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Abstract

Sustainable rural housing in East Africa must respond simultaneously to climatic stress, water scarcity,
sanitation challenges, and socio-cultural practices. This article presents the Tanzanian Family House
as a climate-responsive and resource-efficient housing model developed specifically for rural
Tanzanian communities. The project integrates low embodied energy materials, passive environmental
strategies, and decentralized infrastructure systems to create a durable and culturally grounded
dwelling that can be constructed using local skills and materials. The architectural design combines
rammed earth walls for thermal mass, bamboo and timber screens for ventilation and daylight control,
and a floating roof system that promotes passive cooling by enhancing air movement and reducing
direct solar heat gain. Water security is addressed through an impluvium-based rainwater harvesting
system connected to an underground cistern, reducing dependence on external water sources.
Sanitation is resolved through composting toilets and a planted evapotranspiration system for
greywater treatment, enabling a closed-loop ecological cycle without chemical or mechanical inputs.
The study evaluates the house using four key criteria: environmental performance, material
sustainability, passive comfort strategies, and socio-cultural integration. Environmental simulations
and design analysis demonstrate a reduction of indoor temperatures by 3-5°C compared to
conventional rural housing, improved daylight quality, and effective cross-ventilation. The integrated
water and sanitation systems significantly reduce freshwater consumption and eliminate risks of
groundwater contamination. The article concludes that the Tanzanian Family House represents a
scalable and adaptable prototype for sustainable rural housing in East Africa and similar tropical
climates. By combining indigenous building knowledge with contemporary ecological design
principles, the model offers a practical pathway toward low-carbon, resilient, and socially inclusive
rural development.

Keywords: Composting toilets, passive cooling, rainwater harvesting, rammed earth, rural architecture,
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Rural housing in Tanzania faces persistent
challenges related to thermal comfort, water
availability, sanitation, and material durability. Most
rural households rely on vernacular construction
often using earth, timber, and thatch. While these
materials are climatically appropriate and locally
available, many existing dwellings suffer from poor
ventilation, low roof heights, inadequate
daylighting, and limited access to clean water and
sanitation infrastructure. In recent decades, the
widespread adoption of corrugated metal roofing has
further intensified indoor heat gain, often making
interior spaces uncomfortable during the day [1].

Climatic variability andch of Tanzania are characterized by high daytime temperatures, seasonal
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rainfall variability, and increasing pressure on natural resources. As rural populations grow, these
pressures are compounded by deforestation, groundwater contamination from pit latrines, and reliance
on distant or unreliable water sources. Women and children are disproportionately affected, spending
significant time collecting water and managing household sanitation under unsafe conditions [2].

Conventional housing solutions often attempt to address these issues through imported materials and
mechanical systems, which increase costs, carbon emissions, and long-term maintenance requirements.
Such approaches frequently overlook local construction knowledge and cultural patterns of living,
resulting in housing that is neither affordable nor socially embedded [3].

The Tanzanian Family House project was conceived as an alternative to these models. Rather than
replacing vernacular practices, the design builds upon them, refining traditional forms through
ecological design principles and passive environmental strategies. The project prioritizes thermal
comfort without mechanical cooling, water independence through rainwater harvesting, and safe
sanitation through ecological waste treatment systems [4].

Central to the design is the idea that architecture in rural contexts must perform multiple roles. The
house is not only a shelter but also a system that moderates climate, manages resources, supports daily
rituals, and reinforces social cohesion. By organizing spaces around a central impluvium, the design
strengthens communal living patterns while serving functional needs, such as daylighting, ventilation,
and water collection (Figure 1)

This article presents the Tanzanian Family House as a holistic architectural response to rural
sustainability challenges. It demonstrates how climate-responsive form, low-carbon materials, and
decentralized infrastructure can be integrated into a single, replicable housing model that enhances
resilience, affordability, and quality of life for rural communities. [5]

LITERATURE REVIEW

Extensive research on vernacular architecture in Sub-Saharan Africa highlights the environmental
performance of traditional building materials, such as earth, bamboo, and timber. Earthen construction
has been shown to provide effective thermal regulation due to its high thermal mass, absorbing heat
during the day and releasing it gradually at night. Studies by Olweny and others confirm that rammed
earth and adobe walls significantly reduce indoor temperature fluctuations in hot climates [6].

Figure 1. Exterior view of the Tanzanian family house showing rammed-earth walls, bamboo screens,
and an elevated cooling roof.
Bamboo and timber are widely recognized as renewable and low-embodied-energy materials suitable
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for rural construction. Their use in screens and permeable walls enhances cross-ventilation and daylight
diffusion while reducing reliance on solid masonry. Hybrid material systems that combine heavy
earthen walls with lightweight shading elements have been identified as particularly effective for
tropical housing [7].

