DESIGN GUIDE | O
 ECOLOGICAL DESIGN MODEL

Ecological design as the biointegration of 5 sets of ecoinfrastructures to create constructed ecosystems.

Ecological design as the seamless

General SVStem (key design factors): biointegration of our built environment with

nature, hydrology, energy and human society
hydrology —
NZW (Net Zero Water)

* water management e waterways
* water conservation e seas
* water reuse & recycling ¢ snow

human society H——

* ground water * dew

* rainfall * lakes . _
NWS (Net Well-being & Happy Society)

nature * social « ecologically responsible behavior
. ec?tr]or}]ic . ﬁcologi%al rl?ﬁpor“sitl))le dieé

-- : * politica * human health well-being
NPEl (Net Posive Ecological mpact . %stitutional happiness
* biosphere * habitats * culture

* biogeochemical cycles  Species
* abiotic constituents biodiversity
* biotic constituents ~ « biomes

* gcosystems

constructed ecosystems
NZW/ E (Net Zero Waste,/ Emissions)

* e« fechnological systems ~ « low embodied energy
* buitt environment systems « large scale electricity

NZE / C (Net Zero Energy / Carbon)

* artefacts storage
* renewable * battery * recycling * zero carbon steel
* ambient * hydrogen * reuse * zero carbon cement

* carbon capture * zero carbon fertilizer
* hydrogen production * zer0 carbon plastic
without emitting carbon ~ » smart systems

* electronic systems e passive mode systems
* advance biofuels ¢ mixed-mode systems

. %eothermal energy  smart full mode systems
* thermal storage ~ * productive mode systems

o Ecosystem Attributes:
* the biosphere inloqi
. biogeocﬁemical cycles ’ b!obglca! sl -
.+ natural systems * biodiversity connectivity
. * provision of ecosystem services
effective . :
biointegration *  Bcosystems biointegration
physical systemic * responsiveness to climate
* use and cycling of materials
it st * hydrology
® DUl Systems Arear
_ e * symbiosis
Prgg‘t,?:glc » artefacts * homeostasis

* semi-artificial systems .
v ' « food production
* succession

* {o be emulate, replicate and augmented constructed ecosystems

Green design is the biointegration of the following 5 constituents as ecoinfrastructure:

Nature . Constructed ecosystems _
(as the ground zero context for all human being) Built environment is essentially that human society makes
_ of use and d|s(f)ose. These includes building infrastructures,

Humansociety @ artefacts, foods and products. The key objective is to reduce

(Social, economic, political, institutional and cultural systems) wastage and contaminating emissions to natural environment.
Designing to allow for reuse and recycling (within built

Hydrology . environment) with Net Zero Energy (where possible) and impact

(to close the water cycle and bring water back to recharge the ground water and to on the natural environment.

discharge of rainfall to water waste, natural water in the cllmate()J

Achigving an effective, seamless and benign biointegration is a
Energy systems . challenge for ecological design.

Provide energy systems for human society existence and to conserve use of non-rengwable
energy. Designing for Net Zero Energy is to reduce non-renewable resource as the outcome
of use of energy systems. The stages starts from optimising low embodied energy, passive
mode to 0B1|m|§|ng mixed-mode and reduction of embodied energy in active system. With
eventual objective to make use of renewable energy as much as possible to achieve near net
zero dependency on non-renewable energy resources and reduction of carbon content.
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DESIGN GUIDE II

* NATURE (biointegration with other ecoinfrastructure)

Design for Net Positive Ecological Impact (NPE)
greening patterns (habitats creation)

phytoremediation

o)

Phiytovoiatilization

Phytodegradation

| greening

green

atriums green

" Skycourts

green
areas

level

[at ground o

green ecocell-a=#=

Preen Planting and integration dense, native planting as urban
inksto | forests in buildings and cities is scientifically Proven to be
hinterland) one off the best ways that we can mitigate climate crisis.
= With our client, we have planted native urban forest in our
building and planning projects.

