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1. INTRODUCTION
Buildings have a strong potential to affect the environment and energy bills negatively or positively 

through their design and planning on site. Their contribution to climate change mitigation on greenhouse 
gas emission is directly related to the way they are designed in relation to the local climate, the site-
specific characteristics, and the embodied energy of the entire construction process. Designing an energy 
efficient built environment involves minimizing the wastage of resources while maximizing the use of 
renewable energy sources and passive building design options. 

A building/shelter is designed to protect its occupants from the adverse conditions of the weather 
therefore its envelop should be designed to respond to the local micro-climate. An environmentally 
sound building could save up to 70% of energy whilst responding to the need for visual and thermal 
comfort. Therefore, green building design strategies should address each of the following climatic data: 
temperature, solar radiation, relative humidity, rainfall, and wind. 

This manual presents how buildings can be designed to adapt to hot and arid climates, and particularly 
to the local climate of Marsabit town, and give indoor comfort whilst promoting durable shelter and 
environmental stability. 

1.1 OVERVIEW OF MARSABIT COUNTY

1.1.1 GEOGRAPHIC DATA OF MARSABIT

Marsabit County is the largest county in Kenya with a total area of 66,923 km2 (Figure 1). It lies 
between geographic coordinates of 02° 45’ North and 04° 27’ North and longitude 37° 57’ East and 39° 
21’ East bordering Ethiopia to the north, Wajir and Isiolo counties to the east and Samburu county to 
the South. It is made up of four constituencies - Laisamis, Moyale, Saku, North Horr with the main towns 
being Marsabit (the capital) and Moyale (the largest town). 

Most of the county comprises of an extensive plain lying between 300 - 900 metres above sea level 
(a.s.l), sloping gently towards the south east. The plain is bordered to the west and north by hills and 
mountain ranges that include: Mt. Kulal (2, 235 m a.s.l) in the north west, Ol Donyo Ranges (2, 066 m 
a.s.l) in the south west, Mt. Marsabit (1, 865 m a.s.l) in the central part of the county, Hurri Hills (1, 685 
m a.s.l) in the north-eastern part of the county and the mountains around Sololo-Moyale escarpment (up 
to 1, 400 m a.s.l) in the north east (Figure 2). Chalbi desert is a predominant physical feature forming a 
large depression covering an area of 948 square kilometres, lying between 435 – 500 metres elevation 
(County Government of Marsabit, 2017). 

1.1.2 DEMOGRAPHIC AND CULTURE

According to the Kenya 2009 Population and Housing Census (Kenya National Bureau of Statistics, 
2009), Marsabit County has a population of approximately 291,166 people. The population, whose 
main economic activity is livestock keeping, is composed of various ethnic communities that include: the 
Gabbra, who live in the Chalbi desert; the Cushitic Rendille, who live in Kaisut Desert; the Borana, who 
are found in living in Moyale, Waso and Saku; the Turkana, who live in Loiyangalani and the Samburu 
who live in areas around Korr, Laisamis and Karere. 

Traditionally, men are responsible for livestock rearing while women take the lead in taking care of 
children, performing day-to-day household chores and construction of portable home for their families. 
However, the communities have embraced formal schooling as evidenced by the roughly 40,000 students 
enrolled in the county’s 126 primary schools and a further 1,100 students attending high schools (Kenya 
Information Guide, 2015).
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Figure 1   Location of Marsabit county in Kenya 

Figure 2   Some of the mountain ranges and hills around Marsabit County

© UN-Habitat/Zeltia Blanco
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2. CLIMATIC DATA ANALYSIS OF    
 MARSABIT

 Climate is described as the average course or condition of the weather at a place usually over a 
period of years as exhibited by temperature, wind velocity, precipitation and humidity. It is an essential 
consideration in architectural design and has a major effect on the performance of a building and its 
energy consumption. 

Knowledge of climatic conditions therefore helps building professionals to develop appropriate 
responsive designs and consequently select suitable materials that meet climatic constraints. To achieve 
this, access to detailed climatic data is needed. In this way, a natural form of climate adaptation with 
energy consumption reduction can be reached. 

The East African region falls within the boundaries of the Equatorial climate which extends from 15° N 
and 15° S. However, a wide range of climatic conditions are experienced within the region as illustrated 
in Figure 3. These are divided into 6 climatic zones namely:

•	 Zone 1: Hot-humid 
•	 Zone 2: Hot arid
•	 Zone 3: Hot semi-arid / Savannah 
•	 Zone 4: Great Lakes 
•	 Zone 5: Upland  
•	 Zone 6: High upland

Marsabit county falls under Zone 2 and 3 which include areas that are far from the sea, with altitudes 
ranging from 0 m to 500 m. Its climatic characteristics are discussed below. 

2.1 AIR TEMPERATURE

Air temperature, which is a measure of how hot or cold the air is, is greatly influenced by geographical 
factors (latitude, hydrography and topography), surface texture, solar radiation, wind and location (i.e. 
rural vs urban setting). Daily and monthly temperature ranges enable the prediction of heat loss / gain 
in buildings therefore allowing the designer to make proper design responses to create indoor thermal 
comfort. 

Marsabit has high maximum temperatures and low minimum temperatures, with high temperature 
swings throughout the year. Figure 4 shows the average temperature data for Marsabit (30-year period). 
The hottest months are February and March and therefore the most prone to overheating while July 
and August are the coldest months. The mean maximum air temperature is about 25.7° C, the mean 
minimum air temperature is 15.9° C, and the mean temperature swing is about 9.8° C (Figure 5). 

This variation in temperature is one of the major variables for climate responsive design in Marsabit as 
the main aim is to design for both temperature extremes. A design that minimizes heat gain during the 
hot months and prevents heat loss during the cold periods is preferable. 
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Figure 3   Climate zones map of east Africa highlighting Marsabit county (UN-Habitat, 2015)

MARSABIT COUNTY
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Figure 4   Average temperature data for Marsabit (30-year period) (WMO, 2017)

Figure 5   Average daily temperature vriaion for Marsabit (30-year period) (WMO, 2017)
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2.2 RAINFALL

As presented in Figure 6, Marsabit experiences two rainy seasons namely the long-rains (March to May) 
and the short-rains (October to December). April is the wettest month with rainfall over 149 mm while 
August and September are the driest months with monthly rainfall of about 9 mm. The annual average 
rainfall is about 693 mm. 

Rainwater harvesting systems are necessary to store water during rainy seasons for later use during 
the dry periods. Maximization of the roof area with verandas and covered exterior areas is recommended 
to increase the rainwater collection for the dry seasons Design of buildings should also consider the 
following factors: drainage, waterproofness of the structure, roof pitch, choice of roofing and wall 
materials, gutter size, overhang size etc.  

As Marsabit is prone to flash floods, the following strategies are recommended to mitigate the effects:

•	 Avoiding flood prone areas during site selection
•	 Planting vegetation to minimize soil erosion
•	 Proper drainage to prevent pools of water that are a breeding ground for mosquitoes
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Figure 6   Average rainfall data for Marsabit (30-year period) (WMO, 2017) 

Figure 7   Corrosion of iron sheets from effects of humidity  
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Over the last 15 years there have been drought years when the rainfall patterns have changed drastically, 
so implementation of systems to store rainwater becomes critical in this region.

2.3 RELATIVE HUMIDITY

Relative humidity affects the behaviour of building materials and their rate of deterioration. High 
relative humidity quickens the corrosion of metals (such as galvanised iron sheets as seen in Figure 7) and 
retards evaporation from wet surfaces which may lead to warping and cracking of certain materials such 
as timber (Konya, 1980). It also affects the evaporation from the human body and thus has a direct effect 
on the thermal sensation and comfort (Hooper, 1975). 

Figure 8 shows the monthly minimum and maximum relative humidity levels in Marsabit where a high 
fluctuation between RH levels in the morning and afternoon can be observed (Figure 9). Relative humidity 
averages at 73% annually with the highest in April and the lowest in September coinciding with the 
wettest and driest months respectively (Figure 8).

