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1.0 Introduction

1.1 Project Overview 1.3 Methodology
This project explores how passive design strategies are applied Case Study Selection Data Collection
in real buildings from different climatic regions. By analyzing Choose two buildings (one Gather information from books,

tropical + one different climate) journals, and ArchDaily

two selected case studies, one from a tropical climate and
another from a contrasting region, the study examines how site

planning, daylighting, facade design, natural ventilation, and Comparative Evaluation Strategy Analysis

- land ) h ) | - Compare how both buildings Study five key strategies:
Sllielistelis ‘Cm scaping enhance er?\/lronmen?o performance respond to their climate Site planning, Daylighting, facade
and spatial comfort. The comparison highlights how each Assess spatial quality, comfort, Design, Natural Ventilation, Strategic

design responds to its context and climate, promoting and energy efficiency Landscaping
sustainable and climate-responsive architecture.

Visual Communication
1.2 Objectives & Learning Outcomes [llustrate findings through diagrams and sketches

Objectives Learning Outcomes

To critically appraise the application of passive green Describe Analyze

design strategies in different climatic contexts Understand passive design Evalua.te B On.Spat'al
principles and green quality and user experience

technologies
To analyze the theories and principles of passive

design and their role in achieving energy efficiency

To compare how site planning, daylighting, facade

_ o ' ' Analyze
design, natural ventilation, and strategic landscaping Examine how
influence spatial quality and user comfort strategies respond

to climate and Communicate

To develop an understanding of climate-responsive culture Present findings through text,
architectural solutions that promote sustainability diagrams, and visuals



1.4 Overview of Selected Case Studies
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1.6 Drawmgs of Green Solution House 2.0, Denmark
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2.1 Site Planning

Cuha Bambu's site planning emphasizes low-
impact development, ecological sensitivity, and
harmonious integration with nature. Rather than
reshaping the land, the architecture adapts to it—
embracing the terrain, climate, and existing
ecosystem to create a self-sustaining and
contextually rooted environment
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RAW limited grading to 10-40 feet beyond built
areas, preserving drainage and preventing erosion

Grading

Factor Application Environmental Benefit
Topograp Natural slope Reduces erosion and visual
hy maintained impact
Excavatio Limited to building Protects soil layers and root
n Depth footprint systems
: Shallow pad
Foundatio ,,nd3tions for bamboo Minimizes soil disturbance
n System structures
Drainage Existing channels kept Maintains natural water flow
Preservati intact and infiltration

on

SITE PLANNING Site Selection & Context Sensitivity

Guha Bambu

impervious surfaces are
, - intentionally minimized
' = W

RAW uses
permeable
materials

* Located in Taman Villa Meruya, Guha Bambu blends with the suburban context,
aligning with the principle of reusing developed sites over greenfields.

Building Orientation (Solar Access & Ventilation) Stormwater & Water Management

The Guha Bambu site incorporates
rainwater  collection and  ground
infiltration systems, reducing surface
runoff and supporting a low-impact
development approach.

* RAW oriented the bamboo structures along
the east-west axis, following sustainable site
planning principles to:

e o Maximize north-south exposure for . =
natural daylighting. i

e o Minimize east-west solar gain, reducing
overheating.

« o Enhance passive cross-ventilation through
the open bamboo facades.

Human Comfort & Cultural Context

¢ Guha Bambu was conceived as a
“micro-village,” designed to
harmonize with the landscape and

Landscape Integration & Native Planting

e The site preserves existing vegetation and
enhances the landscape with additional its inhabitants. The layout promotes
native tropical plantings integrated easy circulation and encourages
throughout the compound. 3 outdoor living.




GREEN SOLUTIONS HOUSE W.0

2.1 Site Planning

GCreen Solution House 2.0 will be a Bornholm-

i

baged reger?eratwe coastal d_evelopmenjt. T “l IJ:E"—"'—"'—"I -
This technique promotes little land disturbance, =v= = ==

good integration with existing vegetation, and _ J_UID;UJ J—l:u:u:::u: ik
passive use of daylight, coastal winds, and thermal -

maSS. 1. Circutation & Atrium 2 View of ranure. 4 50 & Maeting (0om

The architecture integrates into the nature to
create a climate-responsive hotel and conference
town.

