community and nature.

2.4. IMPLIMENTATION DIFFICULTIES

One of the difficulies of a regenerative
development is the lack of an internationally
accepled and renowned cerfificate such as a
LEED or BREEAM certificate which takes away
financial incentive for a lot of developers.
Another hardship for such a development
will be that potential benefits to the ecosystem
a project is developed in, will not be visible
immediately. In fact according to one of
the co-creators of the term “regenerative
development”, states that positive changes
are only visible after 15 years on average. %

This means that the public will have to change
the understanding of how to judge a buildings
role and/or function. Since unlike traditional
building projects, “the benefits of regenerative
design and development cannot be fully

understood at the completion of a project”. ?/

The longer timeframe however is not the only
constraint, with no direct tangible economic
benefits tied to potfential ecosystem benefits
resulting from a regenerative development,
stakeholders are less incentivized to embark
on a more complex building project. The
complexnature of a regenerative development
is another critical point that might defer people
from pursuing a regenerative building project.
Taking info the account multiple stakeholders
that might be part of the specific place of
the project, as well as every possible source
of potfential impact on the natural systems
during the entire lifecycle of the building add
a significant layer of complexity to a building
project. According fo Belle&Mang however,
“the capability to image complexity while
coordinating the integration of a large number
of technical solutions info a physical form is
infrinsic fo designers”, which makes the task
of a regenerative design an attainable one. %

2.5. NODAL INTERVENTIONS

Simplified, a regenerative  development
can  be divided info 4 main  steps.

1. uncover the regenerative potential of a
place

2. define the holarchy of the project

3. uncover the disfinctive character and
potential of the place and the projects
distinctive role

4. identifying nodal interventions %

Once the specific place has been properly
understood on a larger scale, concerning
the geographical, social and ecological
characteristics , certain nodal interventions
have to be identified. One of these nodal
inferventions is the building for example.



The build form will be the result of the many
inferlinked considerations that have taken
place and will therefore find itself ot a crucial
“node” within a regenerative development.
All the actors and systems involved will come
together through time at the built object. %

An example is given in Pamela Mangs Book
3 where a parficular node was identified
as unsuitable to serve as the plot for the
development of a house in the “mountains
of north Arizona”. They came to the
conclusion that too many natural flows were
concentrated ot this area, namely “flows
of wind, water, fire, cold air drainage and
wildlife traffic”. They changed the building
plot to a different more “calm” place, which
safeguarded the house during a “forest fire
followed by monsoonal flooding” unlike
all other homes which were destroyed. 2

Architecture will have 1o be designed very
carefully in order to respond to the multiple
infersected criteria unique to a specific place.
In a way the build object will be the result or
a potential answer to a certain web of local
requirements.

2.6. MISSING LINK BETWEEN THEORY
& PRACTICE

With this in mind, itis quite remarkable that the
extensive theory of regenerative developments
does not specify clearly how this ought to be
achieved. In fact the link between regenerative
theory and practice particularly at the scale of
architecture is not clearly defined.

Dr. Raymond J. Cole acknowledged this by
underlining that “while the aspirations and
key principles of regenerative design can be
readily understood, its operation and practice
are less clear.” %

With  no exemplary architectural projects
yet o inspire or guide architects, there is no
reference which could serve as a baseline
fo understand the key design principles to

34

follow. The lack of any “translational arm”

showcasing the theory in practice as well as
no tools that “are comprehensive enough
to clearly guide designers”,” pose a great
hurdle in the way of achieving regenerative
architecture.

2.7. ROLE OF THE BUILDING WITHIN
REGENERATIVE THEORY

Within the regenerative theory, the building
gets much higher demands imposed on it
compared fo a regular project. According
to Raymond J.Cole the building could be «
“catalyst for positive change within the unique
‘place” in which it is situated”.? This refers
back to the building being one of the nodal
points necessary fo bring about a positive
change fo the place in question. In order to
know which roles the building should address
and positively contribute 1o, Pedersen Zari
stresses the importance of understanding
“ecosystem services at a larger scale”.?/

This requires a different set of knowledge than
the one usually associated with architects/
designers but in case of a regenerative
development is absolutely crucial. Benne and
Mang therefore 3¢ make clear that “designers
must have the willto engage beyondthe narrow
scope of designing physical infrastructures,
and train their minds to embrace complexity
without getting overwhelmed”.

Once the necessary focus points are
identified, the building will be designed and
planned in a way to try fo positively affect
these actors or conditions. An important
characteristic of a regenerative development
is that these contributions/effects should not
be finite. That is why Mang&Reed point out
the importance of time for such a project.
While designing/ planning the building,
one should, after a thorough analysis of the
multiple actors and systems, “ensure that the
ongoing regenerative capacity of the project,
and the people who inhabit and manage it, is
sustained through time”. ¥



Leaning on the concept of time, J.Cole points
at the importance of “designing the capability
of the constructed world to support the positive
co-evolution of human and natural systems”
instead of designing a building as a “building
as a product”. 1°

2.8. CRITIQUE

As promising as it sounds, some voices within
the field are pointing out certain critiques of
the regenerative theory.

Interestingly, Raymond J.Cole is the only
prominent key figure who is issuing a critique
towards the current regenerative discussion.
He points towards the issue that exemplary
projects described are “almost exclusively
non-urban, set within relatively coherent
community confexts and with greater access
to natural amenity” and goes on to question
the feasibility of such a regenerative project in

a “densely urban setting”.*!

It has to be mentioned that the theory being
relatively young and arguably still fringe in
the built environment, real life projects are
essentially nonexistent while the ones trying
to achieve a cerfain regenerative character
are of a small scale and are indeed located
in natural environments, which is explained
due to the more manageable scale of these
places. Like for any new line of thought smaller
tests have to be conducted in order to get
better understanding until it can be applied in
a more complex and difficult sefting.

2.9. BIODIVERSITY NOT THE FOCUS

Reading and collecting an  extensive
amount of information around the fopic of
regenerative  developments it seems odd
that while biodiversity plays such a defining
role for the functioning and heclth of «a
specific place, no real explanations on how
to identify/understand and address this can
be found. In regard to the importance of
biodiversity from a local to a global scale

this is hard to comprehend. Sometimes the
issue of biodiversity is nof even mentioned
within the guiding principles of a regenerative
development.

Ore such example can be found in the
book “Regenerative and  Positive  Impact
Architecture — Learning from Case Studies”.*?
While  biodiversity is  mentioned multiple
fimes in the infroduction when presenting the
theory of “Regenerative Developments”, it is
not mentioned at all in the rest of the book.
Instead the focus lays on materials, energy
efficiency, comfort and performance. The fact
that the book is relatively recent (2018) and
is based on case studies, is a good reminder
that there is a lot left to do in order to move
towards a “regenerative” building.

In general regarding sustainable building,
instead of biodiversity, “there has been «
tendency fo focus on carbon- and material-
related issues” *°

This is due in part, to the lack of any financial
incentive linked to the preservation of or even
contribution towards biodiversity. **



3. WHY BIODIVERSITY ?

3.1. DEFINITION

Biodiversity, also called biological diversity,
the variety of life found in a place on Earth or,
offen, the total variety of life on Earth. *

The term encompasses every single living
thing, “including plants, bacteria, animals and
humans”.*¢ Altogether, they form a complex
system of relations and interdependencies
from a local to a global scale, making it the
“basis of many ecosystem services” * making
the “earth habitable for all species, including
humans”. “8 Despite the inifial perhaps selfless
perception of someone working towards
preserving biodiversity, it is ultimately an act of
self-preservation for us humans here on earth.

