
General System (key design factors):
Ecological design as the seamless 
biointegration of our built environment with 
nature, hydrology, energy and human society

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

• ECOLOGICAL DESIGN MODEL
DESIGN GUIDE I

Ecological design as the biointegration of 5 sets of ecoinfrastructures to create constructed ecosystems.
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Ecosystem Attributes:
•	 biological structure
•	 biodiversity connectivity
•	 provision of ecosystem services
•	 ecosystems biointegration
•	 responsiveness to climate
•	 use and cycling of materials
•	 hydrology
•	 symbiosis
•	 homeostasis
•	 food production
•	 succession
* to be emulate, replicate and augmented constructed ecosystems
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Nature 
(as the ground zero context for all human being)

Human society 
(Social, economic, political, institutional and cultural systems)

Hydrology 
(to close the water cycle and bring water back to recharge the ground water and to 
discharge of rainfall to water waste, natural water in the climate)

Energy systems
Provide energy systems for human society existence and to conserve use of non-renewable 
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 optimising 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.

Constructed ecosystems
Built environment is essentially that human society makes 
of use and dispose. These includes building infrastructures, 
artefacts, foods and products. The key objective is to reduce 
wastage and contaminating emissions to natural environment. 
Designing to allow for reuse and recycling (within built 
environment) with Net Zero Energy (where possible) and impact 
on the natural environment.

Achieving an effective, seamless and benign biointegration is a 
challenge for ecological design.
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NZW
•	water management 
•	water conservation
•	water reuse & recycling
•	ground water 
•	 rainfall

hydrology
(Net Zero Water)

•	waterways
•	seas
•	snow
•	dew
•	 lakes

NPEI 
•	biosphere
•	biogeochemical cycles
•	abiotic constituents
•	biotic constituents
•	ecosystems

nature
(Net Positive Ecological Impact)

NWS
•	social
•	economic
•	political 
•	 institutional
•	culture

human society
(Net Well-being & Happy Society)

NZW/E
•	 technological systems
•	built environment systems
•	 artefacts
•	 recycling
•	 reuse
•	 carbon capture
•	hydrogen production 

without emitting carbon 

constructed ecosystems
(Net Zero Waste / Emissions)

NZE/C
•	 renewable
•	ambient
•	electronic systems
•	advance biofuels
•	geothermal energy
•	 thermal storage

energy systems
(Net Zero Energy / Carbon)

systemic integration of ecosystem attributes

•	built systems 
•	technology 
•	artefacts 
•	semi-artificial systems

•	the biosphere 
•	biogeochemical cycles 
•	natural systems

Prosthetic 
device

host 
organism

effective 
biointegration  

physical systemic

•	 low embodied energy
•	 large scale electricity 

storage
•	 zero carbon steel
•	 zero carbon cement
•	 zero carbon fertilizer
•	 zero carbon plastic
•	 smart systems

•	ecologically responsible behavior
•	ecological responsible diet
•	human health well-being & 

happiness

•	battery
•	hydrogen
•	passive mode systems
•	mixed-mode systems
•	smart full mode systems
•	productive mode systems

•	habitats
•	species
•	biodiversity
•	biomes



the biosphere
•	biogeochemical processes
•	energy and material 

resources
•	ecosystems

ecosystem

site characterised by given climate features abiotic
physical constituentssite characterised by given edaphic

physical 
environmenthumans

+
constructed ecosystems

emulate, replicate & augment ecosystem attribute to create hybrid ecosystem

community of 
plants & animals

plant 
community

animal 
community

community 
of plant 
& animal 
microbes

biological constituents
biotic

Green 
Plants

Primary 
producers

Primary 
consumersHerbivores

DecomposersBacteria 
and fungi

Secondary 
consumers

Tertiary 
consumers

Quaternary 
consumers

Carnivores

• NATURE (biointegration with other ecoinfrastructure)
DESIGN GUIDE II

Design for Net Positive Ecological Impact (NPEI)
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phytoremediation

Planting and integration dense, native planting as urban 
forests in buildings and cities is scientifically proven to be 
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.

