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Abstract 

This study investigates the integration of wind simulation and solar radiation analysis in developing 

passive ventilation strategies for low-rise residential buildings in Metro Manila. Operating within a 

tropical monsoon climate, Manila presents complex microclimatic challenges—ranging from high 

humidity and seasonal wind shifts to intense solar exposure and urban heat island effects. By 

combining computational fluid dynamics (CFD) modeling with solar radiation mapping, this research 

explores how architectural orientation, building form, shading design, and envelope materiality can 

be coordinated to optimize natural airflow and minimize thermal gain. Two case scenarios—a 

standard social housing unit and an optimized prototype—were simulated using site-specific weather 

data. The results demonstrate that integrated strategies can improve air changes per hour by up to 

250%, reduce operative indoor temperatures by over 4°C, and significantly enhance thermal comfort 

without mechanical systems. The paper concludes by outlining pathways for scalable, 

climate-responsive housing in tropical cities, emphasizing data-driven design, policy support, and 

community-oriented implementation. 

Keywords: tropical architecture, passive ventilation, wind simulation, solar control, low-rise housing, 

CFD, thermal comfort, climate-responsive design, Manila, sustainable urban development 

 

 

 

1. Introduction 

Metro Manila, the capital region of the 

Philippines, lies within a tropical monsoon 

climate zone (Am) according to the Köppen 

classification. This climatic condition is 

characterized by high year-round temperatures, 

with monthly averages ranging between 26°C 

and 31°C, and relative humidity levels 

exceeding 75%. The annual climate cycle is 

defined by two dominant seasons: a wet season 

from June to November, influenced by the 

southwest monsoon (Habagat), and a dry season 

from December to May, dominated by the 

northeast monsoon (Amihan). These monsoonal 

patterns also dictate prevailing wind directions, 

with southwest winds (average 3–5 m/s) 

prevailing in the wet season and northeast 

winds (2–4 m/s) during the dry months. 
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These seasonal wind flows are critical to passive 

ventilation strategies in low-rise housing, as 

they provide the natural driving force for 

cross-ventilation. However, in dense urban 

zones of Metro Manila, such potential is often 

compromised by obstructive urban morphology. 

High-rise commercial developments, 

impermeable street grids, and haphazard zoning 

result in wind shadow effects, turbulence, and 

air stagnation zones, particularly within 

inner-block residential communities. Studies 

have shown that air speed within built-up 

districts can be reduced by up to 80% compared 

to open-field conditions (Villarin et al., 2018). 

Another critical factor is the intensification of 

the urban heat island (UHI) effect. Due to 

high-density development, dark surface 

materials, and reduced vegetative cover, Metro 

Manila experiences an average nighttime 

temperature differential of 2–4°C between urban 

cores and surrounding peri-urban zones. This 

thermal buildup not only increases indoor 

temperatures at night but also disrupts natural 

convection cycles—trapping warm air and 

reducing nighttime ventilation effectiveness. 

Moreover, the diurnal solar radiation profile in 

Manila exerts significant pressure on indoor 

comfort. The city receives an average solar 

insolation of 5.1–5.5 kWh/m²/day, peaking 

between 11:00 a.m. and 2:00 p.m., during which 

poorly shaded or poorly oriented residential 

units often experience solar heat gains exceeding 

200 W/m² on east- and west-facing walls. 

Without adequate design intervention, this leads 

to a significant thermal lag, compounding 

discomfort in the late afternoon and early 

evening when wind speeds typically decline. 

Microclimatic complexity is further heightened 

by localized variations in land use, such as 

informal settlements built along esteros (canals), 

which lack organized wind corridors and often 

use low-thermal-performance materials like 

galvanized metal sheets or plywood. These 

structures not only exacerbate internal 

overheating but also lack architectural features 

to harness seasonal breezes, increasing reliance 

on energy-intensive cooling appliances. 

In this context, effective ventilation design 

cannot rely solely on macro-level climate data. A 

successful approach must consider site-specific 

microclimatic conditions, such as wind 

directionality at block level, solar exposure 

patterns throughout the day, shading from 

adjacent buildings, and even vegetation 

placement. The integration of localized wind 

simulation and solar analysis becomes a critical 

prerequisite to developing low-energy, 

climate-resilient housing strategies suitable for 

Manila’s challenging tropical urban conditions. 