Biodiversity Targets Matrix (identify species and habitats) _

design of habitats within development to enhance local biodiversity

2.Fla

SUCCESS

3. Indicator of good populations of small mam- (Ficus nitida Indian Laurel Fig i
mals
il Level 1 Level 1 Level 1 Level 2 Level 3 Level 613 4. Indicator of good population of small birds Eucalypius deglupta Rainbow eucalyptus
| hitk ¥ ' External Planters | Trees Trees 8 Shrubs Shrubs Shrubs 5. Indicator of good populations of fish/amphib-
ians

» Costus speciosus ‘Marginatus™ | sa cina tica
« Orthosiphon aristatus Y

T P C H B ystcs miairell
aQysia matrelia
Taruel Fa“na snucles Axyanopus fampressus

U SHINST NSNS

'I s ; -Ailqr;x;!nda
ora Species | - Bt e MW

el dllVe 14 d SPECIE 0 DE DIroudg Dd 0 sus‘;‘rfargfua—
»

s Zephyranthes candida ferrea « Cyathea coop- | carifolia chinensis PO WA ;

. Trgreﬁntca‘a australasiae « Ficus nitida eri P « Belamcanda |+ Osmoxylon Host @ Breeding Phyllanthas myrifli Mousetail plant
« Acalypha siamensis chinensis lineare yel- I . . . =

« Ficus pumila v Eucalyptus de- [Shrubs « Osmoxylon lin-| low Species with Social/Amenity,/Cultural/Education- Spathiphyllum cannifolium  [Peace Lily

« Phyllanthus myrtifolius ‘}lfupra « Pisonia alba | eare yellow |« Pisonia alba | Values: . - -

« Spathiphylluni cannifolium |« Plumeria obtu-|» Brunfelsia cal- = Vernonia ellip- al values:

N P or cultural iconography Brunfelsia calycina Vstrd-Today-Tmrw §
I 0Cd O 1eedaing, oreeding, rerugee 1om pre ;
0DASEd 0N eCOI0JICd ey 0 e dlld ounding @ ‘Innate Appeal’ = Species u.f ab!)\-‘l:-a\:l,‘ragc Canna indica Bunga Tashih

value to people in terms of its aesthetic val-

Cynopterus brachyotis
Lesser Short-Nosed Fruit Bat

Streptopelia chinensis
Spotted Dove

\Geopelia Striata
Zebra Dove

B8 6
8 e

Caprimulgus macrurus
[Large-tailed Nightjar

Wpus affinis
House Swift

BB EE

Megalaima haemacephala
Coppersmith Barbet

(]
establish interactions b
flora, fauna and habitats

m

®

egithina tiphia 1Al B \
Common lora .

ILanius schach
Long-tailed Shrike
IPynonotus goiavier
Yellow-vented Bulbul

a

0@ |0 @ 0

Values:

ki

Oriolus chinensis
Black-naped Oriole

B 6

Copsychus saularis

Oriental Magpie-robin @

® habitats to survi

@ |@ o B0 create landscape conditions for 88 -
® ® ve at all season s

s)[a)[a][s)

(frygri su{put"a o . : k ‘ @ @

6. Indicator of good populations of invertebrates

7. Indicator of good water quality

8. Species with special aesthethis qualities or in-
terest to man. eg. conspicuous beauty, song or
tendency to use artificia refuges.

‘Flagship’ - species that champion the biodi-
versity of the wider landscape in which they £ 3 s
are found, often because of their conspicu- \”km‘.ﬂrm" aristatus (Cat’s Whiskers
ousness, appealing appearance/behaviour

ue or curiosity value: for example, a species
of bird with particularly melodious song or
perhaps a plant with particularly appealing

perfume; or species contributing to a valued Lumpr:ml'um Purple Diamond
whole ecosy hetic such as ‘lush -

or ‘multicoloured beauty’ to which society mnmgendamsﬂ Daun Rusa
responds positively) .

@ “Early Warning® - 4

carly warning of ISV R ORCIE QTN Rl e [Cow Grass
rather like a CanarV ¢ L
examples include the Peregrine Falcon and

Cyathea cooperi Lacy Fern Tree
DDT, lichen assemblages and sulphur diox- = d
ide and invertebrate populations in rivers IPisonia alba Moonlight Tree

and water pollution
Species with ‘Innate’ and ‘Ecosystem Support lamanda nerioia

. “Conservation Priority’- spe
etween biodiversity value which ma
for example, on the basis of |
as a particularly high-quality &

habitats. They are species wl
ise the presence of an overall |
tat at good conservation statu = L

Target Species Flora Specie

ority species for nature conservation = = I ﬁ
gship species that could symbolise scheme C'malpmmﬁ'rrm Leopard Tree I o

Plumeria obtusa Frangipani

ephyranthes candida Fairy lily

Tristellatein australasiae New Caledonia
Kevs Acalypha siamensis (Tea leal
'E' Roost iﬂz] Water Quality i i \Creening f
Tous pumila reepin
@F&eding @Dcminanl Piant Species f Ping 8

(Costus speciosus Marginatus Spiral ginger Var,

Versonia elliptica (Curtain Creeper

matrella (Carpet Grass

select non-invasive fl

Bunga Loceng

nd.