© UN-Habitat/Zeltia Blanco
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Figure 8   Average relative humidity data for Marsabit

Figure 9   Average daily relative humidity fluctuations
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The areas around Mount Marsabit, such as Marsabit Town, experience long periods of fog during the 
early hours of the day, so water harvesting through fog catchers is a technology with great potential in 
these areas.  

2.4 SOLAR RADIATION

The sun emits radiant energy (solar radiation) in form of electromagnetic waves, infrared radiation, 
ultraviolet radiation and visible light. As it is the source of almost all of the earth’s energy, it influences 
most of the climatic phenomena (Boyle, 2012). Figure 10 shows the data on solar radiation incidence on 
a horizontal surface in the county. The mean monthly maximum and minimum solar radiation amounts 
are 6.79 and 5.54 kWh/m2/day which are experienced in September and November respectively. This 
shows that there is a huge potential for renewable energy through solar.

Design of buildings in Marsabit should exploit solar radiation during the cold periods and minimize 
its absorption during the hot periods to ensure indoor thermal comfort as well as reduction of energy 
associated with heating and cooling the building respectively. This can be achieved in terms of the 
building form and orientation; location and size of openings; appropriate sun shading options; type of 
glazing; external surfaces - choice of materials, type of textures and finishes; insulation materials and 
location; roof space ventilation etc.
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2.5 WINDSPEED AND DIRECTION

Wind is the movement of air masses caused by air temperature gradients as well as differences in 
atmospheric pressure. Natural air movement enables natural ventilation which is beneficial in the following 
ways: maintains the quality of air in buildings above a certain minimum level by replacing contaminated 
indoor air with outdoor fresh air; cools the building’s structure and promotes heat loss from the body thus 
providing thermal comfort (Hooper, 1975). 

The average windspeed in Marsabit is 8.9 m/s with the highest speeds being experienced in June and 
August at 10.9 and 11.0 m/s respectively. Hourly windspeed data obtained from EnergyPlus weather 
files (NREL, n.d.) shows that the most frequent windspeed is 8 m/s indicating great potential for power 
generation from wind energy (Figure 11). The wind rose diagram for Marsabit (Figure 12) shows that the 
prevailing wind direction is from south. Other times, the wind blows from south east.

Wind pressure should be considered carefully when designing building roofs in this region. Roofs 
should be designed against the wind as to prevent wind pressure from damaging the roofing structure. 
This is particularly important when making use of weak building materials such as iron sheets, which  are 
easily blown away by strong winds.

Figure 10  Average insolation incident on a horizontal surface (Weather Online, 2017)

Figure 11  Windspeed frequency distribution profile 
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Figure 12   Windrose diagram for Marsabit showing the prevailing wind direction  

                          between January 1996 – December 2016 (Weather Online, 2017)
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2.6 BIOCLIMATIC CHART

Passive strategies for building design derive from climatic conditions, since it is the gap between these 
and comfort conditions that create the need to take appropriate measures to reduce it as much as 
possible, without using any artificial heating or cooling systems. There is a great potential to reduce 
energy consumption in building using passive design strategies.  

Givoni’s bioclimatic chart (Figure 13) is a simple tool for analysing the climate of a particular place. It 
shows air temperature (represented by vertical lines) against relative humidity, (represented by curved 
lines) and can be used to express human thermal comfort, design strategies, and energy requirements 
for those strategies. Based on these two parameters, one can locate a point on the chart. If it lies within 
the comfort zone, then the conditions are comfortable. For any point falling outside this zone, corrective 
measures are required to restore the feeling of comfort. Thus, a bioclimatic chart can give information 
about the requirements for comfort at a particular time. Design decisions can be taken accordingly.

This chart suggests design strategies to adapt a building’s architecture to the prevailing climate 
according to six zones that are defined on the chart as shown in Figure 13. These zones include:

1. Comfort zone

This is the range within which occupants are 
satisfied with the surrounding conditions. Thermal 
comfort is experienced when the boundaries of 
air temperature are between 20 and 26 °C while 
relative humidity is between 20 and 80%.  

2. Natural ventilation zone

When the air temperature exceeds 26 °C or 
relative humidity is quite high (above 50%), natural 
ventilation can improve the thermal comfort. This 
extends the thermal comfort up to an outdoor air 
temperature limit to 32 °C. On the other hand, in 
conditions where the temperature exceeds 26 °C 
and relative humidity is below 50%, night cooling 
would be more appropriate than day ventilation.
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3. Evaporative cooling zone

When the air temperature is above 26 °C and 
relative humidity is below 20%, water vapour 
can be used to extend the thermal comfort zone 
by reducing air temperature and increasing the 
relative humidity of a space.

4. high thermal mass zone

High thermal mass can be used in a building to 
reduce variation in indoor temperature compared to 
outdoor temperature as well as reducing peaks in 
conditions of high diurnal temperature swing. This 
solution can be successfully used in locations where 
the relative humidity is between 10% and 50% and 
the air temperature between 26 and 35 °C.

5. high thermal mass and night   

 ventilation zone

Thermal mass in conjunction with night ventilation 
can be used to provide cooling in situations where 
the diurnal temperature swing is high and the night 
time temperature falls below 20 °C.

6. Passive heating zone

Where the air temperature is lower than 20 
°C, the use of passive solar heating is suitable 
for extending the thermal comfort zone. Other 
strategies include use of insulation.

In the case of Marsabit, the psychrometric chart developed using the weather data file obtained from 
the U.S Department of Energy using Climate Consultant software (University of California, n.d.) shows 
that most of the hourly points of outdoor dry bulb temperature and relative humidity fall within the 
comfort zone. 

However, a substantial portion falls below the comfort zone as seen in Figure 13 hence suggesting 
the need for space heating to achieve indoor thermal comfort. Passive heating through thermal mass is 
recommended. Stored heat in the building fabric during the day is released to the indoor space during 
the night/when indoor temperatures fall below outdoor temperatures. Passive heating may also be 
achieved through direct solar heat gain (especially during the cold period). Further, internal heat gains 
from occupants, lights and equipment are also helpful in extending the thermal comfort and reducing 
heating demand.

During certain periods of the year, the outdoor dry bulb temperatures and relative humidity fall above 
the comfort zone. In these conditions, daytime ventilation is not suitable because it would warm up the 
building. The best strategy is to limit ventilation during the day to reduce the flow of hot air coming in 
and to use night time ventilation hence exploiting the cooler air to cool the indoor space. 

High thermal mass can also be used in conjunction with night ventilation to provide passive cooling. 
During the night outside air is circulated through the building, cooling the building fabric. The cooling 
that is stored in the building fabric is then available to offset heat gains the following day and keep 
temperatures closer to comfort limits. This combination of thermal mass and night ventilation can be 
used to minimise or eliminate the need for mechanical cooling.

Note that the climatic data is based on meteorology information for Marsabit Town, which is affected 
by the Marsabit Mount rainforest. The conditions in other areas in the region farther away from the 
mountain might change considerably, increasing daily temperature and decreasing relative humidity.
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Figure 13  Givoni’s bioclimatic chart for Marsabit showing recommended design   

  strategies based on hourly data points for dry bulb temperature and relative  

  humidity 
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3. CLIMATIC RESPONSIVE BUILDING   
 DESIGN IN HOT AND ARID AREAS

 3.1 SITE ANALYSIS

Site analysis helps to identify opportunities or constraints which will influence the outcome of the 
urban design as illustrated in Figure 14. One should assess the local content including the topography 
of the site, collect data on temperature, relative humidity, wind speed and direction, precipitation over 
at least one year as well as solar path and radiation and eventually develop the bioclimatic chart for the 
location using data of temperature and relative humidity to utilise the best design responses according 
to the prevailing climate. 