2. Thermal Discomfort and Energy Stress in 

Low-Rise Residential Environments 

In the context of Metro Manila’s rapidly 

urbanizing environment, thermal discomfort has 

emerged as a defining condition for residents 

living in low-rise, high-density housing. These 

residential typologies—often built through a 

mix of formal and informal processes—typically 

lack access to engineered climate control 

systems and rely heavily on natural ventilation 

or low-cost electric fans, which are increasingly 

insufficient under intensifying urban heat. 

Due to high year-round temperatures and 

humidity, the predicted mean vote (PMV) and 

adaptive comfort models regularly place indoor 

conditions outside the acceptable thermal 

comfort range. Studies conducted by the 

Philippine Green Building Council and De La 

Salle University found that daytime indoor 

temperatures in low-rise homes often exceed 

34°C, particularly in units with poor shading 

and inadequate cross-ventilation. These 

temperature levels, combined with relative 

humidity over 70%, push occupants into zones 

of heat stress, impairing cognitive function, 

sleep quality, and long-term health—especially 

for children and the elderly. 

The material composition of many dwellings 

further exacerbates thermal conditions. 

Commonly used materials such as concrete 

hollow blocks without insulation, metal roofing, 

and single-pane jalousie windows lead to rapid 

heat gain and slow heat dissipation. Roofs, in 

particular, have been found to be the most 

critical component in residential overheating, 

with roof surface temperatures reaching up to 

60°C during midday. Without ventilation 

strategies or insulation, this heat radiates into 

living spaces well into the evening, a 

phenomenon commonly reported as mainit kahit 

gabi (“hot even at night”) among residents. 

In response, households are increasingly turning 

to mechanical cooling, particularly low-cost 

window-type air conditioning units. According 

to a 2022 market report by the Philippine 

Department of Energy, residential AC 

penetration in urban low-rise households has 
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risen from 13% in 2010 to over 30% in 2021. 

However, this growing reliance on active 

cooling raises major concerns. First, it places 

significant financial stress on households, 

especially those in the lower-middle income 

bracket (earning PHP 15,000–30,000/month), for 

whom electricity bills often consume 20–30% of 

monthly income during peak summer months. 

Second, it compounds the load on the already 

strained power grid, leading to increased 

emissions from fossil-fuel-based energy and 

periodic brownouts in peak demand periods. 

Furthermore, building layouts are often 

space-constrained and poorly ventilated, with 

many units sharing party walls and lacking 

openable windows on more than one façade. 

This limits air change per hour (ACH) rates and 

restricts the possibility of natural 

cross-ventilation. In informal settlements or 

backlot extensions, the situation is more 

acute—ventilation paths are obstructed by 

neighboring structures, and the ambient air itself 

is often stale and heat-laden due to lack of 

airflow corridors. 

From a systems perspective, the lack of 

regulatory enforcement and performance-based 

design criteria in housing construction has 

perpetuated thermally inefficient typologies. 

While green building standards such as BERDE 

(Building for Ecologically Responsive Design 

Excellence) exist, they are not applied to mass 

housing or low-rise urban dwellings. This 

institutional gap has allowed suboptimal 

housing stock to proliferate without 

accountability for indoor thermal performance. 

In sum, the convergence of climatic heat stress, 

material inefficiency, spatial density, and limited 

policy frameworks has created a context where 

thermal discomfort is not episodic, but systemic. 

Addressing this challenge demands an 

integrative approach—one that moves beyond 

mechanical solutions and instead leverages 

climate-responsive architectural strategies based 

on wind and solar analysis, explored in the 

sections that follow. 

3. Architectural Form and Orientation for Wind 

Optimization 

In low-rise residential design, especially within 

the tropical climate of Metro Manila, 

architectural form and orientation play a 

decisive role in determining the success or 

failure of passive ventilation strategies. As wind 

remains the primary driving force behind 

natural airflow, aligning building elements with 

prevailing wind directions and site-specific 

airflow patterns becomes a core design priority. 

Metro Manila experiences dominant seasonal 

wind flows driven by the Amihan (northeast 

monsoon) and Habagat (southwest monsoon), 

each bringing distinct ventilation potential. The 

northeast winds (November to May) tend to be 

lighter and more consistent, while southwest 

winds (June to October) bring higher velocities 

but are often interrupted by dense urban fabric 

and precipitation events. Therefore, orientation 

strategies must address both seasonal variability 

and the microclimatic effects of neighboring 

structures. 