This section and plan show how Green Solution House 2.0 uses its east-west
layout to take in plenty of southern light. It features open corridors and
staggered room designs to direct the southwest coastal winds through the
building. This mix of good sunlight and natural airflow makes interiors bright
and comfortable, lowers the need for air conditioning, and improves the area
around terraces and walkways.

SITE PLANNING
Building Orientation (Solar Access & Ventilation)

Site Selection & Context Sensitivity
St & Water M

The project reuses an existing hotel site on Bornholm, preserving natural

Srullon Siabs Geats Diesturtione

Ml L Disnabers

G8H2.0

Retunakemgargy
st
= / _~Coastal Hydrorogy Senstivity
i e

-

v

¥
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Caastal Hydroroogy Senstivity

@ Bosaie &
; Rain Garden

Retained axisting . _
Demage
Grading icati . .
Factor Application Environmental Benefit

Minimal Land Grading is restricted to  reduces visual impact and
Disturbance the immediate building potential for erosion.

footprint.
Preservation et Allows stormwater
of Natural E?ggt%% ggerf?ect%ivr\{g(tjer flow naturally
Drainage prevents erosion

Uses shallow slab
Shallow foundations and

Foundations lightweight timber dept
modules.
Coastal )
Hydro[ogt;y Mild slopes are only coastal runoff patterns
Sensitivity lightly reshaped. remain intact

Minimizes excavation

o East-west alignment for optimal southern
daylight

* South facades absorb winter sun; north gets
diffuse light

* Reduced east/west glazing to avoid glare and
heat gain

* SW coastal winds drive natural cross-
ventilation

e Courtyards + vertical cores enhance airflow
and stack effect

Landscape Integration & Native Planting

e Preserves  Bornholm’s  existing  coastal
vegetation belts to protect biodiversity and
stabilize soil.

« Uses native species (sea buckthorn, juniper,
birch, dune grasses) for low-maintenance,
climate-adapted planting.

* Integrates bioswales + rain gardens directly
into the site’s natural drainage paths.

coastal ecology while staying connected to existing infrastructure, and aligning
the building layout with the island’s climate, landscape character, and low-
impact development principles.

o Stormwater is slowed, filtered, and
absorbed through a fully integrated
system of bioswales, rain gardens,
permeable surfaces, and green roofs that
follow the site’s natural drainage paths,
protecting Bornholm’s coastal hydrology
while supporting a regenerative water
cycle.

Human Comfort & Cultural Context

* Human comfort is enhanced through
sheltered outdoor spaces, soft
microclimates created by vegetation
buffers, daylight-rich interiors, and a
layout that reflects Bornholm’s calm
coastal character, while culturally
the design embraces local materials,
low-rise forms, and a community-
oriented spatial rhythm.



Guha Bambu

By giving North-South openings priority for
indirect light and shading the West facade with
solid walls, louvres and vegetation to keep out the
intense afternoon sun and heat, the building
employs bioclimatic passive design. Maximum
natural light penetration and cross-ventilation are
ensured by an open, adaptable interior design
with lots of windows and skylights.

Vertical bamboo and steel louvres are
incorporated into the facade. Before direct
sunlight enters the interior, these serve as a
screen to diffuse and filter it, reducing heat
gain and glare while letting light in.

2.2 Daylighting

Lush vegetation, tumbling vines, and luxuriant shrubs adorn the building's facades, especially the western elevation. By blocking direct sunlight and
producing a living, natural screen, this vegetation helps to cool the surrounding microclimate through evapotranspiration.