The type of soil found on the site should be investigated to figure out the most suitable type of 
foundation to be used as well as the choice of the most suitable storm water drainage. Marsabit county 
has various soil types such as rich volcanic soils on the mountain tops and cambisols on the lower slopes 
of the mountains. Other areas have moderately deep clay loams while other places have stony or rocky 
soils (Kasabuli, 2016; Muya et al., 2011). Table 1 below summarises different types of foundation that 
may be used depending on the type of ground, soil type, building type and conditions of an area.

TYPE OF FOUNDATION SUITABILITY

Strip foundation

•	 Solid strong base

•	 Non-waterlogged areas

•	 Low level buildings / few floors

Pad foundation
•	 Soils with poor bearing capacity

•	 Black cotton soil

Raft foundation

•	 Sandy or loose soil with low bearing capacity

•	 Waterlooged areas but with low storied buildings

•	 For buildings on compressible ground such as very soft clay,alluvial deposits and 
compressible fill material where strip, pad and pile foundation would not provide a 
stable foundation without excessive excavation

Pile foundation

•	 For tall buildings in water logged areas

•	 Firm subsoil with shrinkable clay soil

•	 Soft subsoil with uncertain bearing capacity

Table 1  Different types of foundations (Barry, 1999)

Neighbouring buildings should be considered in the design of a proposed development as they have 
the potential to affect it in terms of daylighting, shading, ventilation etc. Activities that are likely to 
cause air or noise pollution should be sited away from areas where they are likely to cause disturbance 
to occupants. However, if the site is located near noisy areas such as roads, the building should be set 
as far back as possible. In addition, non-occupied spaces such as parking lots and landscaping features 
such earth berms may be used as sound buffers. Other options that can be considered include retrofitting 
existing poor buildings and giving preferences to brownfield sites over undeveloped green fields.
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3.1.1 SUN PATH DIAGRAM

Figure 15 shows the sun path diagram for 2° N latitude (for Marsabit). It shows the position of the 
sun (solar altitude and solar azimuth) for all hours of the year. Understanding the movement of the sun 
during the day and throughout the year allows for a qualitative analysis of the sunlight or shading of a 
site or part of a building. It is very useful for estimating the effects of the neighbouring buildings’ shading 
or sunscreen needs. Generally, the most successful orientation is that which has longer façades facing 
north and south. 

3.1.2 PREVAILING WINDS

Knowledge of the speed and directions of the prevailing winds will facilitate natural ventilation. The wind 
characteristics of a location enables the determination of proper building shape and orientation; type, 
size and position of openings; internal space configuration and siting of buildings on site. As illustrated 
in section 2.5, the main prevailing wind direction in Marsabit is from south and other times form south 
east. Orienting the openings in this direction will assist in natural ventilation. Medium openings with a 
window to wall ratio of 20 – 40% are preferred to allow for air movement. Single banked room with 
permanent provision for air movement are also recommended to promote natural ventilation (See section 
3.8 for more recommended strategies). However, prevailing wind direction might change depending on 
the location in a certain region, so it is critical to test the wind direction on the building site and search 
for any clues on the landscape and ask locals about the main wind direction throughout the year.

3.1.3 SITE TOPOGRAPHY AND DRAINAGE

The existence of rivers, streams, valleys, hills, mountains; may assist or obstruct natural cooling, wind 
and sun shading (Figure 16). Proper site analysis is required to maximize the use of the existing micro 
climate. Existing natural drainage patterns should be maintained around the site. Marsabit is prone to 
flash floods and therefore appropriate drainage techniques to mitigate storm water run-off should be 
provided. This will facilitate replenishment of the water table through rainwater infiltration (See section 
5.3 for more recommended strategies).

Figure 14  An illustration of site analysis

© UN-Habitat/Goodman Kazoora
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Figure 15  Sun path diagram for Marsabit at latitude 2° N that showcases the movement  

  lines of the sun relative to a location on earth

Figure 16  Landscape features found in Marsabit 

© UN-Habitat/Zeltia Blanco

3.1.4 VEGETATION

Vegetation helps in regulating temperature and dust reduction. Trees act as wind breakers as well 
as provision of shade and should therefore be considered in the design. If possible, existing vegetation 
should be preserved on site. Additional vegetation should be native and drought resistant suitable for 
the climate to minimise water required for irrigation (See section 3.15 for additional recommendations). 
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Figure 17  An illustration of conforming to the permitted ground coverage

3.1.5 BUILDING FOOTPRINT

A good site plan provides solar access during the cold season of the year and adequate sun protection 
and ventilation in warm seasons. The building footprint should conform to the permitted ground coverage 
and should ideally not cover more than 60% of the plot. The remaining area should be permeable (green) 
to ensure rainwater infiltration (natural draining) and avoid the Urban Heat Island (UHI) effect (Figure 17).

Adapted by Caterina Fiorani 

3.2 URBAN LAYOUT

The basic concerns of an urban layout are the provision of shading and air movement and therefore the 
analysis of the sun’s movement and the prevailing winds is very crucial in optimising the energy efficiency 
of the urban layout. The orientation of streets and the layout have a significant effect on the microclimate 
around buildings and on the access to sun and wind. The urban form can moderate the microclimate and 
improve the conditions for the buildings and their inhabitants. 

Settlements in hot arid zones such as in Marsabit are characterised by optimal protection against solar 
radiation by mutual shading which leads to compact settlements, narrow streets and small squares which 
are shaded by tall vegetation. Buildings in this region would greatly benefit from:

•	 close groupings of buildings to promote mutual shading and increase street shading 
(Figure 18);

•	 elongating buildings along the east-west axis to improve shading on the main north and 
south facing façades;

•	 rotation of buildings from the cardinal to increase street shading;
•	 narrow north-south streets to improve shading on the east-west facing façades;
•	 incorporation of green border of vegetation (such as along the plot boundaries and 

along streets) as well as landscaping within the site to cool incoming breezes. Planted 
areas can be as much as 5 - 8 °C cooler than built-up areas due to a combination of 
evaporation and transpiration, reflection, shading and storage of cold;

•	 protection of outdoor spaces and streets from the high sun by use of overhead shades.  

3.3 BUILDING ORIENTATION

Building shape and orientation are the first choices in the design process. They are also the most critical 
because they have the most impact on both thermal and visual comfort and on energy consumption. 
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Figure 18  Typical settlement for hot-arid regions

Figure 19  Orientation according to the sun’s movement 

The building orientation should be with respect to the sun to minimise façades facing east and west and 
consider local prevailing winds because of the connection with natural ventilation (UN-Habitat, 2015). 
Orientation of building in Marsabit should focus on reduction of solar gains and promotion of natural 
ventilation. This can be achieved using elongated forms along the east-west direction with the main 
openings facing north and south (Figure 19). It is recommended to position inlet openings within 35° of 
the wind direction to allow maximum cross-ventilation of the rooms.

3.4 BUILDING FORM / SHAPE

Marsabit has a high daily temperature swing of about 9.8° C meaning that buildings must be adapted to 
the extreme temperature conditions to achieve a well-balanced indoor climate. Not only cooling is needed; 
passive heating may be needed when the temperatures drop at night. The following design strategies are 
recommended:

•	 Compact buildings (low surface to volume ratio) are preferred to minimise the envelope 
are exposed to solar radiation thus minimising solar heat gains;
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•	 Courtyard shapes offer protection against solar radiation, glare, and hot dusty winds;
•	 Single banked forms promote cross-ventilation. However, during the hot periods, natural 

ventilation should be avoided during the day to prevent hot air from getting in the 
building. During this period, night ventilation is preferred to cool down the structure. 
These contrasting needs may efficiently be addressed through a courtyard building;

•	 Narrow building forms (with rooms not exceeding 7 m) are preferred to facilitate natural 
ventilation and allow daylighting when side lighting from one wall;

•	 High ceiling heights are recommended to facilitate adequate airflow - for residential 
buildings, ceiling heights should not be less than 2.7 m. For commercial buildings, the 
minimum ceiling heights is 3.6 m. Higher values are preferred e.g. 4.2 - 4.5 m. 