One of the most effective spatial strategies for 

wind optimization is building alignment along 

the prevailing wind corridor, ensuring that 

longer façades are perpendicular to dominant 

wind directions. For example, aligning housing 

rows northwest-southeast enables better airflow 

capture during both monsoonal seasons, 

maximizing cross-ventilation potential. This 

orientation becomes even more critical in 

compact housing developments where party 

walls and minimal side setbacks reduce 

opportunities for lateral air movement. 

In terms of form, narrow-plan units (with high 

depth-to-width ratios) and dual-aspect 

layouts—with openings on at least two opposite 

walls—have shown significantly better airflow 

efficiency than single-aspect typologies. 

Simulations using CFD tools such as Autodesk 

CFD and OpenFOAM confirm that wind speed 

differentials between inlet and outlet façades of 

just 1.5–2.5 m/s can generate sufficient pressure 

to induce steady cross-ventilation, improving air 

change rates up to 8–10 ACH (air changes per 

hour) in well-designed low-rise units. 

Roof geometry also influences wind interaction. 

In contrast to flat roofs, pitched or gable roofs 

can facilitate stack-driven ventilation, especially 

when paired with ridge vents or clerestory 

openings. Warm air rising under solar exposure 

is expelled through high-level vents, while 

cooler ambient air enters through low-level 

openings—creating a vertical ventilation loop 

particularly effective during periods of low 

external wind pressure. 

At the block scale, urban porosity and wind 

corridors become critical. Staggered building 

arrangements, courtyards, and linear voids can 

act as air collection and acceleration zones, 
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channeling wind into residential interiors. The 

absence of such planning, as seen in informal 

settlements or overly densified developments, 

results in wind stagnation zones where 

ventilation becomes negligible even under 

favorable external conditions. 

Material use also interacts with form. Buildings 

with lightweight, breathable façades—such as 

louvered wooden panels or perforated concrete 

blocks—enhance passive airflow while 

mitigating excessive heat gain. These materials, 

when integrated into façade and fenestration 

systems, allow for controlled air permeability 

without compromising security or privacy—two 

key concerns in low-income urban housing. 

In practice, many of these strategies remain 

underutilized or improperly implemented in 

Metro Manila’s housing developments due to 

the prioritization of lot maximization and 

construction cost efficiency. However, design 

precedents from pilot eco-housing 

projects—such as those by Habitat for Humanity 

or TAO-Pilipinas—demonstrate the feasibility 

and impact of wind-responsive orientation and 

form, with measurable improvements in indoor 

thermal comfort and reductions in electricity 

consumption for cooling. 

Ultimately, optimizing architectural form and 

orientation is not only a design opportunity but 

also a climate justice imperative in rapidly 

urbanizing tropical cities. As the next sections 

explore solar interaction and simulation 

techniques, the goal remains clear: to build 

housing that breathes with the climate, rather 

than resists it. 

4. Passive Solar Control Through Materiality 

and Shading Design 

In the tropical climate of Metro Manila, solar 

radiation is a dominant driver of indoor thermal 

discomfort, particularly in low-rise residential 

buildings where passive ventilation alone may 

be insufficient to mitigate heat accumulation. An 

effective climate-responsive design must 

therefore not only facilitate air movement but 

also minimize solar heat gain through material 

selection and shading strategies. Passive solar 

control becomes an indispensable counterpart to 

wind-driven ventilation, forming the basis of an 

integrated thermal design approach. 

Metro Manila receives high levels of solar 

radiation year-round, with peak global 

horizontal irradiance reaching 1000–1100 W/m² 

during midday in dry-season months. Direct 

solar exposure on external walls and roofs leads 

to surface temperatures rising to 55–65°C, 

especially on east- and west-facing façades. This 

results in significant thermal transmission 

through the envelope, particularly in 

lightweight and uninsulated structures—leading 

to increased indoor temperature peaks in late 

morning and afternoon hours. 

To mitigate this, one of the most immediate 

strategies is the application of external shading 

devices. Horizontal overhangs and vertical fins, 

when dimensioned according to solar angles 

(using tools such as Ladybug or Ecotect), can 

block high-angle sun during peak hours while 

maintaining daylight penetration. For example, 

a 0.6 m fixed horizontal canopy on a 

north-facing window in Manila can block up to 

80% of summer solar gain, reducing indoor 

operative temperature by up to 2–3°C without 

affecting ventilation. 