The contribution and impact of Biodiversity in
general is remarkably broad and essential. It
“plays a critical role in providing food, fiber,
water, energy, medicines and other genetic
materials; and is key fo the regulation of our
climate, water quality, pollution, pollination
services, flood control and storm surges.”
Additionally, it provides us humans with
“inspiration and learning, physical  and
psychological experiences” which ultimately

“shapes our identities”. *7

Considering the trends in biodiversity, our
current practices are hard fo argument for
much longer. According fo the Living Planet
Report 2020 there is a 68%fallin “populations
of mammals, birds, amphibians, reptiles and
fish between 1970 and 2016”. This data is
relevant since the “species population trends”

are a good measure of “overall ecosystem
health”, 0

With such important/crucial values at stake
it becomes unquestionable to work towards
conserving biodiversityineveryfieldwe humans
have an impact upon it. Unfortunately, in the
case of the built environment, “biodiversity
considerations seem to be one of the least
priorities when assessing new development
projects”. °'

Within the field of the built environment as
well as any other human activity, It is time
to acknowledge that “Biodiversity is not an
additional option in an ideal world, but @
fundamental need not only in the context of
fruly sustainable building, but also for our
quality of life and the long-term sustainability
of our planet. The loss of biodiversity is one of
the biggest threats facing our planet.” >

3.2. BIODIVERSITY & THE BUILT
ENVIRONMENT

Once the importance of  biodiversity
conservation has been recognized, the
question arises how architecture  could
mitigate any negative impacts on biodiversity
or even confribute towards biodiversity. It is
important to acknowledge that a built object
has passive and direct repercussions on
biodiversity during its entire lifecycle.

In fact when looked at closely, “biodiversity
is connected with all the sustainable building
criteria”, ranging from energy to water as well
as the materials for example. >

With the built environment being one of the
drivers for “biodiversity loss” Dr. Maibrift
Pedersen Zari, believes that when applied
properly, it “also has the potential to mitigate
the causes of such loss”.** This means that
the built environment can be a powerful and
exemplary tool o maintain and/or enhance
the local biodiversity while also raising
awareness about  biodiversity.  Showcasing
the importance for biodiversity conservation
through architecture provides opportunities for
“environmental education” which in turn will
form “support for biodiversity protection”.>
Building with biodiversity means that the
“existing resources in the habitat” should
be profected and the resulting building
should  “interact positively with  nature”.>
Unfortunately, similarly o the regenerative
theories, translating the theoretical aspirations
info practice is not yet fully developed. In this
case, the current “sustainability assessment
tools” needed “to consider fully the impact
of all construction activities on biodiversity”



are insufficient and further developments/
improvements are needed.

So how do buildings affect biodiversity then
¢ According to Brian Edwards, this happens
through the roof, walls, landscape as well
as the materials considering their sourcing,
assembly and disposal.  Furthermore any
resources needed during the use of the
building, such as energy or water and any
potential “adverse effects of buildings in terms
of air and water pollution” should be thought
O{. 58

Another attempt at describing the elemental
poinfs to consider while developing «
biodiversity aware building comes from the
European Environment Agency (EEA). They
underline the importance of establishing an
“ecological baseline” before the development
and then aim at strengthening this. Designers
should create “habitat opportunities” and link
these to other habitats further away and they
should also create “opportunities for humans

" 59

and nature to interface”.

It is inferesting to note that these two different
recommendations on how to approach
biodiversity through a built  development
focus on different things, one on more indirect
consequences for biodiversity and the other
one on the direct ways of addressing the local
flora and fauna.



4. LESSONS LEARNED FROM
LANDSCAPE ARCHITECTURE

With a relatively limited amount of resources
considering  guidelines  for  biodiversity
implementation, the field of Landscape
Architecture  might have cerfain  answers
that could be translated info architecture.
Unfortunately in this field too, there is an
apparent lack of translational  guidance
from the theorefical ideas into real world
applications.

Some approaches, although  theoretical,
do seem relevant for a biodiversity driven
architecture. In order for a development
to  contribute fowards  biodiversity, an
“inferdisciplinary approach” is  needed.®
That is why it is crucial to involve ecological
experts not only during the beginning phases
of the project but also throughout. In current
landscape design  practices  however, the
involvement of ecologists is limited to the
early stages of the development.¢’ Another
issue concerning design for biodiversity is the
common lack of “site- or species- specific”
knowledge which makes designing for these
particular places in a precise and meaningful
way quiet  problematic.®?  Furthermore
“monitoring” projects designed for biodiversity
conservation is “rarely conducted” which
leads to uncertainty whether the expected
effects are manifesting themselves ¢

4.1. LANDSCAPE FACTORS & LOCAL
FACTORS

What  can  be taken from landscape
architecture is the advice o plan for different
scales, habitats and species. A crucial step
is fo consider both, the “landscape factors”
as well as the “local factors”.¢* Landscape
factors, operate at the bigger scale, describing
the total size of an area and the consequent
species richness. The species richness is in
relation to the higher number of diverse
habitats that can be found in a bigger area
of land.

The “local factors”, define the habitat
structure ¢ and therefore “determine habitat
diversity”.¢/

The local factors are mainly defined by the
habitat structure and the habitat composition.
Perhaps the most inferesting lesson to take
away for architecture is the habitat structure. It
describes the “vertical layering of vegetation”
whichinturn “has alarge influence on the level
of biodiversity”. ¢® The habitat composition is
specifying the flora found in the habitat. It has
been concluded that “the more diverse the
flora composition, the larger the diversity of
fauna” will be in that habitat. ©7

In regards to architecture, the local factors can
be a very important tool to address biodiversity.
Especially for “highly mobile species” like
birds for example the local habitat quality
can be crucial. This is due to the importance
of “particular structural  features”  which
provide opportunities for shelter or nesting.”
In the architectural context this means that
providing enough diverse conditions through
the use of layered vegetation features should
be beneficial for various animals potentially
finding shelter within the complex local
vegelation structure of the building.

4.1. HABITAT QUANTITY & HABITAT
QUALITY

It is important to underline the difference
between habitat quantity and habitat quality.
While habitat  quantity depends on  the
habitat area and its  connectivity, habitat
quality is largely defined by habitat structure
and habitat composition. Both, quantity and
quality contfribute towards biodiversity but
the quantity does not necessarily implement
the habitat quality. Whereas a larger habitat
quantity does usually lead to a higher number
of species, the habitat quality can generate
the specific conditions needed for a target
species. ”



5. DESIGN FOR BIODIVERSITY

5.1. HOW CAN BIODIVERSITY BE
ADDRESSED THROUGH
ARCHITECTURE ¢

An inherent difficulty when thinking about
coupling architecture to biodiversity is the
static element of architecture juxtaposed to the
dynamic character of the natural systems.”?
This however could be overcome through
a thorough understanding of the local
biodiversity leading to a coherent design,
responding fo the specific local biodiversity
needs.

5.2. 8 STEPS TOWARDS BIODIVERSITY

A project with the intenfion to confribute
towards biodiversity should consider 8 main
steps.

1. Analyze and Assess the area across
multiple scales

This initial step is about getting to know the
place one will be working with. As mentioned
earlier, the importance of uncovering the
characteristics of a specific place is one of
the chore principles of the regenerative theory
as well. In this case the ecosystems should
be studied and the underlying connections
should be understood.