‘Keystone’ - species having a d = -
ate effect in the functioning o
vironment.

of oth

e-mulate, replicate & augment ecosystem atiribute to create hybrid ecosystem

the biosphere

1esoUrces
* 8COsystems

sl
&g

humans constructed ecosystems

* biogeochemical processes
* energy and material

T ecosystem —|

community of
plants & animals —|

__ plant Green
community  Plants

Herbivores “: Primary

f Primary
y producers

physical
environment

consumers
i Secondary
__ animal ﬂ consumers
community | biotic |
Carmivores — @ otary — biological constituents
. Quaternary
community consumers
of plant ~ e oo

— i Bacteria O3
% I%?tl)fggé g W% Decomposers

site characterised by given climate features  abiotic |
site characterised by given edaphic physical constituents
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DESIGN GUIDE Il

* HYDROLOGY (biointegration with other ecoinfrastructure) -
Design for Net Zero Water (NZW)

hydrology management integrated
with smart infrastructure

R ) Solar A Rainwater
~ ¥ powered harvesting
lighting
) yr 48 |Reuse and
R ‘..- ¢ |recycling of
Breeze ~ ¥4 1 |grey water
corridor .
Biodiversity -..,‘ P
enhancement T R, ...,
Constructed
wetland
e &
S
Y...Y :
............................................... .y...............................................................
7 | o
v v v park & nursery irrigation w o
New plants for I < 2 trg/;l?r’;]eernt s\t/c\ﬁ?éZL
park and market ,,_h | B B ]
T T T Seedings & propagatings
" " " .............................................................................

methods to reduce runoff and improve water quality

infilation @ detention
d basin
: R

intercept detain retain infiltrate

returning storm water back into the ground

1. Green street infiltration planter 2. Permeable paving & rain garden 3. Infiltration swale 4. Infitration basin

." e i

Net Zero Water by closing the water cycl rainwater harvesting

showers basins Local, drought-resistant planting with
floor traps - 4----- ¥ biotope offe(|ngs for local flora and fauna
' water treated effluent © hioSWales 60
main_| | water itchen |12kt | treatment O aps . . Learning and activity offers
waters | | storage plant « detention ponds i :onthe roof: urban nature,
* renewable - : i limate, material cycl
sources of water , sinks  [internal \&. I ‘ gned enaere A/ CYUIes
. raiﬁwetlter dew ! = ay
collection ;
+ solar desalination ~-»r f0ilets =
* seawater urinals grey water storage
*_surface water »| & treatment NS
the built system R wJ N
= (lean potable water = black water v Esey
= 110N potable but suitable == non potable water Yy cons’hruc;[ied b . —
for disposal in ecosystem irrigation of wetan Rainwater retention on roofs,
external |'andscaping * Y overflow of rainwater-
aquifers reservoirs as drinking water and for irrigation, option active grey water purification
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DESIGN GUIDE IV

* HUMAN SOCIETY (biointegration with other ecoinfrastructure)
Design for Net Well-being & Happy Society (NW&S)

what makes people happy?

happiness hormones spatial implementation
\ lan NI QA
OXYTOCIN ik s =
alove hormane, known to help promote ® ® % Al \ ‘
trust, and bonding in refationship ® O} 51} % g; il -
® © 2 g \';“ RIS s
@ ,ENDOR.PH'N hobby space bedroom garden pool
your body's natural pain reliever, when you
engage in reward - producing activities
DOPAMINE @ A A O [o]
areward hormone, itis stimulated when s S o O ]l E
we strive towards our goal — - “ H =
=S 0 G -
SEROTONIN I==1 | e ]
4 calm POTOrE, DO0SS U 100 210 living space dining space kitchen courtyard

designing for health, happiness & well-being
designing public space and create pleasureable public realms

@

good aS’Sib_i =]

i I &5 : s
1 ” £

seating - art & cutture

designing to enhance well-being & happiness
rooftop aerial jogging track

happiness hormones @
%

v

| oxytocin

o

entertainment e
p uzu j III':

relaxation area

rooftop aerial
‘ jogging track
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DESIGN GUIDE V

o ENERGY SYSTEMS (biointegration with other ecoinfrastructure)
Design for Net Zero Energy / Garbon Neutral Design (NZE/CND) (reduce use of fossil fuels)

design method
@ Baseline energy level

Design Process (Dto®)

maximise passive mode strategies:
by built form orientation
by solar shading

by facade & enclosural design
by optimising ambient energies
by natural ventilation

bE/ natural daylight

efc.