Shading can also be achieved through vegetative 

strategies, such as vertical gardens, green 

trellises, or strategically planted trees. In pilot 

studies conducted by the University of the 

Philippines, vegetation-covered façades reduced 

internal wall temperatures by 4–6°C compared 

to bare concrete. When combined with 

permeable wall materials, vegetation contributes 

not only to shading but to microclimatic cooling 

via evapotranspiration. 

Materiality further influences thermal 

performance. In low-cost housing, where 

insulation is often omitted, the thermal mass 

and emissivity of envelope components become 

critical. Light-colored, reflective coatings on 

roofs and walls (with solar reflectance index or 

SRI > 80) have been shown to reduce heat 

absorption significantly. For instance, replacing 

traditional dark metal roofing with 

white-painted corrugated sheets can lower 

interior ceiling temperatures by 6–8°C, 

particularly when paired with ventilation layers 

or air gaps beneath the roofing system. 

Wall construction systems also impact passive 

solar control. Where cavity walls are not feasible, 

ventilated cladding systems or double-skin 

façades with louvered screens offer viable 

alternatives. These create buffer zones that 

dissipate absorbed solar heat before it enters the 

living space. In climates like Manila’s, where 

diffuse radiation is also significant due to 

atmospheric moisture, shading must address 

both direct and indirect solar gain. 
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Moreover, the orientation and geometry of 

openings interact with solar exposure. Windows 

facing east and west receive low-angle sun and 

thus require more aggressive shading or 

reduced glazing ratios, whereas north- and 

south-facing openings (in the Philippine context) 

can be optimized for daylight and airflow with 

moderate solar risk. Operable, shaded louvers 

provide a flexible interface—balancing privacy, 

light control, and airflow. 

It is also important to note that shading 

strategies must not obstruct cross-ventilation 

paths. Solid concrete canopies, if uncoordinated 

with window placement, may block airflow or 

create negative pressure zones. The use of 

perforated screens, movable awnings, or 

adjustable blinds enables adaptive control of 

both light and wind—especially useful in 

transitional seasons and in units with changing 

occupancy patterns. 

In conclusion, passive solar control is not a 

supplementary gesture, but a primary design 

tool for thermal performance in tropical housing. 

When aligned with ventilation strategies, it 

enhances comfort, reduces cooling energy 

demand, and creates buildings that are in sync 

with their environmental conditions. In the next 

section, we examine how computational tools 

can simulate and optimize these strategies in 

tandem with airflow modeling to support 

evidence-based design in real projects. 

5. Wind Simulation Techniques for Evaluating 

Building Performance 

To design climate-responsive residential 

buildings in tropical urban settings like Metro 

Manila, computational simulation tools have 

become essential in evaluating how built forms 

interact with wind. Wind simulation techniques, 

particularly those based on Computational Fluid 

Dynamics (CFD), enable designers to visualize 

airflow behavior, assess ventilation effectiveness, 

and make informed design modifications before 

construction. In resource-constrained contexts, 

simulation becomes a cost-effective proxy for 

full-scale prototyping. 

The primary objective of wind simulation in this 

context is to evaluate key performance 

parameters such as air velocity, pressure 

differentials, flow distribution, and Air Changes 

per Hour (ACH) within interior spaces. These 

indicators allow for precise quantification of 

ventilation adequacy, especially in complex, 

urbanized environments where airflow is 

obstructed or redirected by adjacent structures. 

Among the most commonly used simulation 

platforms are Autodesk CFD, OpenFOAM, 

ANSYS Fluent, and Rhino/Grasshopper with the 

Butterfly and Ladybug plugins. These tools 

facilitate 3D airflow modeling under varying 

wind conditions, enabling the comparison of 

multiple design iterations. For instance, using 

OpenFOAM, a study on low-rise prototypes in 

Quezon City revealed that slight reorientation of 

window openings improved indoor wind 

velocity by 38% during southwest monsoon 

conditions. 

A typical simulation process begins with the 

import of building geometry into the software, 

followed by meshing (discretization of volume 

into computational cells), assigning boundary 

conditions (e.g., wind speed, direction, 

inlet/outlet definitions), and solving the 

Navier–Stokes equations for incompressible 

airflow. The Philippine Atmospheric, 

Geophysical and Astronomical Services 

Administration (PAGASA) provides site-specific 

annual wind roses, which are critical for 

defining realistic seasonal wind inputs. 