2. Decide for a strategic plot (if possible)
Resulting from the “uncovering of the place”
/3 cerfain areas of inferest should stand
out. These will be areas that should not be
disturbed at all, zones that might require
some sort of biodiversity improvements and
areas that could host a potential architectural
development. This again can be referred back
fo the regenerative theories, where such areas
of interest are defined as “nodes”, points
where a high concentration of flows intersect.

3. Determine the Biodiversity Baseline
(make ecological assessment)

Once the right building plot has been decided
on, an ecological assessment will have to be

conducted. This will try fo give an as good
as possible representation of the health and
functioning of the biodiversity on that plot. It
might highlight potential shortfcomings and
help guide developers into assessing which
biodiversity actors to focus on. For this highly
specific task, it is best to collaborate with an
ecological expert.

4. Set Biodiversity Targets

The ambitions of the project have to be
defined in accordance to the findings from
the ecological assessment. The “appropriate
scale” 74 required to achieve the ambitions of
the project should be fixed. Target species will
be decided on and long-term goals should
be discussed.

5. Create and/or retain the specific
conditions for potential habitats

During the design process, the conditions
necessary for the desired flora and fauna will
have 1o be infegrated. Concerning the flora,
it is important fo underline that only native
species should be planted with the exception
of exceptional benefits  from non-native
species provided that they are not invasive.
The plants used should provide “food (nectar,
pollen, fruit, leaves) and/or shelter”. 75

Any potential space created by a project
can be seen as an opportunity to create the
conditions required for a potential habitat.
“Roofs, Walls, Balconies, |...]paths” could be
utilized for example. 76

It is crucial to choose the right locations in
terms of placement within the project as
well as orientation towards the sun, wind or
rain. Furthermore distances and connections
between certain flora and fauna will have
to be designed in a well thought through
manner.

In most cases the ecological assessment
identifies already valuable biodiversity assets
on the plot which then need to be protfected.
In general one should “refain mature frees,
hedges and vegetation of value to wildlife”.
/7 This step essentially focusses on the “local
factors” and therefore on the “habitat quality”
mentioned earlier in the report. /8



6. ensure connections between different
habitats

In order to have a lasting impact, the habitats
created within a singular building for example
should be part of a larger system of habitats.
Connectfions on a smaller scale (within 1
building) as well as connections on a larger
scale (in the surrounding area) should both
be taken care of. This will be made possible
through the good understanding of the
ecosysterm on a larger scale established during
the first step of the assessment. A new building
will most  probably “create  unnecessary
barriers to the movement of animals” /9
that is why creating diverse habitats within
the building should help reduce the building
impact. Green corridors or stepping stones
(green islands) can be used to link different
habitats over longer distances.

The potential habitats  created  within an
architectural project should not be seen as the
final destination of certain plants and animals
but rather as a piece within a larger system.

7. "“Design for co-living between
humans, plants and animals” ®°

This step is very important because it represents
the embodiment of a project aiming at
working with nature. A buildings chance to
succeed over a prolonged period of fime in
contributing towards biodiversity should also
showcase the mutual benefits coming out
of such a design. Many design interventions
aiming at creating habitat opportunities for
certain animals or plants do have real benefits
for the building user as well. The visual
connection fo nature can have measurable
psychological benefits for the humans living
or using the building for example. ®'

When applied in a thought through manner,
natural elements can provide shading and
cool down the incoming air while also
establishing the living conditions for certain
animals. More precise examples can be
found further on in the report.

Another potential consequence of a design
successfully managing the co-living between
humans, plants and animals  could  be

a change in awareness considering the
importance of the natural world for the
wellbeing of the human.

8. Monitoring

Monitoring the building for a prolonged
period affer completion is an important step
for the developers to observe and assess
which design inferventions worked and which
did not. It is through this simple empirical
approach that one can learn from past
mistakes and improve on them in order to get
a better understanding of the issues and apply
this knowledge on better solutions in future
projects focusing on biodiversity. &2

w



6. PROJECT LOCATION

BIODIVERSITY OF HALMAHERA ¢

This paper being written in relation to an
architectural graduation project exploring the
human-nature interrelationships in the context
of an archipelago in north-east Indonesia,
the following architectural elements  will
be illustrated within that specific context.
Showcasing examples with local flora and
fauna.

This particular area in north east Indonesia
is part of an “important part of the region
known as Wallacea, which contains a very
distinctive fauna representing a mix of Asian
and Australasian species” ® and according to
the “Koppen climate zone system” this region
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is classified as a “tropical wet climate zone”.

The “natural vegetation is tropical lowland
evergreen and semi-evergreen forest” . ® This
region has “almostoptimal growth conditions”
resulting in most trees being higher than 30
meters. The “overall biodiversity is low” but
the “overall endemism is moderate to high”
resulting in “perhaps the highest levels of
endemism” for this size ecoregion anywhere
in the world. The Halmahera Rain Forests
ecoregion has a low number of mammals,
“only thirty-eight species” out of which eight
are endemic. Considering the bird species
however, it is an exceptional region. A tfofal
of 223 bird species can be found in this part
of Indonesia, out of which “an astounding
twenty-six are found nowhere else in the
world.” 8¢

The exemplary building of the graduation
project however, will not be on Halmahera
but on a smaller island instead. It is therefore
inferesting to consider what this means for
the biodiversity. According to Elaine Fisher,
a marine conservationist, “island ecosystems
appear to be less resilient than mainland
systems”. This is due fo the smaller natural
system, made out of less actors, present
in a smaller, more isolated piece of land.
In general an island ecosystem has “fewer
species per unit area than on mainland” as

well as “disharmony” meaning that there
can be a “different balance of species” than
on mainland. The “increased vulnerability”
means that any infervention within this system
will have to be made carefully and with
biodiversity in mind. &



7. THE ROLE OF THE BUILDING

7.1. WHICH ARCHITECTURAL
ELEMENTS CAN CONTRIBUTE
TOWARDS BIODIVERSITY ¢

This paper aims to lay out in a clear and
simple manner how an architect/developer
can contribute to biodiversity with a building.
In order fo provide a better overview different
categories of how a building can address
biodiversity have been defined.

on the building
around the building

outside the building
within the building

7.2. ON THE BUILDING
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7.2.1 GREEN ROOF

Generally the roof offers a large space
available to be used for contributing fowards
biodiversity. Building up a green roof creates
a large green area with different potential
habitats potentially benefiting multiple plants
and animals. For the vegetation, native plants
adapted to the harsher conditions should be
chosen. The resulting green roof “can be
supporting a whole range of invertebrates”
8 fike insects, spiders, worms and beefles for
example. ¥ It is important to underline that
with the green roof being high above the
actual ground, a different type of habitat is
being created. This means that a green roof
does “not directly compensate” 7 for the
inifial ground on which the building has been
constructed.

It can however create opportunities to thrive
for different species like certain butterflies or
birds for example. In general there will be @
contribution towards biodiversity since the
conditions for native plants are being created,
leading 1o the arrival of invertebrates looking
for food, which in turn will aftract bigger
animals like birds for example. The “array
of insects and the seeds produced by the
flowering plants” constitute a good source of
food for a range of birds. 7' However next to
the promising prospects for biodiversity, it is
important to make clear that “green roofs are
considered hostile environments for numerous
species and the list of those that could adapt
and survive high temperatures, dry conditions,
and space limitations is scarce.” 72

There are three types of green roofs.
Extensive green roofs, which are rather shallow
and lightweight, do not require any active
irrigation or maintenance and therefore only
accommodate plants that are used to harsh
conditions. With the substrate depth being
“one of the key features that determine plant
diversity and performance”, extensive roofs
have less options considering the vegetation
and the “desired conditions” are strongly
dependant on “the moisture retention layer
and substrate composition”. 7% (70-150mm)
Infensive green roofs are deeper, allowing
fo have more subsirate creating  better
conditions for a larger variety of plants which
in furn attracts more diverse animals. This roof
however requires maintenance and irrigation.
(20-30mm)

Semi Infensive green roofs, which use
principles of both before mentioned roofs,
usually resulting in a lower maintenance
budget compared to an intensive roof.