3.5 BUILDING LAYOUT

As previously mentioned, the focus in Marsabit is to reduce solar heat gains and promote natural 
ventilation for cooling. The allocation of spaces in buildings should therefore be strategic to enable this. 
The building layout should comply as follows:

•	 The recommended building along the east-west axis ensures solar exposure to the 
main façades (north and south facing) is reduced to a minimum. Major openings to the 
habitable spaces should be located to these façades (Figure 20). 

•	 Service spaces (non-habitable spaces) such as toilets, staircases, lifts, lobbies, stores, 
kitchens should be located on the west facing elevations to act as buffer zones against 
solar heat gains. 

•	 Habitable spaces such as living rooms should be on the north or south side with 
bedrooms preferable on the east side where it is relatively cool in the evening (Gut & 
Ackerknecht, 1993).

•	 If possible, spaces with high internal heat loads such as kitchens, mechanical rooms 
etc. should be separated from the main spaces or located on external walls for easy 
extraction of heat through high level windows or vents.  

•	 Spaces requiring better daylight conditions such as offices, classrooms etc. should be 
located on north or south facing façades as they require minimal solar protection. 

Service areas 
like bathrooms, 
kitchen, 
staircases, 
stores etc. 

Service areas 
like bathrooms, 
kitchen, 
staircases, 
stores etc. 

COURTYARD LAYOUT

L-SHAPED LAYOUT

RECTANGULAR LAYOUT

H-SHAPED LAYOUT

Habitable areas

Shaded areas

Habitable areas

Habitable areas

Habitable areas

Habitable areas

Habitable areas

Cool ventilation can be induced by a shaded 
and vegetated courtyard

Figure 20  Various appropriate buiding layout options 

Adapted by  Jerusha  Ngungui
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Figure 21  Courtyard

BOX 1 – COURTYARD  (UN-Habitat, 2015)

In a courtyard, as illustrated in Figure 21, a pool of cool night air can be retained, as it is heavier than 
the surrounding warm air. If the courtyard is small (width not greater than height), breezes will leave 
such pools of cool air undisturbed. The small courtyard is an excellent thermal regulator. High walls 
cut off the sun, except for around midday, and large areas of the inner surfaces and of the floor are 
shaded during the day, preventing excessive heating; moreover, the earth beneath the courtyard 
draws heat. During the night, the heat accumulated during the day is dissipated by re-radiation. Heat 
dissipation through the inside surfaces should be assisted during the night by adequate ventilation. 

Thus, the design of openings should be guided by two requirements: during the day, small openings 
would be most desirable; during the night, the openings should be large enough to provide adequate 
ventilation to dissipate the heat emitted by the walls and the floor of the courtyard.
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3.6 OPENINGS

The size and location of openings affects the indoor thermal comfort. It is estimated that 40% of the 
unwanted heat that builds up in a building is gained through openings. As Marsabit experiences high 
temperatures careful design of openings should be ensured as follows:

•	 Major openings should be located on the north and south facing façades away from 
direct sunlight and should be shaded by either roof overhangs, verandas or horizontal 
shading devices. In addition, solar protection with vegetation can improve the solar 
shading;

•	 Medium openings (WWR of 20-40%) are preferred;
•	 Openings on the east and especially west facing walls should be avoided or limited to a 

minimum to reduce heat gain as much as possible;
•	 High and low-level openings should be created in walls bordering courtyards to facilitate 

air movement;
•	 Small openings in perimeter walls are required for cross ventilation; 
•	 Shuttered and permanent openings are preferable to glazed windows except where 

exclusion of dust is required. Generally single glazing is sufficient for naturally ventilated 
buildings;

•	 Glass with lower solar heat gain coefficient is preferred to reduce the amount of solar 
heat gain thus reducing cooling loads;

•	 Window construction should have tight closing joints and profiles to prevent the 
penetration of hot air, dust, sand and insects when windows are closed.

3.7 DAYLIGHTING

Daylight reduces the need for artificial lighting inside the building therefore appropriate daylighting 
is important. The following factors must be considered in the early design stages to enable acceptable 
daylighting conditions: orientation and space organisation, shape and sizing of openings, internal surface 
properties, protection from solar gains/glare and thermal properties of windows.

In Marsabit, the above factors may be addressed in the following ways:

•	 All spaces as well as circulation areas (staircases, corridors etc.) should be provided with 
openings directly into the external environment for daylighting;

•	 Narrow building shapes (with rooms not exceeding 7 m) are preferable to deep 
buildings as they are easy to provide daylighting when openings are located on one 
external wall;

•	 The space depth should ideally not exceed 2.5 times the window-head-height (when 
there are no shading devices) and 2 times the window-head-height (when shading 
devices are used) as illustrated in Figure 22;

•	 However, if deep spaces are unavoidable, daylighting can be ensured through top 
lighting strategies such as clerestories, skylights, light shelves, solar tubes, atria, 
sawtooths, roof monitors etc.

•	 High level openings (located above the visual eye) allow indirect light reflected from 
the ground to be reflected by the ceiling hence ensuring maximum distribution of light. 
They also minimise glare and reduce heat gain (Figure 23);

•	 Low windows are also acceptable if they face a shaded courtyard or non-glaring 
surfaces;

•	 Windows should be at least 10% of a room’s floor area for daylighting, with at least 
5% that can be opened for ventilation;

•	 Light coloured interior finishes i.e. for walls, ceilings, etc. should be specified to enhance 
daylighting (Figure 24);

•	 Glazing with high visible light transmittance should be specified to enhance daylighting.
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Figure 22  Daylight penetration in a space varies linearly with window head height 

Figure 23  Opening types allowing the reduction of glare in a hot-arid climate

Figure 24  Light coloured interal wall and floor finishes to enhance daylight

Adapted by Caterina Fiorani 

Adapted by Caterina Fiorani 

© UN-Habitat/Zeltia Blanco
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3.8 NATURAL VENTILATION 

Natural ventilation affects three issues: health, the energy balance of the building and thermal comfort. 
In Marsabit, where there is a significant daily temperature variation, only night ventilation should be used 
(a high ventilation rate during the day would warm up the building structure, which would release the 
heat at night, leading to an  uncomfortable indoor environment; night ventilation, on the other hand, 
because of the low air temperature during the night, cools the building structure down, creating a more 
comfortable indoor environment the following day, provided that the windows are kept closed during 
daytime). This is accomplished by provision of the traditional courtyard building (see Box 1).

The following ventilation strategies are recommended for Marsabit:

•	 Building layout on site should be oriented to maximise surface exposure to prevailing winds;
•	 All buildings should have operable widows to facilitate natural ventilation. These openings 

should be placed normal to the predominate wind direction to enhance airflow;
•	 All buildings should have provision for natural ventilation – either horizontal (cross-

ventilation) or vertical (stack effect). Cross-ventilation include locating openings on 
opposite walls while stack ventilation strategies include provision of low and high-level 
windows, permanent vents above windows and doors or high-level outlets such as 
atriums, ventilation chimneys, attic roof vents, ridge vents, clerestory windows, wind 
cowls, etc. (Figure 25);

•	 Narrow buildings are preferred to maximise ventilation. Single side window openings 
can ventilate a space up to a depth of 6 – 7 m. With cross ventilation, a depth of up to 
15 m may be naturally ventilated (However, in the case where a room has only one wall 
exposed to outside, two windows should be provided and positioned as far from each 
other as possible to improve cross ventilation.);

•	 Room organisation should also facilitate cross and stack ventilation as illustrated in 
Figure 26;

•	 Ventilation openings in internal walls should be provided especially in double banked 
buildings to enhance cross ventilation;

•	 Spaces such as bathrooms and kitchens should have openings on the external wall to 
prevent build-up of moisture in the air that result to the growth of mould;

•	 Wind catchers may be used in the following instances: in case of low-rise, high density 
settlements where it is difficult to get good wind access or when conflict between the 
best orientation for shade and wind forces sun protection to be favoured, or when the 
shape of the plot does not allow the building to be oriented to take advantage of the 
prevailing wind direction;

•	 Natural ventilation can also be induced using solar chimneys or wind cowls that extract 
air from the building. 