Simulation studies in Metro Manila have shown 

that the majority of low-rise residential layouts 

perform sub-optimally under natural ventilation 

conditions due to poor inlet-outlet alignment, 

limited façade permeability, and insufficient 

vertical exhaust. CFD allows for visualizing 

dead zones, where airflow stagnates, and 

short-circuiting, where air exits the space before 

reaching deeper zones—two common problems 

in narrow-plan units. 

Furthermore, simulation assists in testing 

micro-scale interventions, such as: 

• Adding clerestory vents or ridge 

openings to enhance stack ventilation 

• Introducing porous walls or vent blocks 

to enable airflow through partitions 

• Modifying fence or boundary wall 

permeability to improve front-yard air 

entry 

CFD can also be used to optimize building 

cluster arrangements. Studies conducted by 

Mapúa University showed that staggered block 

layouts with 8–10 m setbacks generated more 

consistent wind penetration and turbulence 

reduction compared to linear, tightly packed 

rows. In wind tunnel validation studies, these 

configurations yielded 20–25% higher internal 
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airflow velocities at pedestrian and occupant 

level (1.2 m height), indicating improved 

ventilation comfort. 

However, CFD is not without limitations. 

High-fidelity models require extensive 

computational time and processing power, 

especially in transient simulations. Moreover, 

simplified models may overlook thermal 

buoyancy effects, humidity variations, and 

dynamic occupancy patterns. Therefore, wind 

simulation should be treated as one component 

in an integrated environmental analysis, best 

used in combination with solar radiation 

mapping and real-world weather datasets. 

To bridge the gap between research and practice, 

simplified simulation workflows and training 

for local architects and planners are needed. 

Initiatives like the Design Against the Elements 

Program and university-based technical centers 

are starting to embed CFD into design curricula 

and low-cost housing research, but wider 

adoption remains limited. 

In conclusion, wind simulation provides a 

critical evidence base for climate-responsive 

design, allowing practitioners to move from 

intuition to quantifiable performance. As 

simulation tools become more accessible and 

contextually calibrated, they hold the potential 

to transform how low-rise housing is conceived, 

especially in rapidly warming tropical cities. 

6. Synthesis of Wind and Solar Parameters in 

Integrated Ventilation Strategy 

The effective application of passive cooling in 

low-rise residential buildings in Manila depends 

not only on the independent optimization of 

wind and solar strategies, but on their synthesis 

into an integrated design framework. Both wind 

behavior and solar radiation are dynamic, 

context-specific phenomena that interact with 

each other spatially and temporally. A successful 

passive ventilation strategy must therefore 

mediate these forces to produce thermally 

balanced, airflow-enhanced environments, 

particularly under tropical urban conditions 

where heat and humidity co-exist with airflow 

constraints. 

This synthesis begins with the overlapping 

spatial analysis of solar exposure and wind flow. 

Using environmental simulation tools—such as 

Ladybug Tools in Rhino-Grasshopper or 

Autodesk Insight—designers can generate solar 

radiation maps and wind pressure fields for 

building surfaces. These datasets inform critical 

design decisions regarding opening placement, 

orientation, shading, and building porosity. For 

example, a façade that receives high afternoon 

solar gain but also lies in the path of prevailing 

wind may require both solar protection and 

carefully modulated ventilation 

apertures—balancing heat rejection and airflow 

intake. 

One key strategy is the use of operable shading 

systems—such as adjustable louvers, overhangs, 

or woven screens—that can block intense 

sunlight while still allowing airflow. In 

simulation studies of prototype units in 

Mandaluyong, configurations with angled 

perforated shading panels on west-facing 

openings reduced direct solar radiation by 65% 

while maintaining 80% of natural airflow 

potential compared to fully open windows. 

These hybrid systems are particularly effective 

in rooms used during peak heat hours, such as 

kitchens and upper-floor bedrooms. 

Another integrative tactic involves aligning 

ventilation paths with shaded zones, ensuring 

that incoming air is as cool as possible. For 

example, pulling air through shaded front yards 

or vegetated setbacks helps reduce the enthalpy 

of incoming air, enhancing the cooling 

effectiveness of cross-ventilation. Conversely, air 

that passes over sun-heated surfaces may 

increase indoor thermal loads unless filtered or 

redirected. This requires zonal planning of site 

landscaping, open spaces, and neighboring 

massing to coordinate airflow and shading 

effects. 

Roof design also plays a role in synthesis. 