POTOMNGAN A - A




Green Solution House 2.0

The building's daylighting strategy focuses on
maximising high-quality diffuse daylight while
minimising glare, responding to Bornholm's
strong seasonal variations. Its multi-wing, serrated
layout and courtyard/atrium geometry bring
natural light deep into the interior, while room
orientation and loggias optimise southern
exposures and woodland views. This reduces
reliance on artificial lighting, enhances comfort in
winter, and efficiently captures summer daylight.

2.2 Daylighting
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2.3 Facade Design

Strategically placed openings on the north and

«  south facades enable cross ventilation by
utilizing natural wind patterns in the tropical
climate. This creates a stack effect that

v T

minimizes mechanical cooling dependence,
ensuring continuous airflow, thermal comfort,
and better air quality.

Vertical bamboo and steel louvres filter and diffuse
sunlight, minimizing glare and controlling solar heat gain
while maintaining visual openness. These elements
balance light and shade, enhancing comfort, reducing
energy consumption, and emphasizing the project’s
integration of natural materials with sustainable, climate-
responsive design principles.

Guha Bambu

The building prominently features bamboo, wood, and stone, which have low embodied
energy and are locally available, reducing transportation impact. Bamboo acts as both
a structural and aesthetic element, showcasing renewable material use and traditional
Indonesian craftsmanship.

Bamboo Wood Stone

By absorbing heat, offering
shade, and reducing surface

,,i- E temperatures, the complex's
gl 7 lush vegetation organically
T, e

A cools the microclimate. It
i)
r f . . .

[k ; improves air quality, promotes

£ biodiversity, and strengthens

G)’_

the project's climate-
responsive architecture

A hybrid structural system that maximises sustainability and efficiency is produced by
combining steel trusses with bamboo. Steel offers the strength and stability required for multi-
story structure, while bamboo adds lightness, flexibility, and a renewable quality. By reducing
the need for bulky, high-carbon materials like concrete, this synergy lowers the building's total
embodied energy.

Bamboo Steel



2.3 Facade Design

Optimized Orientation and Serrated Facade Form

o The angled, serrated facade provides self-shading, reducing direct
solar gain on windows and exterior walls. This geometric design
ensures that each hotel room receives daylight and natural views
while limiting overheating a passive control of solar exposure.
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Carefully oriented glazing and
generous skylights allow ample
natural daylight into interior spaces,
minimizing reliance on artificial
lighting during the day. The facade’s
rhythmic recesses and balconies
prevent glare while maintaining a
bright, pleasant interior
environment.

Green Solution House 2.0

Natural Ventilation Integration

o Bespoke ventilation grills are
cut directly into the CLT
facade  panels, allowing
controlled airflow through
the building without
mechanical systems. This
promotes cross ventilation,
improving indoor air quality
and reducing the need for
air-conditioning.

Prefabrication and Material Efficiency

e The prefabricated CLT panels ensure airtightness and precision,
minimizing heat loss and construction waste. Offcuts from the
facade’s manufacture were upcycled into furniture, supporting
a circular material strategy and reducing embodied carbon.

BEFORE NOW



Guha Bambu 2.4 Natural Ventilation

o Permeable bamboo wall system allows continuous airflow.
 Elevated floor enables cooling from underneath.

« Hot-humid tropical climate = high temperature o Indoor temperature reduced by 3-5°C vs closed-wall

. . e concrete buildings
+ high humidity.  High-pitched roof enables hot air to rise and escape (stack effect). « ACH (Air Changes per Hour) naturally exceeds typical
* Main needs: heat dissipation, cross-ventilation, o Large openable facades and shutters allow full cross-ventilation. tropical comfort standard (10 ACH)
reduced reliance on mechanical cooling. o Central void/atrium enhances upward airflow through chimney «  No mechanical AC required in most daytime conditions

o Bamboo structures work well due to effect
lightweight, breathable materials. '

e CO, levels stay low due to continuous airflow
e Reduces energy demand + operational carbon footprint

NATURAL VENTILATION

Flexible / Open Plan & Multiple Entrances

e Rooms have at least two
entrances (often facing north-
south) to facilitate airflow

Aewer g mitSHUL

Louvers, Vertical Screens & Bamboo Slats

¢ The facades use bamboo and steel vertical
louvers/screens to allow air to pass
through, while controlling sunlight, glare,
and privacy

AR T

Greenery as Thermal Buffer

e Abundant vertical and surrounding
vegetation pre-cools incoming air and
minimizes radiant heat from
surrounding surfaces.