For the examplary case of a small scale
residential building located on an archipelago
in north-east indonesia the choice has been
made for an extensive roof, due to the lower
mass beneficiary for a building located in a
location prone fo earthquakes. The choice
for the right vegetation is complicated since
“few considerations have been given to which



species would be suitable for green roofs in
the wet tropics”. 7°

Next fo the potential biodiversity benefits the
mass of the green roof provides “thermal
stabilization” which in combination with the
“evaporative cooling” of a vegetation layer
leads to a decrease of 1.5°C for the indoor
temperature of a building.? A green roof
furthermore helps to buffer “storms  with
infense rainfall” by retaining rainwater and
only releasing it over fime. 78 With rainwater
harvesting for human consumption in mind,
a downside will be that rainwater will be
polluted by organic matter leaking from the
soil. 77

From the little information available of the
local fauna and flora, potential examples of
plants could be 3 types of orchids (Vanda
Orchid, thrixspermum, aporum) as well as
morning glory (Convolvulaceae). A potential
bird species which occurs on the archipelago
could be the Rainbow Bee Eater for example.
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7.2.2. WINDOW

Windows can be especially problematic for
birds, which collide regularly with the, for
them invisible, glass plane. A collision that for
many of them ends in death. '% In order to
prevent these collisions there are an array of
possibilities.

Silhouettes of birds can be put on windows,
resulting in lesser collisions for example.

A specific kind of UV light reflecting glass
makes it clearly visible for birds and can avoid
collisions.'!

Tinted or non-reflective glass can also be
beneficial. Downward angled glass will reflect
the ground instead of the sky and therefore be
recognized as an obstacle for birds.

Another solution could be vertical lines in the
glass (2cm wide & 10cm apart) which again
should make the glass plane visible for the

birds.'9?

I ——

For the examplary case of a small scale
residential building located on an archipelago
in north-east indonesia a viable option
could be a downward angled window in
combination with wooden vertical battens
(20mm wide) in front of the glass plane. By
combining these two low-tech solutions the
resulting window should be fitting for the
context the exemplary building will be located
in.



7.2.3. FOUNDATION

In the case of the examplary a small scale
residential building located on an archipelago
in north-east indonesia, the foundation also
presents an opportunity fo create opportunities
for biodiversity. The building will be elevated
from the ground standing on timber piles
which in turn stand on foundation blocks. This
is due fo the presence of fermites requiring @
minimum height of 400mm from the ground.

A potential solution could be achieved by
using dead coral rock as a foundation block.
This could form the equivalent of a so called
“insect-hotel”, a structure that is extremely
porous and therefore offers a mulfitude of
niches and crevices should be very aftractive
for all sorts of invertebrates seeking shelter
from wind and rain. In order fo provide the
right conditions to affract these animals, the
coral rock foundations should be located
on the sun exposed side (in this case the
north side) as well as in close proximity of
“nectar and pollen-bearing flowering plants,
shrubs and trees”.'® It is interesting fo notfe
that the structural properties of coral stones
as foundations seem to be sufficient as well.
Considering the compressive strength of coral
rocks, it is similar to a medium grade concrete.
This concludes that it “could be adequate for

domestic constructions” .’
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7.2.4. FOUNDATION POLE

As mentfioned beforehand the exemplary
small scale residential building will stand on
pillars, which again might offer an opportunity
to create habitat for cerfain animals. In the
case of an archipelago located in north-
east Indonesia, certain ground nesting birds
especially in proximity fo a fresh water source
might be inclined fo stay there. A nesting box
could be installed on some of the foundation
piles. Aslong as the shelteris on close proximity
of abundant food sources, the rainbow bee-
eater might be a potfential species to inhabit
these.

7.2.5. GREEN WALL

The walls of a building present a great
opportunity fo design the right conditions
for plants to grow, affracting invertebrates
which will in turn aftract birds coming for the
multiple food sources. Often dense green
walls can offer good shelter for certain birds.
In order to create the best chances for this to
happen, it is crucial to use native plants that
are “nectar rich, berry bearing and drought-
tolerant”.'% Furthermore it is important fo
consider the orientation of the sun relative fo
the different facades, as this will “define which
types of plants can be used”.'% In regards
to the sun, a green wall can be beneficial in
providing shade especially on low sun angles,
preventing the sun to heat the building walls.

There are two types of green walls,
an irrigated modular green wall system, which
requires much more care and maintenance



can be used in cases where there is no
access to the ground and soil. The individual
planting boxes need a mounting system and
irrigation is most often mechanical. “for true
sustainability” it is suggested to irrigate “via
rain or grey water systems”. 1%

A more cost effective and simpler version of
a green wall is achieved by using climbing
plants (vines for example) with a supporting
system, made out of thin cables for example.
These systems require less maintenance and
can offen be naturally irrigated.

In the case of the exemplary a small scale
residential building located on an archipelago
in north-east Indonesia, the more low fech
solution seems most fitting. Especially since
the scale of the building allows for a direct
connection to the ground of these supporting
cables on which the vines will be able to
grow. The green double facade not only
benefits the local animals but also the human
inhabitants, since the cavity between the walll
and the greenery creates “an insulating layer
of air”. 1%

In case of an opening behind the green
facade allowing for air to flow through the
plants and the building, such a green facade
can lower the inside femperature to up to 6°C
within the specific case of a tropical climate.
This however will also lead to an increase of
the inferior air humidity of the building. ™7

The plants to be used within the case study
could be the CONVOLVULACEAE (Morning
Glory)  and FLAGELLARIA INDICA. The
nectar rich flowers of the “Morning Glory”
could aftract invertebrates like local butterflies
for example and the Black sunbird (nectarine
Aspiasa) for example.

7.2.6. EAVE

In close proximity to the green elements
created on the same building, the eave
presents ifself as a sheltered space ideal for
nesting boxes for local birds. These potential
habitats are suitable for birds that are usually
nesting in hollow tree frunks. The nesting boxes
should not be placed above windows and not
on the sun side of the building. Furthermore
the access should be kept obstacle free and
vertical plants should be accessible within
5 meters of their nests, offering food and
shelter.'?

In the case of the exemplary a small scale
residential building located on an archipelago
in north-east Indonesia, the eave facing south,
east and west might be an opfion. Together
with the green facades and roof, ample food
and shelter should be available in order to
provide some of the local bird species with
the right conditions to serve as a habitat for
them. In this case the “Golden Bubul”, a bird
species endemic to the specific archipelago,
might be a potential inhabitant.




7.3. AROUND THE BUILDING
7.3.1. WASTE TREATMENT

What a lot of people consider as waste can,
it treated correctly, be a great resource fo
be used for other needs, like irrigation or
fertilizing for example. For Biodiversity this
means that plant growth can be enhanced
through the use of ferfile compost as well as
clean irrigation water. A separation has fo be
made between grey water and black water,
both coming out of the building.