Ventilated double roofs or solar chimneys can 

leverage both wind-induced suction and 

solar-induced buoyancy to enhance vertical air 

movement. A simulation-based case study by 

the University of Santo Tomas demonstrated 

that low-income prototype homes with 

combined ridge vent + solar collector units 

achieved up to 35% greater indoor airflow rates 

than single-opening systems under still-air 

midday conditions. 

To ensure robust performance, design must 

accommodate diurnal and seasonal variation. 

During still, high-radiation afternoons in the dry 

season, solar control must dominate, while in 

humid monsoon evenings with cooler 

temperatures, maximizing airflow is the priority. 

This calls for adaptive, user-controllable 

systems—such as vent shutters or roll-up 
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shading membranes—that respond to real-time 

conditions. Integration of low-tech sensors or 

passive indicators can empower residents to 

modulate airflow and shading dynamically 

without complex controls. 

Finally, synthesizing wind and solar data 

supports multi-objective optimization in 

parametric design workflows. Genetic 

algorithms in platforms like Galapagos or 

Octopus (used in Grasshopper) can evaluate 

hundreds of design permutations based on 

comfort indices (PMV, SET), daylight autonomy, 

solar gain thresholds, and ACH rates. These 

tools help identify non-obvious trade-offs and 

synergies, guiding designers toward 

high-performance, low-cost outcomes. 

In conclusion, integrating wind and solar 

analysis is not a post-design validation step but 

a generative design method. By treating 

environmental forces as primary design drivers 

rather than external constraints, architects and 

planners in Manila can craft housing that is 

resilient, responsive, and energy-efficient by 

design. The next section applies these principles 

in simulated design scenarios to demonstrate 

their real-world feasibility. 

7. Testing of Design Strategies in Metro 

Manila-Based Case Scenarios 

To evaluate the practical effectiveness of 

integrated ventilation strategies combining wind 

simulation and solar radiation control, this 

study conducted a series of case-based design 

simulations rooted in the built context of Metro 

Manila. These tests aimed to validate how 

different combinations of form, orientation, 

materiality, and passive systems could improve 

indoor thermal comfort and airflow conditions 

in low-rise residential units—especially under 

constrained urban settings. 

Two primary case scenarios were selected: 

• Case A: A standard row-type socialized 

housing unit in Quezon City, based on 

actual blueprints from the National 

Housing Authority (NHA) 

• Case B: A prototype dual-aspect corner 

unit with integrated passive design 

interventions, developed as a theoretical 

design model for evaluation 

Both cases were subjected to environmental 

simulation workflows using Rhino-Grasshopper 

with Ladybug and Butterfly plugins. 

Site-specific weather data were imported from 

the EnergyPlus Typical Meteorological Year 

(TMY) file for Manila, and simulations were 

conducted for both dry and wet season 

scenarios. 

Key Performance Parameters: 

• Air velocity distribution at 1.2 m 

occupant height 

• Air Changes per Hour (ACH) in living 

and sleeping areas 

• Solar radiation on external envelope 

(kWh/m²/day) 

• Indoor operative temperature (°C) 

under naturally ventilated conditions 

• PMV (Predicted Mean Vote) for thermal 

comfort evaluation 

Results: 

Case A (baseline model): 

• Mean indoor wind velocity: 0.14 m/s 

• Average ACH: 2.1 

• Peak wall radiation (west): 4.2 

kWh/m²/day 

• Peak operative temperature (3 p.m.): 

35.6°C 

• PMV range: +2.2 to +2.6 (hot to very hot) 

Case B (optimized model with integrated 

strategy): 

• Mean indoor wind velocity: 0.39 m/s 

• Average ACH: 7.8 

• Peak wall radiation (west, shaded): 1.6 

kWh/m²/day 

• Peak operative temperature (3 p.m.): 

31.1°C 

• PMV range: +0.8 to +1.4 (slightly warm 

to warm) 

Notably, Case B maintained ACH above 5 even 

during still wind conditions, due to roof-vent 

interaction and thermal stack effects, supported 

by solar chimney integration. Wind vectors 

indicated efficient cross-ventilation in living 

zones and upward exhaust in sleeping areas, 

aligning with daily use patterns. Solar shading, 

meanwhile, reduced late-afternoon heat 

build-up, enabling interior spaces to cool more 

rapidly during the evening. 