Green Solution House 2.0 2.4 Natural Ventilation

o Cool-temperate maritime climate - mild summers, cold « Automated operable windows controlled by sensors (CO,, temp, e Maintains healthy indoor CO, levels (< 800 ppm) without
g . mechanical ventilation
winters. humidi ty}‘ o Temperature stable through passive air exchange +
« Strategy focuses on mixed-mode ventilation: natural  Central atrium acts as ventilation chimney for passive air exhaust. thermal mass buffering
ventilation when climate allows, mechanical backup in « Night purge ventilation cools thermal mass overnight. * Saves~70% ventilation energy compared to conventional

o g . . mechanical-only system
extreme seasons. * Cross-ventilation through aligned openings across rooms. o Meets Active House + DGNB Platinum performance

« Design prioritizes healthy indoor air, low en ergy demand, ° Breathable facade and timber structure help regulate internal requirements

d I I climate. e Supports WELL-standard mdoorcomfort without AC
and circular principles. dependency -
po—
NATURAL VENTILATION
Strategic Orientation & Glazing © x\\ Ventilation Grills Cut into CLT Panels
— ECEEEED N S . .
e Windows and glazing are oriented to optimize airflow, | ¢ I(r:t_(l?gratetl:l ver;a’clllatlotn %rl!ls;l in
daylight, and thermal comfort. — — panels enable natural airflow
—_T T without full mechanical reliance.
Skylights & Roof Openings — A1 l__.f'i
. ~

e Skylights and roof openings enable warm air to escape, e

creating a natural stack ventilation effect.
Passive Ventilation to Minimize Mechanical Use

e Building systems prioritize natural
ventilation, minimizing dependence on

| | mechanical cooling.




2.5 Strategic Landscape Guha Bambu

« Dense native vegetation for natural shading + « Indoor-outdoor blur: verandas, open platforms, and « Restores soil + biodiversity
cooling bamboo screens. « Eliminates need for paved heat-island surfaces
« Water features for evaporative cooling « Sensory landscape: sound of water, filtered light, « Enhances passive ventilation + thermal comfort
« Permeable ground surfaces (no heat-absorbing natural ventilation. e Reduces irrigation through native planting
paving) « Pathways follow organic site flow, not grid planning.

« Courtyard + open layout to promote wind flow
« Raised structure to protect soil + vegetation

ATTETR

FES a4

STRATEGIC LANDSCAPE Local Craftsmanship & Materials

e supports a landscape of local identity, craft,
Orientation & Ventilation and connection to place.
e Open facades to north and south; closed or

minimized openings toward the west to

reduce heat gain

Abundant Greenery to Blur Boundaries

7 P

e The project uses lush vegetation, so tha the : : 1 |
building feels like it's been there for a long e helps with shading, cooling, and
time, enveloped by nature._ mitigating the tropical heat.

=


https://www.designboom.com/architecture/raw-architecture-multi-purpose-complex-indonesia-04-10-2020/?utm_source=chatgpt.com

2.5 Strategic Landscape

« Green roofs for insulation + stormwater control

 Rain gardens + bioswales for on-site water
management

« Native + edible planting for biodiversity

o Outdoor wellness spaces connected to interior

« Circular material reuse in landscape (e.g. crushed

brick, compost)

STRATEGIC LANDSCAPE

Climate Adaptation & Comfort T,

¢ Planting and orientation provide natural shading and
wind buffering; terraces allow seasonal light control.