green 
links to 
hinterland

“Centralised” “Dispersed” “Stepping stone” “Spine with fingers” “Diagonal steps” “Corridor with fingers”

vertical 
greening

green 
skycourts

green 
atriums green 

areas 
at ground 
level

greening patterns (habitats creation)

green 
roofs

green ecocell

create habitats

select native fauna species to be brought back to 
locality: for feeding, breeding, refugee from prey 
(based on ecological survey of site and surrounding)

establish interactions between 
flora, fauna and habitats

Biodiversity Targets Matrix (identify species and habitats)
design of habitats within development to enhance local biodiversity

select non-invasive flora 
species to attract fauna

create landscape conditions for 
habitats to survive at all season
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main 
waters

water 
storage

showers basins
floor traps

water 
treatment 

plant

grey water storage 
& treatment

•	bioswales 
•	 filtration strips
•	 rain garden
•	detention ponds

treated effluent

black water

•	 renewable 
sources of water 

•	 rainwater dew 
collection

•	 solar desalination
•	 sea water
•	 surface water

clean potable water
non potable but suitable 
for disposal in ecosystem

black water
non potable water constructed 

wetland

aquifers

irrigation of 
landscaping

the built system

internal

external

sinks

kitchen

toilets
urinals

Net Zero Water by closing the water cycle

returning storm water back into the ground
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4. Infiltration basin

hydrology management integrated 
with smart infrastructure

methods to reduce runoff and improve water quality
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rainwater harvesting

N

Rainwater retention on roofs, 
overflow of rainwater- 
reservoirs as drinking water and for irrigation, option active grey water purification

Local, drought-resistant planting with 
biotope offerings for local flora and fauna

Learning and activity offers 
on the roof: urban nature, 

climate, material cycles 
and energy
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• HYDROLOGY (biointegration with other ecoinfrastructure)
DESIGN GUIDE III

Design for Net Zero Water (NZW)
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good accessibility

seating

all ages spaces

public spaces management

active edges

art & culture

water

24 / 7 spaces

food & beverage

shade

human scale

design for comfort

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

rooftop aerial 
jogging track

entertainment 
plaza

relaxation area

happiness hormones
dopamine
serotonin
oxytocin
endorphins

✓

✓

✓

✓

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

what makes people happy?
happiness hormones
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hobby space

OXYTOCIN
a love hormone, known to help promote 

trust, and bonding in relationship

your body's natural pain reliever, when you 
engage in reward - producing activities

ENDORPHIN

a reward hormone, it is stimulated when 
we strive towards our goal

DOPAMINE

a calm hormone, boosts our mood and 
make us more sociable

SEROTONIN

Registration No.: 34807606 1/2

(DESIGNED  FOR  THE  MALAYSIAN  LIFESTYLE)

living space

Registration No.: 34807606 1/2
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bedroom
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dining space Registration No.: 34807606 1/2

(DESIGNED  FOR  THE  MALAYSIAN  LIFESTYLE)

garden
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kitchen

Registration No.: 34807606 1/2

(DESIGNED  FOR  THE  MALAYSIAN  LIFESTYLE)

pool

Registration No.: 34807606 1/2
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courtyard

spatial implementation

• HUMAN SOCIETY (biointegration with other ecoinfrastructure)
DESIGN GUIDE IV

Design for Net Well-being & Happy Society (NW&S)
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Net Zero (Near) minimise carbon footprint 
of  operation energy of built systems & 

operational energy consumption
(Energy Efficiency Index (kWh/sqm/year))

following productive mode design
*embodied energy assessment by others

En
er

gy
 L

ev
el

minimise carbon footprint of  
operation energy of built systems 

(assess Energy Efficiency Index 
(kWh/sqm/year))

*embodied energy assessment by others

minimise carbon footprint of  
operation energy of built systems 
& operational energy consumption

(Energy Efficiency Index (kWh/sqm/year))
following passive-mode design

*embodied energy assessment by others

minimise carbon footprint of  
operation energy of built systems 
& operational energy consumption

(Energy Efficiency Index (kWh/sqm/year))
following mixed-mode design

*embodied energy assessment by others

minimise carbon footprint of  
operation energy of built systems 
& operational energy consumption