Figure 25  Permanent vents below the roof and above doors and windows (left), wind  

  cowls (right) 

© UN-Habitat/Zeltia Blanco © UN-Habitat/Jerusha Ngungui
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3.9 PASSIVE COOLING

Marsabit experiences high temperatures especially during the hot periods therefore passive cooling 
may be used to provide indoor thermal comfort while reducing the energy costs associated with cooling. 
Passive cooling may be achieved through main strategies: heat prevention and heat dissipation. 

Heat prevention strategies suitable for Marsabit include:

•	 Building orientation along the east-west axis to prevent overheating;
•	 Appropriately shading all openings (see section 3.11);
•	 Avoiding or minimising glazed surfaces on the east and west facing elevations;
•	 Location of non-habitable spaces such as bathrooms, stores, staircases etc. on the east 

and especially west sides of the building to act as buffer zones thus preventing heat 
gain to habitable spaces;

•	 Use of light coloured and reflective external finishes on walls and roofs to reflect 
unwanted solar radiation (Figure 27);

•	 Use of high thermal mass materials with an 8-hour time lag;
•	 In Marsabit, most of the heat gain into buildings is through the roof and therefore they 

should be well Insulated or the space between the roof and the ceiling should be well 
ventilated;

•	 Landscaping around the building to provide additional cooling through shading and 
evaporative cooling.

In Marsabit, heat from buildings can be dissipated in the following ways:

•	 Use of operable openings that are oriented to take advantage of the prevailing wind 
direction;

•	 Exploring cross and stack ventilation to improve natural ventilation through appropriate 
location of opening and room arrangement (see section 3.8);

•	 Locating vegetation in the path of prevailing winds for evaporative cooling;
•	 Courtyard building shape with vegetation to enhance evaporative cooling
•	 Ceiling fans may be used in cases where due to the noise of the external traffic, it is 

very often not possible to keep the windows open for natural ventilation at night; 
where the internal heat loads due to equipment are significant or where it is not 
possible to adequately protect the interior space from solar gain; or in spaces with no air 
conditioning and where air movement is not sufficient. The minimum ceiling height for 
the use of fans is 2.7 m. The blades should be about 30 cm (minimum 25 cm) from the 
ceiling and more than 2.4 m above the floor.

Figure 26  Room organisation strategies facilitating both cross and stack ventilation

Adapted by Caterina Fiorani 
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3.10 PASSIVE HEATING

From the climate analysis of Marsabit (see section 2.6) outdoor temperatures and relative humidity 
sometimes fall well below the comfort zone. Passive heating therefore presents the most cost-effective 
way of providing indoor thermal comfort. This can be achieved by:

•	 Using high thermal mass materials for the walls and floors that absorb heat during the 
day for later release at night or when the temperatures drop;

•	 Having the building envelope, windows and doors airtight to prevent heat losses.  

3.11 SOLAR PROTECTION 

In a space, the goal is to control direct solar radiation to ensure thermal comfort, light and minimization 
of energy consumption. Therefore, protection of the building envelope in Marsabit plays a crucial role 
in the thermal performance of a building. Ideal sun-shading devices block solar radiation while allowing 
daylight and breeze to enter the window, and an external view (Figure 28). Solar gains are controlled 
most effectively with sunshades outside the windows.  

The fact that Marsabit is located near the equator at latitude 2º N means that the sun is always high in 
the sky and therefore windows on façades facing different directions should be provided with properly 
designed shading devices that will cut off the direct incident solar radiation and reduce heat gains. 

As a rule of thumb:

•	 horizontal shading devices (such as roof overhangs, horizontal overhangs, balconies, 
verandas, louvres etc.) located above the windows on the north and south-facing 
façades are very effective and should extend beyond the width of the window to shade 
it properly; 

•	 vertical shading devices are preferred for the east and west facing façades as they are 
harder to protect using horizontal devices because of the low position of the sun in 
the morning and afternoon. In the case of Marsabit, these vertical devices need to be 
slanted/tilted to give effective protection. However, by so doing, they obstruct vies to 
the exterior; 

•	 a combination of vertical and horizontal devices in the form of egg-crate devices will 
effectively shade the east and west facing elevations. 

Figure 27  A building in Marsabit with light coloured external finishes on the walls and a  

  highly reflective roof surface

© UN-Habitat/Zeltia Blanco
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Figure 28  Examples of shading devices – roof overhang (top), vertical fins (centre), egg- 

  crate (bottom)

© UN-Habitat/Zeltia Blanco

© UN-Habitat/Jerusha Ngungui

©  UN-Habitat/Jerusha Ngungui
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Assuming the building spaces need to be protected from solar radiation between 9 AM and 4 PM, the 
following projection factors of the shading devices are suitable for various window orientations as seen 
in Table 2: 

WINDOW ORIENTATION OVERHANG PROJECTION FACTOR FIN PROJECTION FACTOR

North 0.7 0.5

East 1.3 1.7

West 1.4 1.8

South 0.8 0.6

North East 1.4 3.1*

North West 1.4 3.1*

South East 1.5 3.8*

South West 1.5 3.7*

North North East 1.1 1.2

North North West 1.1 1.2

South South East 1.2 1.3

South South West 1.3 1.3

East North East 1.4 12.0*

East South East 1.5 7.4*

West North West 1.4 12.1*

West South West 1.6 7.8*

Note: * High projection factors may result to fins that are too deep and therefore not practical to 

build. In such cases, more practical options such as dividing the overhang into a multiple louver design 

to maintain the same projection factor may provide the desired shading solution.    

Table 2   Overhang and Fin projection factors for various window orientations

3.12 BUILDING ENVELOPE

Marsabit it subjected to predominant high daytime temperatures and therefore it is imperative to 
design the building envelope to minimise solar heat gains and consequently risks of overheating. The 
building envelope includes walls, roofs, floors and openings (fenestrations and doors) that separate 
indoor from outdoor spaces. They should also protect the occupants from the external elements such as 
rain, wind and noise. 

3.12.1 WALLS

Walls constitute the major part of the building envelope. A wall which is not protected from the sun 
heats up and transmits heat to the inside. The thickness and material of a wall can be varied to control 
heat gain. Heavyweight walls (high thermal mass) are well suited for the climate in Marsabit (Figure 29). 
These walls, with time lag of over 8 hours, are excellent for daytime living areas provided that the rooms 
are adequately ventilated at night. However, it is desirable to use wall materials with low heat storage 
capacity for night-time use rooms. Construction materials (mud blocks, brick or soil cement walls etc.) of 
these high thermal mass walls should preferably be not less than 30 - 40 cm thick. Other ways that may 
increase the resistance to heat flow through the exposed walls are:

•	 Adopt cavity wall construction;
•	 Use walls made of suitable heat insulating material;
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Figure 29  Example of heavyweight masonry walls

Figure 30  Example of heavyweight Interlocked Stabilized soil housing units and walls

© UN-Habitat/Jerusha Ngungui

© Makiga engineering services 

•	 Fix heat insulating material on the inside of the exposed wall;
•	 Use radiant barriers;
•	 Apply light coloured whitewash on the exposed side of the wall.

In addition to the above-mentioned strategies, solar protection of the walls (using shading devices or 
vegetation etc.) and use of highly reflective finishes is desirable to prevent heat gain. 
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BOX 2 – THERMAL MASS

In hot arid climates where the daily temperature swing is high, thermal mass plays a crucial role in 
absorbing the heat during the day and returning it at night thus maintaining the environmental 
conditions in the comfort range (Figure 31). Thermal mass also proves to be useful if combined 
with some insulation because it allows storage of heat gained due to solar radiation during the day 
avoiding overheating and then releases it at night.