Climate-adaptive planting palette
Stormwater fully processed on site
Enhances WELL-standard health goals
Reduces building heating/cooling loads through green
layer insulation

e Semi-wild

Experiential Connection

¢ Planting and orientation provide natural shading and
wind buPrivate terraces open to nature without
barriers, creating a calm, biophilic outdoor
experience.ffering; terraces allow seasonal light
control.
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Permeable & Low-Impact Surfaces

e Roof runoff is filtered into rain gardens that act as
habitat zones and improve microclimate cooling.”
A A

Green Solution House 2.0

» Continuous path system connecting indoor

spaces to nature.

 Atrium opens directly to outdoor landscape,

dissolving threshold.

» Seasonal landscape expression (winter bark,

spring bloom, summer foliage).

Integration with Natural Vegetation

landscape continues Bornholm's native
meadow. Native grasses and shrubs reduce irrigation
needs and blend the building into its natural context.

Permeable & Low-Impact Surfaces

* Reused timber and gravel paths enable rainwater
infiltration and reduce heat island effects.







3.1 Summary of All Passive Strategies

Guha Bambu, Indonesia

Site Planning Buildings aligned along east-west axis for north-south
daylight and cross-ventilation.
Minimal grading; permeable surfaces for drainage.
Rainwater harvesting + infiltration system.
Dense vegetation reduces heat and improves comfort.

[ ] LJ
DCIY nghtlng North-south openings for indirect light.
Vertical bamboo & steel louvres filter sunlight.
Vegetation screens reduce glare and heat.
Maximizes daylight while limiting west sun exposure.

Facade Design Bamboo + steel louvres allow airflow and shade.
Hybrid structure (steel + bamboo) reduces embodied
carbon.
Vegetated facades cool microclimate naturally.

NGtUI'GI Ventilation Open facades and high-pitched roofs for stack effect.
Permeable bamboo walls + elevated floors enhance

cooling.
No mechanical AC needed, temperature drops 3-5 °C
naturally.

Strqtegic Dense native planting + water features for copling.
. Permeable surfaces + courtyards promote wind flow.
Landscaplng Blends building with tropical greenery, enhancing sensory
experience.

Low-energy, climate-responsive design using natural
materials and airflow.

Creates immersive indoor-outdoor experience suited to
tropical climate.

Green Solution House 2.0, Denmark

East-west alignment for optimal southern daylight.
Preserves coastal vegetation + integrates bioswales and
rain gardens.

Minimal land disturbance, shallow foundations.

Uses courtyards and orientation to capture daylight +
wind.

Serrated multi-wing layout + courtyard bring diffuse light
inside.

Glazed facades + skylights provide abundant daylight.
Overhangs & orientation control glare and heat.

Winter sun warms interiors; summer sun shaded.

Serrated CLT facade provides self-shading.
Prefabricated panels reduce waste and heat loss.
Ventilation grills integrated into facade for natural airflow.

Ventilation grills in CLT panels for passive airflow.

Atrium acts as ventilation chimney.

Automated windows + night purge cooling reduce
mechanical use (~70% energy saved).

Green roofs + rain gardens manage stormwater.

Native & edible plants for biodiversity.

Landscaping moderates temperature + creates outdoor
wellness areas.

Regenerative coastal design maximizing diffuse daylight +
natural ventilation.

Energy-efficient, low-carbon building aligned with DGNB
& Active House standards.




3.2 Impact on Spatial Quality & User Experience

Site
Planning

Day-
lighting

Facade
Design

Natural
Ventilation

Strategic
Landscaping

Guha Bambu, Indonesia

Open, village-like spaces promote outdoor living and community
interaction.

Users experience a seamless
transition between indoor and
I outdoor spaces.

Filtered sunlight through
bamboo screens gives a warm,
tranquil glow.

Natural materials and shading
layers  create texture and
rhythm.

Breezy interiors and open plans
create sensory freshness.

- ~

Lush vegetation and water / N\

features cool and engage the
senses.

Immersive, lively, and sensory
tropical environment.

Green Solution House 2.0, Denmark

Courtyards and terraces create calm, connected spaces with nature.