(Energy Efficiency Index (kWh/sqm/year))
following full mode design

*embodied energy assessment by others

Passive Mode
(bioclimatic design)

Mixed Mode
(partial M&E systems)

Full Mode
(full M&E systems)

Productive Mode 
(renewable energy systems)

Baseline energy level1

2 3 4 5 6

maximise passive mode strategies:
•	 by built form orientation
•	 by solar shading
•	 by built form massing and configuration
•	 by facade & enclosural design
•	 by optimising ambient energies
•	 by natural ventilation 
•	 by natural daylight
•	 etc.
(micro- climate considerations)

mixed-mode strategies:
•	 by building orientation 
•	 by building configuration
•	 by operable facade / enclosural systems
•	 by optimising comfort conditions with partial 

M&E systems
•	 by natural ventilation (eg. during mid-seasons)
•	 by use of fans & extractors
•	 by address seasonal variations
•	 by ground source heat pump

full mode strategies:
•	 by smart systems
•	 by high efficiency M&E systems
•	 by low embodied energy
•	 by internal loads reduction

design method

productive mode strategies:
•	 wind energy
•	 solar energy
•	 geothermal energy
•	 off-site, on-site green 

power

baseline

Design Process (    to    )1 6

• ENERGY SYSTEMS (biointegration with other ecoinfrastructure)
DESIGN GUIDE V

Design for Net Zero Energy / Carbon Neutral Design (NZE/CND) (reduce use of fossil fuels)

building performance simulation

global average temperature
compared to a preindustrial baseline

1940 1960 1980 2000 2020

+0.5 °C

+1.0 °C

thermal comfort conditions 
in relation to design mode

mid-season 
autumn

season: tempered & cold climate

winter
mid-season 

spring
mid-season 

autumnsummer

external environment
(thermal conditions)

passive mode 
(no M&E systems)

mixed mode 
(partial M&E systems)

full mode 
(non-renewable energy systems)

productive mode 
(renewable energy systems)

2022
+1.18°C
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Water Quality
Tourism and Culture

Intelligent 
Governance

Sustainable Mobility

Smart 
Energy

Air Quality

Occupation

Green Urban Areas

Legality and Security
Digital Transformation Waste Management

IoT Technologies

Sustainability Indicators

the biosphere

inputs outputs

inputsoutputs

built environment

•	ecosystems
•	biosphere & climatic processess,
•	global energy and material resources
•	existent built environment

•	first environmental 
impacts
•	operational impacts
•	end impacts
•	reuse

•	energy
•	water
•	materials
•	food
•	people 

(transport)

•	energy
•	materials / waste
•	people 

(transport, etc.)
•	the built system 

(end of useful life)

reuse, recycle, reconstitution

BSR HQ
T. R. Hamzah & Yeang Sdn. Bhd. (17th July 2021)

Urban Mining Berlin 
as a raw material

Material 
separation

Use the building

Production of building materials from 
raw material city by third parties

(Return to the city)

Note: 
•	Design for reusability remanufacturability separability disassembly recyclability disposability
•	Minimize maintenance and service waste Optimuze energy use Extend product life
•	Self product function Assure product safety Design for upgradability.

Retail

Product 
Manufacture

Distribution

Material 
Processing

 

Reconstitute

Input on Planet’s Natural Systems

Cl
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ed
 L
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M
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ia

l C
yc
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Extracting Raw 
Material
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    Reuse

User

closed loop material cycle

the circular economy

the constructed ecosystem emulates and 
replicates ecosystem recycling
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79 million tonnes of 
remaining waste in Europe

thermally treated in 
Waste-to Energy Plants

Metals from 
bottom ash

79 billion 
kWh heat32 billion kWh 

electricity

supplying 14 million 
inhabitants

supplying 
14 million 
inhabitants

SAVING SAVINGSAVING

GENERATINGGENERATING

general waste-to-energy cycle

designing for smart sustainable cities 
smart city systems (5G, WiFi 6, AI, IoT systems)
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• CONSTRUCTED ECOSYSTEMS (biointegration with other ecoinfrastructure)
DESIGN GUIDE VI

Design for Net Zero Waste / Emissions (NZW/E)
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