Figure 31  Effect of thermal mass behaviour of a non-air-conditioned building. The   

  higher the mass, the smaller the fluctuation and he longer the time within the  

  comfort range.

Adapted by Caterina Fiorani 

3.12.2 ROOFS

Roofs receive far more solar radiation than walls in Marsabit as is the case with the general tropical 
climates. Unlike walls, they cannot be shaded therefore their design is more critical to minimise solar 
heat gain. The outer surface absorbs radiation and heats up; the roof then transmits this heat to its inner 
surface, which increases in temperature, radiating inwards, heating up the indoor air, and finally being 
absorbed by the occupants and objects inside. The thermal performance of the roof is critical for thermal 
comfort and it is influenced by the materials, roof shape, colour and composition. 

The following considerations for roof design and construction should be observed in Marsabit to 
maintain indoor thermal comfort:

•	 Roofs should be as far as possible, highly reflective, insulated, ventilated, massive and 
be made of heavyweight materials. Alternatively, if the roof is lightweight, the ceiling 
should be heavyweight, and the attic ventilated; 
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Adapted by Caterina Fiorani 

•	 Roofs sloped towards the prevailing winds helps to keep them cool;
•	 Also, the sloped roofs help to drain rainwater during the rainy seasons.

Various types of roofs can be incorporated in design as discussed below:

Double leaf roofs

•	 The space between the roof and the ceiling should be ventilated through openings 
facing the prevailing winds (Figure 32).

•	 The outlet should be larger than the inlet and both should be placed at different heights 
to enhance air movement by the stack effect when the wind is not blowing.

•	 The roof sloped should be oriented towards the prevailing breezes.
•	 A reflective surface (e.g. aluminium foil) is highly recommended in the roof cavity since 

it reflects the long-wave radiation emitted by the upper roof layer therefore reducing 
the radiant heat transfer. 

Figure 32  Illustration of ventilation of the space between the roof and the ceiling
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Figure 33 Example of a traditional house in Marsabit

Domed/vaulted roofs 

•	 Thee roofs, as seen in the construction of some traditional houses in Marsabit, have the 
advantage of part of the roof being always in shade, except at noon when the sun is 
directly overhead (Figure 33).

•	 They create a comfortable feeling at floor level through thermal stratification of hot air 
in the space under the roof. 

•	 Through the Bernoulli effect, they make cooling winds more effective at reducing 
temperature. 

•	 To be fully effective, however, they must be appropriately designed with an opening at 
the top for natural ventilation at night.

© HAMK

Flat roofs

•	 These are practical in areas of Marsabit County where it seldom rains. However, to 
be effective, they need to have parapet walls along the edge of the roof for daytime 
shading and privacy. To avoid undesired stagnant pool of hot air, opening should be 
introduced in the parapet walls to enhance cross ventilation.

•	 A ventilated cavity should separate the roof and the ceiling to improve the performance 
of the flat roof. For this type of construction, the ceiling material should be massive 
while the roof material should be lightweight (Figure 34). 

•	 Flat roofs may be insulated from the outside to reduce heat gain as horizontal surfaces 
receive the highest intensity of solar radiation during the day. 

•	 Green roofs may be an option to be considered.



SUSTAINABLE BUILDING FOR HOT AND ARID AREAS 

 MARSABIT COUNTY

31

Figure 34 An illustration of a ventilated flat roof with a high thermal mass ceiling

3.13 BUILDING MATERIALS

The choice of building materials plays a critical role in sustainable architecture from the perspective 
of both the thermal performance and the environmental impact of the building. In Marsabit, traditional 
construction materials and methods are still used in buildings. Some of the advantages of traditional 
materials are their plentiful supply, low environmental impact, low cost, and good reaction to climate; 
moreover, they can be handled by local skilled labour, who are familiar with both the production and 
repair of traditional constructions. 

At the same time, the use of modern building materials, which are generally imported, is now 
developing in Marsabit. Most of these materials are characterised by a high environmental impact, 
especially as far as the embodied energy is concerned. It is thus desirable to focus on alternative materials 
that combine tradition and innovation, to reduce costs and energy consumption. Eco-friendly materials 
are characterised by low-embodied energy and low related emissions; they are durable and convenient 
for recycling and reuse. Traditional building materials are mostly made from naturally available materials 
such as clay, stone, sand and biomass. The selection of appropriate materials should be driven by local/ 
regional and environmental considerations. 

Marsabit is surrounded by volcanic mountains where building materials such as ballast, sand and stones 
can be sourced (Figure 35). However, due to unavailability of power and proper technologies to cut the 
stones from the quarries and to crush them to make ballast, the community is forced to import these 
materials from outside the county. Currently, the building materials commonly used in Marsabit include 
machine cut quarry stones sourced from Thika (about 500 km away), concrete blocks, natural stones 
from local quarries and iron sheets (Figure 36 and Figure 37). However, there still exist houses made of 
traditional building materials such as wooded poles and sticks, wattle and daub with thatched roofs 
(Figure 38), iron sheets etc, as well as few building examples made of stabilized soil blocks.  The machine 
cut stones are suitable to this climate because of their high thermal mass, however, the costs associated 
with their transportation from the source as earlier stated makes them extremely costly. Natural stones 
from the local quarries would be a preferable alternative. Concrete blocks are also costly to make and 
therefore soil based building construction technologies, such as stabilised soil blocks, are proposed as 
they are more cost effective and have lower embodied energy (UN-Habitat, 2010).

Adapted by Caterina Fiorani 
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Figure 36 Machine cut stones from Thika (left(, stones from local quarries (right)

© UN-Habitat/Kennedy Muzee

General recommendations for material and product selection, considering climate and sustainability, 
are (UN-Habitat, 2015): 

•	 use locally available materials and technologies, and employ local work force (Figure 39); 
•	 use naturally available materials, especially renewable organic materials like timber, trees 

bamboo etc. from sustainably managed forestry, as well as straw, grass, etc. Use non-
renewable inorganic materials that can be reused and recycled such as stone and clay; 

•	 use durable materials and components to allow long-term use as well as reduce 
maintenance, renovation and refurbishment costs during the lifetime of buildings; 

•	 select materials with low embodied energy and low energy construction systems like 
load-bearing masonry in place of steel frames; 

•	 use materials with greater potential for reuse and recycling; pure material like bricks, 
soil blocks, wood, concrete, stone, metal sheets are most suitable for this purpose. 
Composite materials like prefabricated solid foam-metal or foam-plaster elements are 
difficult to separate and to recycle; 

•	 minimize the quantity of the resource used (more breathing spaces, smaller quantity of 
materials) and use materials efficiently in the construction process. Make choices that 
ensure reduction of scrap materials (this is very significant particularly for materials with 
high embodied energy); 

•	 reuse/recycle construction debris; 
•	 use water-based acrylics or clay based colours for paints; 
•	 use adhesives with no/low Volatile Organic Compound (VOC) emissions for indoor use; 
•	 do not use products containing asbestos (it is carcinogenic) and CFCs;
•	 minimise the use of metallic surfaces and metallic pipes, fittings, and fixtures. 

Figure 35 Quarries in Marsabit County

© UN-Habitat/Kennedy Muzee
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Figure 38 Examples of vernacular architecture in Marsabit

© HAMK

Figure 37 Concrete blocks (left), interlocking stabilised soil block (right)

© UN-Habitat/Zeltia Blanco

3.14 EXTERNAL & INTERNAL FINISHES

The choice of building external and internal finishes affects the thermal performance as well as the 
amount of daylight in spaces. To reduce solar heat gain in Marsabit, light coloured/highly reflective wall and 
roofing materials are desirable to reflect unwanted solar radiation. Green and living walls, vertical gardens 
provided with vegetation that grows on the façades, green roofs may also be incorporated to reduce the 
overall temperature of the respective building surfaces through evapotranspiration. Light coloured interior 
finishes on walls, floors and ceiling should be specified to enhance daylighting (Figure 40). 