Black water being constituted by the biological
waste created by the inhabitants should be
regarded as part of the building planning and
strategy for its impact on biodiversity. Once
one sees waste not as waste but as a source
of energy that can be recycled and used 1o
fertilize soils for example, new opportunities
arise. If the aim of the project is to also grow
food on the property, composting becomes an
inferesting option. For the exemplary building
this research is involved in, the isolated
situation on an island makes composting a
very convincing strategy since it omifs any
need for a major waste freating infrastructure.

With the goal of composting human waste,
a regular toilet will not work, instead «a
waterless foilet which allows to collect the
waste is needed. Next o recycling valuable
nutrients, a waterless toilet also allows to safe
between 7000 and 150000 liters of water
per year per person.''" In combination with
the right material to cover the excrements,
a separation between liquid and solid
waste is not needed. The covering material
should be a “clean carbon-based organic
material fo prevent odor, absorb moistures
and prepare the material for composting.”
Sawdust from timber processing, coconut
fiber or roften leaves are examples of usable
cover materials. The filled collection buckets
will have to be dumped into an “above-
ground pile” which has to be covered from
rain to avoid additional moisture and any
temperature drop off that could hinder the

necessary chemical reactions happening
inside of the composting pile. After one year,
once the potential pathogens are neutralized
and the curing period is completed, it can
be used as a ferilizer “to grow plants, frees,
vines, shrubs and flowers”.

112

7.3.2. FILTRATION SYSTEM

Thegreywatercomingoutofthe buildingcanbe
filtlered with the help of a constructed wetland.
These constructed systems use a combination
of microorganisms within the root system of
the reed plants embedded in a basin filled
with inert materials like “granular leca”
an expanded clay lightweight aggregate
for example. A constant water flow, which
“remains under the surface” will run through
the reed bed made possible by a height
difference between the in- and outlet. The
pathogens in the grey water will be reduced
by running through “multiple transformation
pathways” created by altlernating  zones
containing  “different  specialized  families
of microorganisms”, resulting from higher
oxidation of the water around the roof
systems. '?

For the exemplary building, the “subsurface
flow wetland” will be constructed with «a
“sand or gravel bed” and the reed used



will be “Phragmites Australis” which exists in
Indonesia but not on the archipelago. It will
be important to contain this species exclusively
to the reed bed since it is not an actual native
species. lis suitability for “alternating wet and
dry conditions, makes it one of the best water
clearing plants for the fropics” however, is a
property which motivates the use of this non-
native species. '

A constructed wetland not only allows to filter
and reuse greywater from a building without
the need of any chemicals or specifically
manufactured  fillers but also  creates a
biodiverse feature outside of the building. The
reed plants will attract all sorts of insects which
in furn constitute a great source of food for
many bird species. Especially in combination
with the various other habitats created on the
building, this additional food source could be
part of a range of conditions appealing to the
“moustached freeswift” for example a bird
species which occurs on the archipelago.

7.3.3. ELEVATED PATH

In order to reduce the impact on the constant
circulation between different buildings  or
areas on a plof, one might consider the use

of elevated pathways. By leaving the ground
beneath undisturbed, the elevated walkway
will “improve seedling survival” and can
become an aftractive potential habitat for
plants, insects and “small wildlife”. In order
to not block the sunlight from reaching the
ground, the wooden decking will have to be
installed with sufficient gaps in between while
the height of the walkway should not be oo

low, 119

7.3.4. ARTIFICIAL LIGHT

When designing a building that should not
disturb the local wildlife, it is important fo
consider the use and impacts of artificial
light during the night. Artificial light disturbs
invertebrates, birds, amphibians, fish and
mammals alike. Often the effects can be
devastating. . In the case of flying insects for
example, “it is estimated that as many as a
third of flying insects that are aftracted fo street
lights will die as a result of that encounter”. '
Light can also harm invertebrates indirectly
when shiny surfaces reflect the light, it will
attract “egg-laying females away from water”
""" "where they should be laying there eggs.
As for birds, unnatural behavior has been
observed as well. For example some birds
start singing next to artificial light which could
lead to a continual lack of sleep potentially
resulting in a disturbance of the breeding
season in the long term.""® In conclusion one
can say that artificial light should be avoided
as this will in some way disrupt the natural
cycles of the animals living in that area.

For the exemplary case of a small scale
residential building located on an archipelago
in north east Indonesia, artificial lighting
should be kept to a minimum. Lights should

20



only be on when needed and should never
be “upward pointing”. Additionally, “narrow
spectrum bulbs” should be used since they
“emit minimal UV light and avoid white and
blue wavelengths” therefore affracting less
insects. '”

7.4. WITHIN THE BUILDING

On the smallest scale, the surface of the
materials can offer a potential habitat for
mosses and lychens which despite their small
sizes are considered an “important part of
biodiversity”. Within them “a microscopic
world” is manifesting itself including creatures
like “rofifers, tardigrades and nematodes.”
120 The material surface of these bioreceptive
materials has fo have various cracks and
crevices in which microclimates can emerge,
allowing for water refention, water storage
and nutrient accumulation and consequently
allowing mosses and lychens to grow.
Contrary o some misconceptions,  this
greenery on a wooden facade for example
does not harm the wood, since the plants are
epiphytes, which means that they derive all
nutrients and moisture from the environment
without harming the substrate. '?!

7.5. OUTSIDE THE BUILDING

It is important to see the different building
elements and their biodiversity potential not
isolated from each other. These different parts
of a building all have unique potential and
can together form an affractive environment
for several plants and animals to flourish.
While some areas are befter at providing
food, others will be more interesting o provide
shelter. This inferconnected system works over
multiple scales. From the building elements
towards the building related interventions
like the constructed wetland for greywater
purification all the way towards the buildings
in its proximity for example.  The ambition
should always be fo create “opportunities for
positive connections” between the designed
building  “with  adjacent  buildings  and

surrounding natural systems”. 122



8. CONCLUSION

As the consequence of our current practices
are being felt and recognized increasingly,
the call for a paradigm shift grows louder.
A shift, as Cole and Du Plessis describe,
“that acknowledges the world as a complex,
dynamic system” '# Aware that the built
environment and generally how people
live, does have a considerable impact on
the natural world of which we are a part
and therefore dependent of, different ways
of “designing, producing, building and
consuming” '?* should be explored.

The Regenerative theory which shares the
same ambitions sees a broad “change in
perception” of the people towards the world
they live in as the core solution in order to
arrive at a notable positive change. % Clear
practical guidelines for a regenerative design
however are not well described yet posing «
hurdle for its implementation. Furthermore
the importance of biodiversity and the lack
of addressing it within the built environment
are underlined. Attempting fo lay out a basic
approach for designing towards biodiversity
that can be followed by an architect or
developer, certain pracfices from the field
of landscape architecture are explored
and applied. Finally the potential to play «
supportive role fowards biodiversity of a smalll
scale residential building is identified and
context specific examples of different building
elements and their biodiverse potential are
displayed.

This paper is intended to give a brief overview
as well as simple pracfical examples of how
a small scale building could create the right
conditions which the local fauna and flora
could find useful.

While the proposed solutions should work
in theory it is not sure at all whether they will
work in practice. This paper therefore gives
suggestions  but no  promised  solutions.
Furthermore it has to be underlined that in
order to have the best possible design for
biodiversity it is imperative to work fogether
with an ecologist or biologist specialized on
the local fauna and flora throughout the

entire design phase of the project as well as
the monitoring phase affer complefion.

For further research it would therefore be
highly valuable to work together with such an
expert in order to set up more precise arec
specific guidelines. This could be a much
needed step towards a built environment
that has “nef positive environmental benefits
for the living world”."?¢ Which could then be
used by any architects and developers from
that area.