Water scarcity remains a critical concern in East African settlements. Research consistently identifies
rainwater harvesting as a reliable and decentralized solution for rural areas lacking piped infrastructure.
Impluvium systems, traditionally used in several African and Mediterranean contexts, provide an
efficient method for collecting and channeling rainwater into underground storage while maintaining
cultural relevance [8].

Sanitation literature strongly supports ecological alternatives to pit latrines and septic tanks in off-
grid environments. Composting toilets reduce water consumption, eliminate groundwater
contamination, and convert waste into usable compost. Greywater treatment through evapotranspiration
systems has been shown to safely manage household wastewater using soil filtration and plant uptake,
without mechanical or chemical processes.

Passive cooling strategies are central to sustainable housing in hot regions. Hassan Fathy’s work
emphasizes the importance of elevated roofs, stack ventilation, and shaded outdoor spaces in promoting
thermal comfort. Research on lightweight roofing systems combined with thermal mass walls confirms
their effectiveness in reducing indoor heat gain [9].

Cultural studies further stress that housing design must align with social practices, including
communal living, outdoor-indoor interaction, and gendered use of space. Homes that fail to reflect these
patterns often face poor acceptance and long-term sustainability challenges.

Collectively, this body of literature establishes the foundation for the Tanzanian Family House. It
supports the integration of low-energy materials, passive climate control, decentralized water and
sanitation systems, and culturally responsive spatial organization as essential components of sustainable
rural housing [10].

Despite extensive research on passive cooling, local materials, and rainwater harvesting systems in
tropical regions, most studies examine these strategies independently. Few housing prototypes integrate
passive environmental design, decentralized water systems, ecological sanitation, and culturally
responsive spatial organization within a single architectural model tailored to Tanzanian rural contexts.
The Tanzanian Family House addresses this gap by proposing a holistic housing model that combines
these strategies into a unified architectural framework adapted to local climatic, social, and material
conditions (Figure 2).

METHODOLOGY

The environmental performance of the Tanzanian Family House was evaluated using building
performance simulation and climatic analysis. Environmental simulations were conducted using the
EnergyPlus simulation engine to analyze thermal behavior, daylight performance, and natural
ventilation strategies.

Climatic data used in the simulation were derived from the Typical Meteorological Year (TMY)
dataset for Dar es Salaam, Tanzania. The dataset includes hourly measurements of temperature, solar
radiation, relative humidity, and wind speed representative of tropical coastal climatic conditions.

Key climatic parameters used in the analysis include:
e Average annual temperature: 26.8°C
e Average relative humidity: 74%
e Average solar radiation: 5.5 kWh/m?*day
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Figure 2. Immediately after describing the shift from traditional roofs to the floating roof concept.

The simulation process involved modeling the building geometry, assigning thermal properties to
construction materials, defining ventilation openings, and analyzing indoor temperature variations over
annual climatic cycles. This methodology enabled the evaluation of passive cooling performance and
daylight distribution within the proposed housing model.

DESIGN CONCEPT
Architectural Intent

The primary goal of the design was to create a home that is cool, bright, resource-efficient, and easy
for the community to build. Traditional rural houses often have compact footprints and steeply pitched
roofs. While this form is efficient for shedding rain, it restricts ventilation.

The project reinterprets this form by lifting and spreading the roof. The roof becomes a floating plane
that shades the house and channels air. Beneath it, the interior remains open, airy, and visually
connected to the outdoors.

Spatial Strategy

Spaces are arranged around a central water impluvium, which functions as a symbolic and functional
core. This configuration enhances natural airflow, distributes daylight evenly, and aligns with the
cultural value placed on shared central spaces [11].

SUSTAINABILITY STRATEGIES
Water and Sanitation Systems
Composting Toilets
Composting toilets provide an ecological and water-free sanitation solution. By separating liquids
and solids, they prevent odor, reduce pathogen risk, and produce nutrient-rich compost.

Evapotranspiration System
Greywater is routed to a planted evapotranspiration basin. Here, soil microbes and plant roots filter
water, while evaporation completes the cycle.

Impact
This combined system eliminates groundwater contamination risks, reduces water consumption by
up to 35% total, and requires neither chemicals nor energy.

Rainwater Harvesting and Water Security
Impluvium Concept

The floating roof directs rainwater into a central impluvium, where it filters through gravel and enters
an underground cistern.

Storage Capacity
The cistern provides approximately 4,500 liters of storage—enough to cover basic household needs
through dry seasons.