—

micro- climate considerations)

Energy Level

Passive Mode
(bioclimatic design)

[

baseline _
minimise carbon footprint of
operation energy of built systems
(assess Energy Efficiency Index
 (KWh/sgmyyear))
*embodied energy assessment by others

following passive-mode design

by buitt form massing and configuration

| @partial M&E systems)

minimise carbon footprint of
operation energy of built systems
& operational energy consumption
(Energy Efficiency Index (KWh/sqmyyear))

*embodied energy assessment by others

mixed-mode stra.te%ie.s:
* by building orientation

by buiIdin? configuration

&E systems

by use of fans & extractors

by address seasonal variations
by ground source heat pump

Mixed Mode

following mixed-mode design

by operable facade / enclosural systems
RX 0é)t|m|smg comfort conditions with partial

by natural ventilation (e?. during mid-seasons)

minimise carbon footprint of
operation energy of built systems

& operational energy consumption
(Energy Efficiency Index (kWh/sqmyyear))

*embodied energy assessment by others

full mode strategies:
* by smart systems
by high efficiency M&E systems

U VA

« by low embodied ener productive mode strategies:
« by internal loads reduc%n . \é\g?adr gﬂg;gy :

geothermalenergy !
off-site, on-site green’
power I

Full Mode

T
(full M&E systems) | @

minimise carbon footprint of
operation energy of built systems
& operational energy consumption
(Energy Efficiency Index (kWh/sqmyyear))
following full mod design
*embodied energy assessment by others

Productive Mode
(renewable energy systems)

[®

Net Zero (Near) minimise carhon footprint
of operation energy of built systems &
operational energy consumption
(Energy Efficiency Index (kWh/sqm/year))
following productive mode design
*embodied energy assessmei]t by others

building performance simulation

thermal comfort conditions
in relation to design mode

e productive mode
(renewable energy systems)

s f)]| mode
(non-renewable energy systems)

= = m mixed mode
(partial M&E systems)

== == 3SSive mode
(no M&E systems)

~ = = external environment
(thermal conditions)

global average temperature  IESHER
compared to a preindustrial baseline

+1.0°C

1980 2000

~

\\
5\ \\
Iy \ \

Sea N
- YN

-, 4 3
mid-season e mid-season mid-season
autumn winter spring summer autumn

season: tempered & cold climate
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DESIGN GUIDE Vi

» CONSTRUCTED ECOSYSTEMS (biointegration with other ecoinfrastructure)

Design for Net Zero Waste / Emissions (NZWJ/E)
the circular economy

Use the building

—— \
|
Y A

Material

separation
e
l.i.

Production of building materials from

raw material city by third parties
(Return to the city)

general waste-to-energy cycle

supplying

AR

o ¥

=\

supplying 14 million

14 million 79 miion fonnes of iniabitants
inhabitants remaining waste in Europe ‘i
@ Il
(N A - thermalle/ treated in 9y
N _W@§te-to nergy Plants 79 billion
32 billion kWh = . kWh heat
electricity \
GENERATING =~ ¢ GENERATING
Metals from =" s
bottomash &
t.‘
SAVING a SAVING SAVING

the constructed ecosystem emulates and
replicates ecosystem recycling

r—————>

the biosphere

egcosystems
* biosphere & climatic processess,

closed loop material cycle

Renewable Energy NO"'R(EWWNE Energy
‘— ,_’ nergy
Energy Resources
Planet

[
| lobal d jal
* giobal energy an material resources
: * existent bm?t environment 4}
reuse, recycle, reconstitution

[ — H Extracting Raw 4
i . : H Material
I Inputs ——r—> Y ——outputs 4}

* energy built environment * energy A
| * Waler. « first environmental * materials / waste Materia
I * materials impacts * people Processing
I * food |  operational impacts (transport, etc.) s

pteOp € " * end impacts * the built system

I (transport) | o rayse _ (end of useful life) oodut W
ke= OUtpUlS <*—1—- <— Inputs Manufacture g

designing for smart sustainable cities
smart city systems (5G, WiFi 6, Al, loT systems)

loT Technologies

Green Urban Areas

Occupation

Air Quality——

Legality and Security
Digital Transformation

Sustainability Indicators

Tourism and Culture

Sustainable Mobility
Waste Management

v

Distribution

I

Closed Loop Material Cycle

L

Water Quality

Intelligent Retail
Governance 4} <'
User ‘

ysiqinjay

Input on Planet’s Natural Systems

Note:

* Design for reusabil _ )
* Minimize maintenance and service waste Optimuze energy use Ex

+ Self product function Assure product safety Design for upgradability.

ity remanufacturability separability disassembEI))/drec
e

clability disposability
nd product life
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