272



9. REFERENCES

1. Kucher, M., &amp; Chew, S. C. (2002).
World Ecological Degradation: Accumulation,
Urbanization, and Deforestation 3000 B.C .-
A.D. 2000. Environmental History, /(4).
https://doi.org/10.2307/3986072

2. Steffen et al. (2015). Aricle: Planetary
Boundaries: Guiding Human Development
on a Changing Planet. Journal of Education
for Sustainable Development, 9(2). https://
doi.org/10.117/7/0973408215600602¢

3. Day, J. W., & Rybczyk, J. M. (2019, January
25). Global change impacts on the future of
coastal systems: Perverse interactions among
climate change, ecosystem degradation,
energy scarcity, and population. Coasts and
Estuaries. Retfrieved December 1, 2021,
from htips://www.sciencedirect.com/science/

article/pii/B?780128140031000368.

4. Marina Alberti, John M. Marzluff, Eric
Shulenberger,  Gordon  Bradley,  Clare
Ryan,  Craig  Zumbrunnen,  Integrating
Humans  into Ecology:  Opportunities
and  Challenges  for  Studying  Urban
Ecosystems,  BioScience,  Volume 53,
Issue 12, December 2003, Pages 1169—
1179, https://doi.org/10.1641/0006-
3568(2003)053[1169:IHIEOA]2.0.CO;?2

5. United Nations Environment Programme
(2020). 2020 Global Status Report  for
Buildings and Construction: Towards a Zero-
emission, Efficient and Resilient Buildings and
Construction Sector. Nairobi

6. United Nations Environment Programme
(2020). 2020 Global Status Report  for
Buildings and Construction: Towards a Zero-
emission, Efficient and Resilient Buildings and
Construction Sector. Nairobi

/. M.M.Fricke (2020). Advanced
Seminar  Circular  Economy  Sustainability
Management: Circular Cities, Case Study An
island perspective on a circular built

8. Gunnell, K., Murphy, B., & Williams, C.

(2013). Designing for biodiversity: A technical
guide for new and existing buildings. RIBA
Publ.

9. Cambridge Dictionary. (2021, December
1).  regeneration  Bedeutung,  Definition
regeneration: 1. the act of improving a place
or system, especially by making it more active
or successful: 2. . .. Dictionary.Cambridge.
Org.  https://dictionary.cambridge.org/de/
worterbuch/englisch/regeneration

10.  Chrisna du Plessis (2012) Towards
a regenerative  paradigm  for  the
built  environment,  Building  Research
& Information,  40:1, 7-22, DO
10.1080/09613218.2012.628548

11. Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

12. Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

13. Wyle, J. T (1996). Regenerative Design
for Sustainable Development (Revised ed.).
Wiley.

14, Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

15. Mollison, B. C., Slay, R. M., & Jeeves, A.
(1988). Permaculture. Tagari Publications.

16. Lyle, J., & Woodward, J. (1999). Design
for Human Ecosystems: Landscape, Land
Use, and Natural Resources (First Printing
ed.). Island Press.

17. Mang, Pamela & Reed, Bill. (2012).



Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

18. lyle, J. T (1996b). Regenerative Design
for Sustainable Development (Revised ed.).
Wiley.

19. lyle, J. T (1996b). Regenerative Design
for Sustainable Development (Revised ed.).
Wiley.

20. lyle, J. T. (1996hb). Regenerative Design
for Sustainable Development (Revised ed.).
Wiley.

21. Du Plessis, Chrisna & Brandon, PS.
(2014). An ecological worldview as basis
for a regenerative sustainability paradigm
for the built environment. Journal of
Cleaner Production. 53. 53-61. 10.1016/].
iclepro.2014.09.098.

22, Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

23. Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

24. Regenesis Group. (2016). Regenerative
Development and Design: A Framework for
Evolving Sustainability (1st ed.). Wiley.

25. Attia, S. (2017). Regenerative and Positive
Impact  Architecture:  Learning from  Case

Studies (SpringerBriefs in Energy) (1st ed.
2018 ed.). Springer.

26. Transforming our built environment: an
infroduction fo  regenerative  development

and design. (2019, July 9). [Video].

YouTube. https://www.youtube.com/
watch2v=JioP6zXSvUs&t=Ts

27. Raymond J. Cole (2012) Regenerative
design and development: current
theory and practice, Building Research
&  Information,  40:1, 1-6, DOl
10.1080/09613218.2012.617516

28. Ungard-Benne, Beafrice & Mang,
Pamela. (2015). Working Regeneratively
Across  Scales— Insights  From  Nature
Applied to the Built Environment. Journal

of Cleaner Production. 109. 10.1016/].
iclepro.2015.02.037.

29. Ungard-Benne, Beafrice & Mang,
Pamela. (2015). Working Regeneratively
Across  Scales— Insights  From  Nature
Applied to the Built Environment. Journal

of Cleaner Production. 109. 10.1016/].
iclepro.2015.02.037.

30. Ungard-Benne, Beatrice & Mang,
Pamela. (2015). Working Regeneratively
Across  Scales— Insights  From  Nature
Applied to the Built Environment. Journal

of Cleaner Production. 109. 10.1016/].
iclepro.2015.02.037.

31. Regenesis Group. (2016). Regenerative
Development and Design: A Framework for
Evolving Sustainability (1st ed.). Wiley.

32. Regenesis Group. (2016). Regenerative
Development and Design: A Framework for
Evolving Sustainability (1st ed.). Wiley.

33. Raymond J. Cole (2012) Regenerative
design and development: current
theory and practice, Building Research
&  Information,  40:1, 1-6, DOl
10.1080/09613218.2012.617516

34. Shady Attia (2016). Towards regenerative
and  positive  impact  architecture: A
comparison of two net zero energy buildings,
Sustainable Cities and Society, Volume 26

24



35. Akturk, Aysegul. (2016). Regenerative
Design and Development for a Sustainable
Future:  Definitions and  Tool Evaluation.
Retrieved from the University of Minnesota
Digital ~ Conservancy,  https://hdl.handle.
net/11299/182113

36. Raymond J. Cole (2012) Regenerative
design  and development: current
theory and practice, Building Research
&  Information,  40:1, 1-6, DOl
10.1080/09613218.2012.617516

37. Maibritt Pedersen Zari (2017) 2
Ecosystem services analysis: Incorporating
an understanding of ecosystem  services
info built environment design and materials
selection, In Woodhead Publishing Series in
Civil and Structural Engineering, Materials for
a Healthy, Ecological and Sustainable Built
Environment, Woodhead Publishing, Pages
29-63, ISBN 9780081007075, htips://
doi.org/10.1016/B973-0-03-100707/-
5.00002-2.

38. Ungard-Benne, Beafrice & Mang,
Pamela. (2015). Working Regeneratively
Across  Scales— Insights  From  Nature
Applied to the Built Environment. Journal
of Cleaner Production. 109. 10.1016/].
iclepro.2015.02.037.

39. Mang, Pamela & Reed, Bill. (2012).
Regenerative  Development and  Design.
Encyclopedia  Sustainability — Science &

Technology. 1. 8855. 10.100//9/8-1-4614-
5828-9 303.

40. Cole R, (2010) New Confext, New
Responsibilities: Building Capability

41, Raymond J. Cole (2012) Regenerative
design  and development: current
theory and practice, Building Research
&#x26; Information, 40:1, 1-6, DO
10.1080/09613218.2012.617516

472, Attia, S. (201/b). Regenerative and
Positive Impact Architecture: Learning from

Case Studies (SpringerBriefs in Energy) (1st
ed. 2018 ed.). Springer.