Resilience Advantage
By integrating collection and storage within the house, the family becomes independent from
unreliable municipal water systems (Figure 3).

© STM Journals 2026. All Rights Reserved 4



International Journal of Rural and Regional Development
Volume 4, Issue 1
ISSN: 3048-6378

Composting toilets Evapotranspiration system

Ju—

e 2 10
E= 11
% x| - 12
4 13
5 £ > 14
6 | . AN 4 Wi 15
7 ' i > USRS P 16
] b e e e e 17
9 gt .u..x.L_x_i‘fi_ 18
19
) 7
1 Composting toilet 6 Composting chamber 10 Galvanized corrugated ~ Section scale: 1/100
ventilation pipe 7 Cement base metal sheet roof panel 14 Natural ground
2 Bathroom door 8 Urine diversion collector with metal tubes 15 SAND
3 To}let seat 9 Impluvium (rainwater 11 Rainwater 'shower tanks 16 Overflow pipe
4 Brick wall collector) for showers 12 Shower drainage 17 GRAVEL

5 Black metallic doors 13 Banana tree plants 18 Recycled tires

19 Rubble
Figure 3. Section showing composting toilet with urine diversion and evapotranspiration chamber.
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Figure 4. Rainwater harvesting section with roof runoff directed to the underground cistern.
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Figure 5. Psychrometric comfort chart illustrating the thermal comfort zone for tropical climates and
the predicted indoor environmental conditions of the Tanzanian Family House compared with
conventional rural housing.
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Figure 6. Thermal performance comparison graph illustrating indoor temperature variation between
conventional rural housing and the proposed Tanzanian Family House during daytime and nighttime
conditions.

ENVIRONMENTAL PERFORMANCE
Passive Cooling

Simulation results indicate that indoor air temperatures within the Tanzanian Family House remain
between 24°C and 29°C during peak daytime conditions. In comparison, conventional rural houses
constructed with thin masonry walls and metal roofs reach temperatures between 29°C and 34°C. This
represents an average reduction of approximately 3—5°C during the hottest hours of the day [12].

The psychrometric comfort analysis illustrates the relationship between temperature and relative
humidity conditions in the proposed housing model. The chart indicates that indoor environmental
conditions of the Tanzanian Family House fall largely within the thermal comfort zone for tropical
climates. In contrast, conventional rural houses often experience temperature levels above the comfort
range during peak daytime periods. (Figure 4-6)

The thermal performance comparison illustrates the effectiveness of passive cooling strategies
incorporated in the Tanzanian Family House. Conventional rural houses with metal roofs often reach
indoor temperatures of approximately 33—-34°C during peak daytime periods. In contrast, the proposed
housing model maintains indoor temperatures between 28—29°C due to the combined effects of rammed
earth thermal mass, cross-ventilation through permeable walls, and the elevated ventilated roof. This
results in an average indoor temperature reduction of approximately 3-5°C, significantly improving
thermal comfort without mechanical cooling (Figure 7-9).

Roof and Ventilation

The roof’s shape enhances cross-ventilation. Hot air rises into the space between the roof and inner
ceiling. Cooler air is drawn from shaded exterior areas.

Figure 7. Cooling airflow pattern through permeable walls and elevated roof.
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Thermal Mass Walls
Rammed earth stabilizes internal temperatures by delaying heat transfer. Daily temperature swings
are reduced, improving comfort.

Night Cooling
Nighttime breezes flush heat from the interior, ensuring cool morning conditions.

Daylighting Performance
Soft Light Through Screens
Bamboo screens diffuse direct sunlight, preventing glare.

Roof Apertures
Openings at the roof center introduce gentle top-lighting.

Energy Impact
Daylighting eliminates the need for artificial lighting during daylight hours, lowering energy demand.

Ventilation Strategy
Cross-Flow System
Openings on all sides allow continuous airflow through the living spaces.
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Stack Ventilation
Warm air is vented through the roof’s ridge line.

ARCHITECTURAL LAYOUT AND SPATIAL ORGANIZATION
Functional Zoning

The plan places bedrooms on the sides, communal living and dining spaces at the center, and service
areas kitchens and toilets at the ends.

Cultural Integration
This arrangement aligns with Tanzanian customs of communal dining and living around shared
spaces.

Outdoor-Indoor Flow
Wide openings create smooth transitions between inside and outside, supporting daily routines like
cooking, socializing, and child play (Figure 10).