Low-rise form and site-
integration promote
comfort and accessibility

Soft, diffuse daylight
enhances visual comfort

and mood
y///

I/’ '/‘
/f’

B

Serrated timber facade balances daylight,
privacy, and views.
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Gentle airflow through atrium
ensures clean, quiet comfort.

oWl £ .
: Native plants and green roofs connect
. users to the landscape.

Calm, bright, and restorative atmosphere
enhancing wellbeing.




ﬁ Guha Bambu, Indonesia
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Block High Sun
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1. Guha Bambu: Avolding Heat  — o

(Tropical Context)

1. Guha Bambu: Natural
Airflow (Tropical Context)

Relies Entirely on Natural
(Tropical Context)

CONCLUSION

minimal land disturbance, ecological integration, and improved user comfort.

Minirmizes Solar gain,
Lailieduces Cooling Load
—

«ﬁz::a Green Solution House 2.0, Denmark

Each building responds directly to its
climate .Guha Bambu uses shading,
vegetation, and open fagades to deal
with tropical heat,

Guha Bambu follows the natural terrain with
minimal grading, preserving existing slopes and
drainage. Its layout allows wind, light, and
vegetation to move through the structure,
creating a low-impact relationship with the
landscape.

Guha Bambu orients spaces to
reduce west heat and maximize
shade with usage of overhangs too.

Guha Bambu depends heavily on

natural cross-ventilation, open
facades, and porous bamboo
screens

Guha Bambu uses local bamboo,
wood, and craftsmanship to blend
with Indonesian culture

while Green Solution House 2.0 uses insulation,
controlled ventilation, and east-west alignment
to work with low winter sun and cool coastal
winds

R NN ] WO AR ] W i
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x

Reuses existing hotel site, east-west orientation,
bioswales + permeable surfaces.

GCSH 2.0 aligns east-west to gain optimal

) Large South Windows = f e Q g i i i
e (e L > sunlight and maintain winter warmth with
Q, ——"n |esser shade.
2. GSH 2.0: Pout Maximizes i w G E
(Ternperate Solar Heating) s
Heat Retonery

7 Filtered Air

s GSH 2.0 uses controlled airflow, stack
skylights, and integrated

Large South Windows
Low Winter Sun

2. GSH 2.0: Hybrid Hybriatind — 3
(Temperatus Indoor Alr Quakty & Energy Efficiency 4

GSH 2.0 uses engineered timber and CLT for
thermal performance and low carbon impact

In summary, Guha Bambu and Green Solution House 2.0 demonstrate that successful sustainable architecture relies on a thoughtful response to climate, landscape, and
cultural context. Each project employs various passive strategies, cooling and shading in tropical areas, daylighting and insulation in temperate regions. While focusing on

They show that sustainable design works best when it is connected to its location and

integrated into the project from the start.



4.0'CONCLUSION

Open facades +
bamboo
screens 3
natural airflow

Dense

vegetation >
shading &

microclimate
cooling

East-west
layout +
serrated facade
3 diffuse
daylight

Skylights
overhangs >
glare control &
warmth in
winter

PASSIVE GREEN DESIGN GREEN SOLUTION HOUSE
CLIMATE + CULTURE + COMFORT (TEMPERATE)

GUHA BAMBU (TROPICAL)

Locally sourced
bamboo & wood
> low embodied
energy

Minimal

grading EY
blends with
landscape

CLT structure »
insulation &
circular design

Bioswales + rain
gardens » water
regeneration

Indoor-outdoor flow > Calm, bright interiors -
sensory & cultural well-being & biophilic
connection comfort

Both Guha Bambu and Creen Solution House 2.0 showcase how passive design strategies can adapt to different climates and cultures to achieve sustainable
comfort. Guha Bambu responds to Indonesia’s tropical climate through natural ventilation, shading, and vegetation that promote cooling and harmony with
nature, while Green Solution House 2.0 in Denmark emphasizes daylight optimization, insulation, and circular material use for energy efficiency. Despite their
contrasting climates, both buildings share a commmon goal, creating climate-responsive, low-impact, and user-centered spaces that blend sustainability with
human comfort
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