The indoor air quality may be improved by use of environmentally friendly paint and low-toxicity 
adhesives as they contain low levels of volatile organic compounds (VOCs). 
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©  HAMK

© UN-Habitat/Zeltia Blanco

Figure 39 Innovative use of locally available materials and building technologies
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Figure 40 Light coloured internal wall and floor finishes

© UN-Habitat/Zeltia Blanco

3.15 LANDSCAPING

Vegetation has the potential of altering the microclimate of a place therefore it should be incorporated 
in the design. Trees provide shade, buffer against noise, air pollution, prevent soil erosion, etc. and 
divert air flow. It is therefore, very important to consider landscaping (Figure 41) in Marsabit to create 
comfortable indoor and outdoor conditions in the harsh climate in the following ways:

•	 use of indigenous/native plants that are adaptable to the local climate as well as other 
conditions such as native soils, pest problems and seasonal droughts;

•	 use of drought tolerant vegetation that require minimal irrigation;
•	 conserving existing trees on site through careful site planning;
•	 planting trees on east and west orientations to provide shade as well as on the 

orientation of the prevailing winds to protect from strong wind and dust;
•	 at least 20% of the plot area should be used for trees and vegetation;
•	 permeable paving materials are recommended to reduce storm water run-off and allow 

rain water to infiltrate and replenish groundwater;
•	 large areas of external hard surfaces such as paving and parking should be avoided near 

buildings to reduce UHI effect;
•	 light coloured materials with a high reflectance should be used for paving and other 

external surfaces to reflect unwanted solar radiation;
•	 water features such as ponds and fountains can be incorporated into the landscaping to 

keep temperatures lower through evaporation.
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Figure 41 Example of a landscaped courtyard design, light coloured external walls and  

  paving slabs, permeable paving design, and mutual shading of buildings

© UN-Habitat/Zeltia Blanco
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Figure 42 Off-grid diesel power plant

© UN-Habitat/Kennedy Muzee

4. RENEWABLE ENERGY 

Renewable energy is any energy source that is naturally replenished, like that derived from solar, wind, 
geothermal or hydro (Boyle, 2012). These renewable sources have a much lower environmental impact 
than conventional energy technologies have. In addition, since they are infinite, in that they can never run 
out, they enhance energy security to counter increased dependence on non-renewable sources of energy 
such as coal and oil and enable creation of jobs that strengthen local economies (UN-Habitat, 2016). 

Generally, Kenya has a great potential for generating power from renewable energy sources such 
as solar, wind, hydro, geothermal and biomass resources (RECP, n.d.). Marsabit County is strategically 
located in an area that has high potential for the exploitation of solar and wind, which largely remain 
untapped, for power generation. 

Presently, most of Marsabit County is not connected to the national grid and only Saku constituency 
is served by an off-grid station with a capacity of 1 MW. This station, powered by two diesel generators, 
has high running and maintenance costs resulting to high energy costs passed on to the consumers 
(Figure 42). Apart from the costs, the noise and smoke generated by the generators are a nuisance to the 
residents. These challenges show there is a need for reliable renewable source of energy in the county. 

4.1 SOLAR ENERGY

Marsabit experiences high solar radiation levels at an annual average insolation incident on a horizontal 
surface of 6.06 kWh/m2/day. This presents a huge opportunity for electricity generation using photovoltaic 
panels as well as installation of solar hot water systems. These solar systems should be well oriented on 
an equator pointed tilted surface for optimum output. However, care should be taken so as the solar 
collectors are not shaded by surrounding buildings and other obstacles hence affecting the performance. 
Periodic cleaning of the PV panels should be done to keep their efficiency, especially in dusty areas.

Ventilation of modules, by leaving a gap between their bottom surface and the roof or other building 
components on which they are mounted, is an important prerequisite to avoid lower performances than 
expected. It is therefore important to define the correct inclination and orientation of the modules, to 
maximize the incident radiation and favour heat loss. For Marsabit, the optimum angle of inclination for 
equator pointed tilted surfaces is recommended at 16.5° (Atmospheric Science Data Center, 2018). 

Currently, solar energy is used for streetlighting, pumping water from boreholes and to a small extent 
some PV panels have been installed by a few residents for power generation (Figure 43).
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Figure 43 Solar street lighting in Marsabit town

© UN-Habitat/Zeltia Blanco

BOX 3 – KENYA: The Energy (Solar Water Heating) Regulations 2012

The Energy (Solar Water Heating) Regulations, 2012 require among other things that: 

1. All premises within the jurisdiction of local authorities with hot water requirements of a capacity 
exceeding one hundred litres per day shall install and use solar heating systems; 

2. Within a period of five years from the effective date of the Regulations, all existing premises with 
hot water requirements of a capacity exceeding one hundred litres per day shall install and use 
solar heating systems; 

3. An owner of premises, Architect and an Engineer engaged in the design, construction, extension 
or alteration of premises shall incorporate solar water heating systems in all new premises designs 
and extensions or alterations to existing premises; 

4. An electric power distributor or supplier shall not provide electricity supply to premises where a 
solar water heating system has not been installed in accordance with the Regulations. 

The premises targeted by these regulations include: 

•	 Domestic residential premises 
•	 Educational institutions 
•	 Health institutions 
•	 Hotels and lodges 
•	 Restaurants, cafeterias and other eating places 
•	 Laundries. 

Source: ERC, 2016
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Figure 44 Lake Turkana Wind Project

Figure 45 Wind turbine powering a Base Transceiver station near Marsabit town

4.2 WIND ENERGY

Marsabit County has a proven wind energy potential of as high as 346W/m2 and speeds of over 8.9 
m/s. This wind has been exploited for wind energy as exhibited by the Lake Turkana Wind Farm Project 
(Figure 44), the largest wind farm project to be realised in Africa at a generating capacity of 310 MW 
(LTWP, 2018). The wind energy potential in this region may be maximised by creation of small building 
integrated wind energy systems to supplement energy needs. An example is seen by a wind turbine 
powering a Base Transceiver station near Marsabit town (Figure 45).

© UN-Habitat/Kennedy Muzee

© Ministry of Energy, Kenya
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Figure 46 Scheme of a biogas digester

4.3 BIOGAS

One of the main economic activities in Marsabit is livestock keeping. This presents an opportunity for 
residents to generate clean renewable energy in the form of biogas from the animal dung. In addition 
to animal dung, a biogas plant (Figure 46) digests human and crop waste to produce clean high grade 
fuel gas which is more convenient to use than the traditional methods of using firewood, kerosene and 
dried dung (UN-Habitat, 2016). This gas can also be used for electricity production (through a small-scale 
power generator) and in gas engines. Another by-product from this anaerobic digestion of organic waste 
is digested sludge which can be used as a high nutrient manure.

Adapted by Caterina Fiorani 

4.4 BIOMASS 

The main energy used for cooking in houses in Marsabit county is firewood and charcoal (Figure 47). 
However, big hotels in the county use gas. The prevalent use of firewood/charcoal is associated with the 
increase of deforestation leading to local environmental problems, increase in greenhouse gas emissions 
and respiratory diseases because of inhaling the harmful gases and smoke produced (UN-Habitat, 2016).

Traditional wood fire kitchens are low energy efficient, consume a lot of firewood and most are not 
equipped with chimneys therefore generating a lot of smoke (Figure 48). The adoption of more efficient 
alternatives is recommended to alleviate some of these problems. For example, the use of improved cook 
stoves improves the combustion of biomass, use less fuel, saves cooking time and creates a smokeless 
kitchen environment/reduction in the volume of smoke produced as compared to the traditional stove. 
Some of the improved cooked stoves that can reduce fuel consumption by up to 50%, compared to a 
three-stone fire place include the maendeleo stove, Kenya ceramic jiko and rocket stove (Figure 49).