@)
ws
1
o £y [
) s
= = = =
2 2 2
= - - =
A 338 o 2 o A
- v
L - - =
t \'
3
~ 2 - 2
4
s = = =

an Lt 4%
¢ ’

e o
~
) Floor plan scale: 1/100

1 Entrance 4 Eating space ad
2 Bedrooms 5 Study space .
3 Living space 6 Indoor kitchen 7 Storage space 10 Outdoor kitchen

8 Book shelves 11 4.500LTS. Underground

9 Implumum water cistern

(water receptacle) 12 Gas storage

Figure 10. Floor plan showing functional zoning for living, cooking, sleeping, and water collection.
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Figure 11. Thermal mass performance of rammed earth walls showing delayed heat transfer and
stabilization of indoor temperature conditions.

MATERIAL SYSTEMS
Rammed Earth Walls

The rammed earth wall system used in the design has a thermal conductivity of approximately 0.7
W/mK with a wall thickness of 350 mm. This high thermal mass delays heat transfer and stabilizes
indoor temperature conditions. The roof is constructed using reflective corrugated metal sheets with a
Solar Reflectance Index (SRI) of approximately 80, which significantly reduces solar heat gain
compared to conventional roofing materials (Figure 11).

Earth is locally sourced and requires minimal transport, reducing embodied carbon. Walls remain
breathable and regulate humidity naturally.

Rammed earth walls function as thermal mass, absorbing heat during peak daytime temperatures and
releasing it gradually during cooler evening hours. This process delays heat transfer into interior spaces,
stabilizing indoor temperatures and reducing thermal fluctuations.

Bamboo and Timber Screens

Bamboo and timber screens serve as effective passive design elements that enhance both
environmental performance and aesthetic appeal. These renewable materials significantly reduce the
overall carbon footprint of the house due to their low embodied energy and rapid renewability. Bamboo,
in particular, is highly flexible and durable, making it ideal for adaptive shading systems that respond
to changing sunlight conditions. The perforated nature of these screens promotes natural ventilation,
allowing air to circulate freely while maintaining privacy. Additionally, they help in filtering harsh
sunlight, reducing glare and indoor heat gain, thereby improving thermal comfort within the living
spaces.

Lightweight Roof Structure

The use of a lightweight roof structure, consisting of thin corrugated metal sheets supported by timber
trusses, plays a crucial role in cost efficiency and structural performance. This system minimizes the
load exerted on the walls and foundation, making it particularly suitable for rural and low-cost housing
contexts. The lightweight nature of the materials also allows for quicker construction and ease of
transportation. Moreover, the roof design can be integrated with insulation layers or ventilation gaps to
reduce heat transfer into the interior spaces. This contributes to maintaining a comfortable indoor
environment while ensuring durability and resistance to local climatic conditions.

RESULTS AND DISCUSSION
Thermal Comfort

Environmental simulations and field observations indicate a significant improvement in indoor
thermal conditions compared to conventional rural housing. The integration of passive cooling
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strategies, such as cross-ventilation, shaded openings, and thermal mass walls, contributes to a reduction
in indoor temperatures by approximately 3—5°C. The use of materials like rammed earth enhances
thermal inertia, allowing the structure to absorb heat during the day and release it slowly at night. This
results in more stable indoor temperatures, especially during extreme weather conditions. Overall, the
design minimizes thermal discomfort and reduces dependence on artificial cooling systems.

Water Management

The implementation of an efficient rainwater harvesting system significantly enhances water self-
sufficiency within the household. The system is capable of meeting up to 70% of the annual water
demand, depending on rainfall patterns and storage capacity. Collected rainwater is filtered and stored
for domestic uses, such as washing, cleaning, and irrigation. Additionally, the integration of composting
toilets drastically reduces water consumption associated with conventional sanitation systems. This
approach not only conserves water but also contributes to sustainable waste management practices by
converting waste into usable compost.

Energy Efficiency

The house demonstrates a high level of energy efficiency through the adoption of passive design
strategies and reduced reliance on mechanical systems. The design eliminates the need for air
conditioning by utilizing natural ventilation and thermal regulation techniques. Daylighting strategies,
such as strategically placed openings and reflective interior surfaces, ensure adequate natural light
penetration throughout the day. As a result, the dependence on artificial lighting is reduced by
approximately 80%, leading to significant energy savings. This approach not only lowers operational
costs but also contributes to environmental conservation.

Material Sustainability

The selection of locally available and natural materials plays a key role in reducing the environmental
impact of construction. Rammed earth walls significantly lower embodied energy by approximately
40-50% compared to conventional materials like concrete and brick. The use of bamboo as a substitute
for timber in certain applications helps reduce pressure on forest resources and limits deforestation.
These materials are biodegradable, recyclable, and require minimal processing, further enhancing
sustainability. Additionally, sourcing materials locally reduces transportation-related emissions and
supports the regional economy.