43. Gunrell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (1st
ed.). RIBA Publishing.

44, Bayon, Ricardo & Lovink, J. & Veening,
Wouter.  (2000).  Financing

Conservation.

Biodiversity

45. Pimm, S L. (2021, September 14).
biodiversity. Encyclopedia Britannica. https://
www.britannica.com/science/biodiversity

46, National  Geographic  Society.
(2019, June 6). Biodiversity. https://www.
nationalgeographic.org/encyclopedia/
biodiversity/

47. Schwarz, N., Moretti, M., Bugalho, M.
N., Davies, Z. G., Haase, D., Hack, J., Hof,
A., Melero, Y., Pett, T. J., & Knapp, S. (2017).
Understanding biodiversity-ecosystem service
relationships in urban areas: A comprehensive
literature  review. Ecosystem services, 27/,

161-171. https://doi.org/10.1016/].
ecoser.201/.08.014

48. Secrefariat  of the Convention on
Biological Diversity (2000) Sustaining life on
Earth. ISBN 928071904 =1, www.cbd.

int

49 WWF (2020) Living Planet Report 2020

Bending the curve of biodiversity loss.
Almond, R.E.A., Grooten M. and Petersen, T.
(Eds). WWE Gland, Switzerland.

50. WWF (2020) Living Planet Report 2020

Bending the curve of biodiversity loss.
Almond, R.E.A., Grooten M. and Petersen, T.
(Eds). WWE Gland, Switzerland.

51. Woodall and Crowhurst, (2003) R.
Woodall, D. Crowhurst Biodiversity Indicators
for  Construction  Projects,  Construction
Industry Research and Information Association

25



(CIRIA), London (2003)

52. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

53. Lesley Evans Ogden, Does Green Building
Come up Short in Considering Biodiversity?:
Focus on a growing concern., BioScience,
Volume 64, Issue 2, February 2014, Pages

83-89, https://doi.org/10.1093/biosci/
bit019
54, Maibritt  Pedersen  Zari  (2012)

Ecosystem services analysis for the design
of regenerative built environments, Building
Research & Information, 40:1, 54-64, DOI:
10.1080/09613218.2011.628547

55. DEARBORN, D. C., & KARK, S.
(2010). Motivations for Conserving Urban
Biodiversity. Conservation Biology, 24(2),
432-440. https://doi.org/10.1111/.1523-
1739.2009.01328 x

56. Alex Opoku, (2019)

Biodiversity and the built environment:
Implications for the Sustainable Development
Gouals (SDCs),

Resources, Conservation and Recycling,
Volume 141,

Pages 1-7/,

ISSN 0921-3449,
https://doi.org/10.1016/7.
resconrec.2018.10.011.

57. Alex Opoku, (2019)

Biodiversity and the built environment:
Implications for the Sustainable Development
Gouals (SDCs),

Resources, Conservation and Recycling,
Volume 141,

Pages 1-7/,

ISSN 0921-3449,
https://doi.org/10.1016/7.
resconrec.2018.10.011.

58. Edwards, B. (2010). Rough guide to

sustainability. (3 ed.) RIBA Publishing

59, European  Environment  Agency.
(2010, December). EU 2010 biodiversity
baseline (No. 12/2010). Office for Official
Publications of the European Union. https://
doi.org/10.2800/6160

60. Ahern, J.F (2007). Green Infrastructure
For Cities The Spatial Dimension.

61. Ahern, J.F (2007). Green Infrastructure
For Cities The Spatial Dimension.

62. Ahern, J.F (2007). Green Infrastructure
For Cities The Spatial Dimension.

63. Ahern, J.F (2007). Green Infrastructure
For Cities The Spatial Dimension.

64. Beninde, J., Veith, M., & Hochkirch, A.
(2015). Biodiversity in cities needs space: a
meta-analysis of factors determining intra-
urban biodiversity variation. Ecology Letters,
18(6), 581-592. https://doi.org/10.1111/
ele. 12427

65. Mark A. Goddard, Andrew J. Dougill,
Tim G. Benton, (2010)

Scaling  up  from gardens:  biodiversity
conservation in urban environments,

Trends in Ecology & Evolution,

Volume 25, Issue 2,

Pages 90-98,

ISSN 0169-5347

66. Beninde, J., Veith, M., & Hochkirch, A.
(2015). Biodiversity in cities needs space: a
meta-analysis of factors determining intra-
urban biodiversity variation. Ecology Letters,
18(6), 581-592. https://doi.org/10.1111/
ele. 12427

67. Petra Severijnen, 2018, Biodiversity By
Design, Maximising the biodiversity potential
of Rivierenwijk, Utrecht by landscape
architecture design

68. P Farinha-Marques, J.M. Lameiras, C.

26



Fernandes, S.Silva&F. Guilherme (201 1)Urban
biodiversity: a review of current concepts and
contributions to multidisciplinary approaches,
Innovation: The European Journal of Social
Science Research, 24:3, 247-271, DO
10.1080/13511610.2011.592062

69. Claudia Bréuniger, Sonja Knapp, Ingolf
Kuhn, Stefan Klotz,(2010)

Testing faxonomic and landscape surrogates
for biodiversity in an urban setting,
Landscape and Urban Planning,

Volume 97, Issue 4,

Pages 283-295,

ISSN 0169-2046,
https://doi.org/10.1016/7.
landurbplan.2010.07.001.

/0. P Farinha-Marques, J.M. Lameiras, C.
Fernandes,S.Silva&F. Guilherme (201 1)Urban
biodiversity: a review of current concepts and
contributions to multidisciplinary approaches,
Innovation: The European Journal of Social
Science Research, 24:3, 247-271, DO
10.1080/13511610.2011.592062

/1. Petra Severijnen, 2018, Biodiversity By
Design, Maximising the biodiversity potential
of Rivierenwijk, Utrecht by landscape
architecture design

/2. Edwards, B. (2010). Rough guide to
sustainability. (3 ed.) RIBA Publishing.

/3. Mang, Pamela & Reed, Bill. (2012).
Designing  from place: A regenerative
framework  and  methodology.  Building
Research &  Information.  40. 23-38.
10.1080/09613218.2012.621341.

/4. Petra Severijnen, 2018, Biodiversity By
Design, Maximising the biodiversity potential
of Rivierenwijk, Utrecht by landscape
architecture design

75. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

76. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (1st
ed.). RIBA Publishing.

/7. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (1st
ed.). RIBA Publishing.

/8. Rosenzweig,  Michael.  (2003).
Reconciliation ecology and the future of
species diversity,. Oryx. 37. 194 - 205.
10.1017//50030605303000371.

79. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (1st
ed.). RIBA Publishing.

80. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (1st
ed.). RIBA Publishing.