Residents in comparable built units (from 

interviews in similar nearby housing projects) 

reported high afternoon discomfort and electric 

fan use for at least 6–8 hours daily, reinforcing 
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the need for passive solutions. 

These results demonstrate that composite 

strategies—rather than singular 

interventions—offer the most robust 

performance, particularly when customized to 

the microclimatic conditions of Metro Manila. 

Furthermore, performance gains were achieved 

without mechanical systems, indicating 

potential for low-cost, low-tech solutions in 

future social housing development. 

The process also highlighted the importance of 

simulation in early-stage design. Iterative 

adjustments in window geometry, opening 

placement, shading length, and roof form were 

made based on simulation feedback, enabling 

optimization that would not be intuitive through 

rule-of-thumb approaches alone. 

In conclusion, the tested case scenarios affirm 

that integrated passive strategies grounded in 

wind and solar data can dramatically enhance 

comfort performance in tropical low-rise 

housing. In the final section, we reflect on how 

these findings can inform policy, scale-up 

implementation, and drive a new design 

paradigm for resilient urban living in Southeast 

Asia. 

8. Prospects for Scalable Climate-Responsive 

Housing Solutions in Tropical Cities 

The integration of wind-driven ventilation and 

solar control in low-rise residential buildings 

offers a promising pathway toward 

climate-adaptive, energy-efficient, and socially 

inclusive housing solutions in tropical cities. In 

rapidly urbanizing regions like Metro 

Manila—where heat stress, informal 

development, and energy poverty intersect—the 

application of passive environmental design is 

no longer an architectural ideal, but a public 

necessity. The results of this study affirm that 

localized, data-driven strategies can deliver 

significant gains in thermal comfort and reduce 

dependence on active cooling, even in 

constrained urban settings. 

Scaling such solutions, however, requires a shift 

at multiple levels: design practice, policy 

frameworks, and construction ecosystems. 

At the design level, the integration of 

environmental simulation tools—such as CFD, 

solar radiation mapping, and thermal comfort 

modeling—must become part of mainstream 

residential planning, not just in high-end or 

experimental architecture. Capacity-building 

programs targeting local architects, engineers, 

and technical schools can help mainstream 

climate-resilient thinking at the drawing board 

level. The increasing accessibility of open-source 

tools like Ladybug Tools, OpenFOAM, and 

DesignBuilder makes this not only possible but 

practical. 

From a regulatory perspective, building codes 

and housing policy must evolve to include 

performance-based metrics rather than 

prescriptive checklists. Current social housing 

guidelines in the Philippines, while 

cost-conscious, often overlook thermal quality, 

ventilation efficiency, or microclimate response. 

Incorporating passive design standards, inspired 

by frameworks such as ASEAN SHINE, EDGE, 

or even vernacular best practices, could provide 

a scalable blueprint for both public and private 

developers. 

Importantly, the replication of these strategies 

must be context-sensitive. What works in Metro 

Manila may require adjustment in Cebu, Jakarta, 

or Ho Chi Minh City due to differences in wind 

patterns, urban density, and socio-economic 

dynamics. Thus, a “design-for-local-climate” 

model, supported by regional data and iterative 

prototyping, is essential to successful 

adaptation. 

Equally crucial is the question of affordability. 

While many passive strategies are low-tech and 

cost-efficient in operation, initial investments in 

better materials, shading systems, or simulation 

services may raise construction costs slightly. To 

bridge this gap, green financing mechanisms, 

incentives for sustainable development, and 

public-private partnerships should be mobilized. 

Pilot programs can demonstrate 

return-on-investment in terms of reduced 

energy bills, improved health outcomes, and 

disaster resilience—thereby reframing passive 

design as not just ecologically wise, but 

economically smart. 

Finally, the value of climate-responsive housing 

extends beyond comfort. It touches on climate 

justice, disaster risk reduction, and urban equity. 

In a region where extreme weather events, 

heatwaves, and energy shortages are expected to 

intensify under climate change, housing must be 

a frontline defense—not a vulnerability. Scalable 

passive strategies empower communities to 

adapt with dignity, autonomy, and resilience. 

In conclusion, the strategies explored in this 

study illustrate that climate-conscious 
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architecture is not limited by budget or 

complexity—it is limited only by mindset. With 

the right tools, policies, and cultural shift, 

tropical cities like Manila can pioneer a new 

generation of housing: one that breathes with 

the wind, shields from the sun, and uplifts the 

everyday experience of living in the heat. 
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