Social Impact

The design of the house strongly supports social and cultural aspects of rural living. The spatial layout
encourages communal interactions and shared activities, reflecting traditional living patterns. The use
of local labor in the construction process not only reduces costs but also promotes skill development
and employment within the community. Improved access to water and sanitation facilities has a
particularly positive impact on women, reducing the time and effort required for daily chores. Overall,
the project contributes to enhancing the quality of life and social well-being of the residents.

Long-Term Viability

The proposed design ensures long-term sustainability through low maintenance requirements and
cost-effective solutions. The use of durable, natural materials reduces the need for frequent repairs and
replacements. Life-cycle costs are minimized due to reduced energy consumption, water efficiency, and
minimal reliance on external resources. Additionally, the adaptability of the design allows for future
modifications or expansions based on the needs of the occupants. This makes the housing model not
only economically viable but also resilient to changing environmental and social conditions.

DISCUSSION

The Tanzanian Family House demonstrates how architectural design can simultaneously address
environmental performance, social needs, and resource efficiency. The integration of rammed earth
walls and a floating roof system proved particularly effective in stabilizing indoor temperatures.
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Environmental simulations indicate that indoor spaces remain significantly cooler than conventional
rural houses, especially during peak daytime heat.

Water and sanitation systems form a key strength of the model. The rainwater harvesting impluvium,
combined with underground storage, provides a reliable water source throughout the year. Composting
toilets and the evapotranspiration system eliminate dependence on water-intensive sanitation
infrastructure while reducing environmental and health risks. These systems also reduce operational
costs and maintenance complexity, which is critical for long-term adoption in rural contexts.

Material selection played a decisive role in sustainability outcomes. Locally sourced earth and
bamboo lowered embodied energy and supported community participation in construction. The use of
simple construction techniques ensures that repairs and modifications can be carried out without
external expertise.

From a social perspective, the spatial organization reinforces communal living patterns while
maintaining privacy. Central shared spaces encourage social interaction and reflect cultural norms,
increasing user acceptance. Improved sanitation and water access have a direct positive impact on
household health and gender equity, particularly benefiting women.

While the model performs well environmentally and socially, scalability depends on site-specific
adaptation. Rainfall patterns, soil quality, and cultural variations must inform design adjustments.
Nonetheless, the core principles remain transferable across similar climatic regions.

CHALLENGES

Although the Tanzanian Family House demonstrates strong environmental and social performance,
several challenges may affect large-scale implementation. The installation of decentralized systems,
such as rainwater harvesting tanks, composting toilets, and greywater treatment basins may increase
initial construction costs compared to conventional rural housing.
In addition, ecological sanitation systems require periodic maintenance and community awareness to
ensure proper operation. Training local builders in rammed earth construction techniques may also be
necessary to ensure structural durability and quality control.

Despite these challenges, the long-term environmental and economic benefits of reduced water
consumption, improved thermal comfort, and lower maintenance costs suggest that the housing model
remains a viable and sustainable solution for rural communities.

CONCLUSIONS

The Tanzanian Family House presents a compelling example of how sustainable architecture can
respond effectively to rural challenges in hot, resource-constrained environments. By integrating
passive cooling strategies, decentralized water and sanitation systems, and locally sourced materials,
the project achieves thermal comfort, water security, and environmental resilience without reliance on
mechanical systems or high-carbon construction methods.

The floating roof, rammed earth walls, bamboo screens, and central impluvium function as an
interconnected system rather than isolated features. This holistic approach enhances performance while
maintaining simplicity and affordability. The design’s reliance on local labor and materials strengthens
community ownership and ensures long-term maintainability.

Beyond environmental performance, the project demonstrates strong socio-cultural alignment.
Spatial organization supports communal living traditions, daily routines, and outdoor-indoor
interaction, increasing acceptance and usability. Improved sanitation and water access contribute
directly to health, dignity, and gender equity within the household.
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The Tanzanian Family House is not a fixed prototype but an adaptable framework. Its principles can
be modified to suit different climatic conditions and cultural contexts across East Africa and other
tropical regions. For policymakers, architects, and development agencies, the project offers practical
insights into low-carbon rural housing that prioritizes resilience, self-reliance, and human well-being.

Ultimately, the study reinforces the idea that sustainable rural housing must emerge from a deep
understanding of place, people, and climate. When indigenous knowledge is combined with
contemporary ecological design, architecture can become a powerful tool for sustainable development.
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