81. Fuller, R. A, Irvine, K. N., Devine-
Wright, P, Warren, P H., & Gaston, K. J.
(2007). Psychological benefits of greenspace
increase  with  biodiversity. Biology Letters,
3(4), 390-394. https://doi.org/10.1098/
rsbl.200/.0149

82. Lovell, S. T., & Johnston, D. M. (2009).
Creating multifunctional  landscapes:  how
can the field of ecology inform the design of
the landscape? Frontiers in Ecology and the
Environment, 7(4), 212-220. https://doi.
org/10.1890/070178

83. Southeastern Asia: Islands of Halmahera,
Moratai, | Ecoregions | WWFE (2021,
December 1). World Wildlife Fund. https://
www.worldwildlife.org/ecoregions/aa0106

84. Mittermeier, R. A., Myers, N., Thomsen,
J. B., Gustavo A. B. da Fonseca, & Olivieri,
S. (1998). Biodiversity Hotspots and Major
Tropical Wilderness Areas: Approaches to
Setting Conservation Priorities. Conservation

27



Conservation  Biology, 12(3), 516-520.
hitp://www.jstor.org/stable/2387233

85. Stattersfield, A.J., M.J. Crosby, A.J. Long,
D.C. Wege, (1998) Endemic bird areas of the
world: priorities for biodiversity conservation.
BirdLife International, Cambridge, United
Kingdom

86. Southeastern Asia: Islands of Halmahera,
Moratai, | Ecoregions | WWFE (2021,
December 1). World Wildlife Fund. https://
www.worldwildlife.org/ecoregions/aa0106

8/. Fischer, E. (2004), Island Ecosystems
Conservation and Sustainable Use: Problems

and Challenges, International Journal  of
Island Affairs

88. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

89. NWF (2021, December 1). National
Wildlife  Federation.  https://www.nwi.org/
Educational-Resources/Wildlife-Guide/
Invertebrates

Q0. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

91. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

92. Erica Oberndorfer, Jeremy Lundholm,
Brad Bass, Reid R. Coffman, Hitesh Doshi,
Nigel Dunnett, Stuart Gaffin, Manfred Kahler,
Karen K. Y. Liu, Bradley Rowe, Green Roofs
as Urban Ecosystems: Ecological Structures,
Functions, and Services, BioScience, Volume
57, Issue 10, November 2007/, Pages 823~
833, https://doi.org/10.1641/B571005

93. lana F Grullén — Penkova, Jess K.

Zimmerman, Grizelle Gonzdlez, (2020)
Creen roofs in  the tropics:  design
considerations and vegetation dynamics,
Heliyon,

Volume 6, Issue 8,

e047/12,

ISSN 2405-8440,
https://doi.org/10.1016/j.heliyon.2020.
e047/12.

94. What are the different types of green
roofs¢ (2021, December 1). Commons.Bcit.
Ca. https://commons.bcit.ca/greenroof/fag/
what-are-the-different-types-of-green-roofs/

95. lana F Grullébn — Penkova, Jess K.
Zimmerman, Grizelle Gonzdlez, (2020)
Creen roofs in  the tropics:  design
considerations and vegetation dynamics,
Heliyon,

Volume 6, Issue 8,

e047/12,

ISSN 2405-8440,
https://doi.org/10.1016/j.heliyon.2020.
e047/12.

96.

Buba Yenhor Alfred , Didel Mabilong Juliet,
Chukwuma Gerald Obiora, Okoro Leonard
Ofonedum, (2018).

Thermal Benefits of Green Roof in the Tropicall
Region. Case Study of Malaysia,
Infernational  Journal  of  Engineering &
Technology (IJERT), Vol.5 Issue 06

ISSN' 2278-0181

Q7. Kok, Kah Hoong, Sidek, Lariyah Mohd,
Felix, Micah Lourdes, (2016),

A Case Study of Extensive Green Roof System
for Tropical Climate in Malaysia,

Proceedings of the Korea Water Resources
Association  Conference, Korea  water
resources association

98. Kok, Kah Hoong, Sidek, Lariyah Mohd,
Felix, Micah Lourdes, (2016),

A Case Study of Extensive Green Roof System
for Tropical Climate in Malaysia,
Proceedings of the Korea Water Resources



Association  Conference, Korea  water
resources association

99. Kok, Kah Hoong, Sidek, Lariyah Mohd,
Felix, Micah Lourdes, (2016),

A Case Study of Extensive Green Roof System
for Tropical Climate in Malaysia,

Proceedings of the Korea Water Resources
Association  Conference, Korea — water
resources association

100. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

101. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

102. Anneke Blokker, Geert Timmermans,
(2018), Twenty ideasforintegrating biodiversity
in urban  planning  and  development,
Gemeente Amsterdam

103. Anneke Blokker, Geert Timmermans,
(2018), Twenty ideasforintegrating biodiversity
in urban  planning  and  development,
Gemeente Amsterdam

104. Coral as a building material, South
Pacific Commission, Technical Paper No.28
Social Development Notes No. 10, July, 1952

105. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

106. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

107. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

108. Gabriel Pérez, Lidia Rincon, Anna Vila,
Josep M. Gonzdlez, Luisa F. Cabeza, (2011)
Green vertical systems for buildings as passive
systems for energy savings,

Applied Energy,

Volume 88, Issue 12,

Pages 4854-4659,

ISSN 0306-2619

109. Widiastuti, Ratih & Prianto, Eddy & Budi,
Wahyu. (2018). Investigation on the Thermal
Performance of Green Facade in Tropical
Climate Based on the Modelling Experiment.
International  Journal  of  Architecture,
Engineering and Construction. 7. 10.7492/
IJAEC.2018.004.

110. Anneke Blokker, Geert Timmermans,
(2018), Twenty ideasforintegrating biodiversity
in urban  planning  and  development,
Gemeente Amsterdam

111. Residential Toilets. (2021, July 2). US
EPA. hitps://www.epa.gov/watersense/
residential-toilets

112. Jenkins, J. C. (2019). The Humanure

Handbook. Joseph Jenkins, Incorporated.

113. Masi, Fabio & Rizzo, Anacleto
& Bresciani, Riccardo. (2015).  Green
architecture and water reuse: examples from

different countries. Sustainable  Sanitation
Practice. 4-10.

114. Phragmites australis - PlantUse English.
(2021, December 1). Hitps://Uses.Plantnet-
Project.Org/.  hitps://uses.plantnet-project.
org/en/Phragmites australis

115, M. (2020, January 27). No fitle.
Madagascar Biodiversity Partnership.
hittps://madagascarpartnership.org/
progresskianjavato/

116. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical
Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

29



117. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

118. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

119. Gunnell, K., Williams, C., & Murphy, B.
(2013). Design for Biodiversity: A Technical

Guide for New and Existing Buildings (st
ed.). RIBA Publishing.

120, Trust, W. (2021, December 1).
What Side of the Tree Does Moss Grow
On2  Woodland  Trust.  https://www.
woodlandtrust.org.uk/blog/2020/01/moss-
and-trees/#:%/7E text=Mosses%2C%20
along%20with%20algae%20and,small%20
for%20us%20to%20see.

121. Mustata, Kazi Fahriba ,  (2020),
Geometrically  articulated  Bio-receptive
concrefe  facades,  http://resolver.iudelft.

nl/uuid:cad8e342-d22c-484f-abb6f-
{2da6d3b20ac

122. Cole R, (2010) New Context, New
Responsibilities: Building Capability

123, Du  Plessis, Chrisna &  Cole,
Raymond.  (2011).  Motivating  change:
Shifting the paradigm. Building
Research & Information.  39. 436-449.
10.1080/09613218.2011.582697.

124. Zari, P M. (2019). Regenerative Urban
Design and Ecosystem Biomimicry (Routledge
Research in Sustainable Urbanism) (1st ed.).
Routledge.

125, Bill Reed (2007) Shifting from
‘sustainability” o regeneration,  Building
Research & Information, 35:6, 674-680,
DOI: 10.1080/09613210701475753

126. Jenkin S,  Pedersen Zari M, (2009)

Rethinking our built environments: Towards
a susfainable future.  Ministry  for  the
Environment, Manatu Mo Te Taico