Another alternative to charcoal and firewood is the use of briquettes (Figure 50). These are made by 
compacting biomass waste mixed with a binder such as clay. They are a more economical, healthy and 
environmentally friendly source of energy. Due to their longer lasting burning, they are more energy 
efficient that the traditional firewood/charcoal (UN-Habitat, 2016).
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Figure 47 Firewood and charcoal on sale

Figure 48 Traditional three- stone fireplaces

© World Bank

© UN-Habitat/Goodman Kazoora
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Figure 49 Maendeleo stove (top left) Kenya ceramic jiko (top right) and rocket stove  

  (bottom)

Figure 50 Briquettes

© (Ingwe, 2006) © UN-Habitat/Jerusha Ngungui

© UN-Habitat/Jerusha Ngungui

© UN-Habitat/Fredrick Ochieng
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Figure 51 Rainwater harvesting system from the roof to the storage tanks

5. WATER CONSERVATION AND    
 EFFICIENCY

 Increased demand and the depletion of resources make water conservation an essential part of an 
efficient water management system, along with strategies for efficient reuse of water. To that end the 
following four issues must be considered: rainwater harvesting, water recycling, drainage and water 
efficiency use.   

5.1 RAIN WATER HARVESTING

Rainwater harvesting is a technology used for collecting and storing rainwater for human use from 
roofs, land surfaces or rock catchments using simple techniques such as pots, tanks as well as engineered 
techniques. The main sources of water in Marsabit are roof catchment and boreholes. However, most 
of the borehole water is saline and has high nitrate levels making it unfit for human consumption. 
Therefore, the application of appropriate rainwater harvesting technology is important for the utilisation 
of rainwater as a water resource especially where it is the only source of drinking water. The annual 
average rainfall in Marsabit is about 693 mm with two rainy seasons - long-rains (March to May) and 
short-rains (October to December). Since it does not experience rainfall all year round, it is very important 
to harvest rainwater for use during the dry periods. 

All buildings should have gutters and downpipes connected to tanks to facilitate rainwater harvesting. 
Underground masonry/reinforced cement, reinforced stabilized soil blocks or concrete tanks, or above 
ground PVC tanks can be used for storage of rainwater (Figure 51). This water can be reused onsite for 
flushing, cleaning, gardening, construction and irrigation. If roof harvested rainwater is properly treated, 
it can be used for drinking/ cooking purposes. Appropriate precautions such as the following should be 
taken to prevent contamination of stored water:

•	 Mesh filters should be provided at the mouths of drain pipes to prevent leaves and 
debris from entering the system. 

•	 A sand filter should also be installed. 
•	 Each tank must have an overflow system connected to the drainage/recharge system.  

© UN-Habitat/ Uganda Martyrs University 
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5.2 WASTE WATER RECYCLING

Wastewater can be divided into grey-water (from washing / bathing, washing of clothes and from 
the kitchen) and black-water (from the toilet). When combined with storm water, it is referred to as 
combined sewage. 

Marsabit county does not have sewer system so most of the waste water is disposed of via pit latrines 
(Figure 52), flush toilets into septic tank systems and to some extent, open defecation in bushes and fields 
(Marsabit County Government, 2018). 

Given the scarcity of potable water in the county, wastewater recycling options should be considered in 
the design and construction of buildings. Greywater can be recycled and used for no human consumption 
purposes such as flushing toilets, cleaning or irrigation to reduce potable water consumption. This reduces 
water bills and demand on the public water supply. Black water may be used for biogas production when 
collected in a biogas plant. For these strategies to be effective, a dual plumbing system should be installed 
to separate the grey water from black water.

Figure 52 Sources of household wastewater

©  HAMK

5.3 DRAINAGE AND STORMWATER MANAGEMENT

In tropical countries, water run-off is generated by rainfall. When the rainfall rate on a surface exceeds 
the ground infiltration capacity, it can cause erosion or flooding. As seen in Figure 53, Marsabit suffers 
from floods during the rainy seasons that usually results to loss of life and damage to property, displaced 
residents, threat to public health, poor sanitation conditions, contamination of potable water sources, 
sewer overflows etc. Most of this flooding is a result poor drainage systems and increased settlements on 
flood plains (Marsabit County Government, 2018). 
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Figure 53 Floods wreak havoc in Marsabit town due to a poor drainage system

Figure 54 Examples of permeable/pervious surfaces

© Nation Media Group/Irene Mwendwa

© UN-Habitat/Jerusha Ngungui

Mitigation of these effects can be achieved in the following ways:

•	 Incorporating storm water drainage channels around building and along roads.
•	 Rainwater harvesting to reduce surface runoff and minimise overloading the storm 

water drainage systems.
•	 Using pervious/permeable surfaces for light-weight traffic such as pavements, walkways, 

and parking areas to allow rainwater to infiltrate the ground reducing surface runoff 
(Figure 54). 

•	 Creation of innovating landscape features such as rain gardens, swales, retention ponds, 
constructed wetlands etc. to collect water from roofs, walkways, roads etc. and allow it 
to percolate slowly into the ground thus replenishing the water table. 

•	 Treatment of storm water before it is discharged into the public drains to minimise 
contamination.

•	 Observing the plot coverage. Ideally, the building footprint should not cover more that 
60% of the site. 
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5.4 WATER EFFICIENCY 

The scarcity of water in Marsabit calls for additional measures to best use the existing resources. As 
most water consumption occurs in buildings, the following measures should be considered in their design 
to enhance water efficiency: 

•	 Provision for rainwater harvesting and water storage systems should be provided in all 
buildings for use during critical days of the year (dry seasons/ unavailability of public 
water supply);

•	 The building design should ensure all wet areas (kitchens, bathrooms, toilets etc.) are 
located adjacent/close to each other to prevent waste of water and save on plumbing 
costs because of short pipe runs;

•	 In addition, the designs should have provision for dual-pipe plumbing for separation of 
grey and black wastewater;

•	 Grey water may be treated, recycled and reused to non-potable purposes such as 
flushing toilets, cleaning, irrigation etc;

•	 Water efficient plumbing fixtures should be installed to reduce water consumption and 
minimise wastage. Some of these fixtures include ultra-low-flow flush toilets (flow rate 
of 3 litres per flush); dual flush adapters that can be used for standard flushing for solids 
and a modified smaller flush for liquids; water-efficient urinals and waterless urinals; 
faucet aerators; low-flow shower heads (flow rate of 9.0 litres per minute); electronic 
flush systems; sensors for taps and urinals; efficient water taps; auto-control valves; 
pressure-reducing device; and efficient shower heads. 

•	 Use of native plants for landscaping as they are adapted to the local climate hence 
reducing the landscape water demand. 
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6. SOLID WASTE MANAGEMENT
Urban waste is an important contributor of greenhouse gases and cause of climate change. This is 

mainly due to methane released from the anaerobic decay of wastes in landfills, and nitrous oxide from 
solid waste uncontrolled combustion, as methane has 25 times stronger global warming potential than 
carbon dioxide and nitrous oxide has 310 times the global warming potential (UN-Habitat, 2018). 

In Marsabit, about 20% of the solid waste generated by the urban centres is collected by the county 
government for disposal by way of heap burning. Majority of households result to burning waste at their 
backyards while most is left unattended especially in the rural areas (Marsabit County Government, 2018) 
as shown in Figure 55. The management of solid waste at neighbourhood scale allows maximising the 
exploitation of waste as a resource. It is important to note that:

•	 Waste collections bins that encourage waste separation (for recycling) should be 
conveniently located in or around buildings (Figure 56). 

•	 On-site waste separation facilities facilitate recycling and reuse of waste materials. In 
an ideal waste management system at neighbourhood scale, sorted solid, non-organic, 
waste is brought to transfer station where the recyclable materials are further sorted, 
and cleaned if necessary, and from there handed to the dealers who will buy them.

•	 Organic part of solid water can be recycled by transforming into briquettes, biogas and 
compost manure, which can be used as fertiliser. 

 

Figure 55 A dumpsite (left) and garbage strewn about (right) in Marsabit town
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Figure 56 Waste collection bins encourage the separation of waste

© UN-Habitat/Jerusha Ngungui
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