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Guidelines for Green Building Design
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criteria that should be taken into 
consideration. These criteria include:

•	 Optimization of the structure’s 
energy efficiency;

•	 Minimization of the energy demand 
of buildings;

•	 Maximization of the efficiency of 
energy supply;

•	 Maximization of the share of 
renewable energy sources.

To design an energy efficient built 
environment involves minimizing the 
wastage of resources while maximizing 
the use of renewable energy sources 
and passive building design options.

This technical note introduces a 
simplified path to sustainable design, 
accessible through 7 Steps.

Step 1: Site Analysis

Site analysis helps to identify 
opportunities or constraints which will 
influence the outcome of the urban 
design.

Sun Path:
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. In the tropics, the 
orientation of the main road path 
should be developed along the East-
West axis.

Prevailing Winds:
Knowledge of the speed and directions 
of the prevailing winds will facilitate 
natural ventilation. The main road 
orientation should follow the 
prevailing wind direction to assure 
natural ventilation and dust removal 
to all buildings along the road. A 
compromise should be taken in case 
the prevailing winds direction are in 
conflict with the sun path.

Site Topography:
The existence of rivers, streams, valleys, 
hills, mountains; may assist or obstruct 
natural cooling, wind and sun shading. 
Proper site analysis is required to 
maximize the use of the existing micro 
climate.

Over 70% of the world energy 
generation is consumed in human 
settlements, resulting in an emission 
of more than two thirds of CO2 
that contributes to climate change. 
Widespread energy poverty and the 
increasing cost of fossil fuels are 
impacting negatively on the economic 
development and the living conditions 
of people.

The way buildings are planned and 
designed today has a direct implication 
on their energy bills.

To address the global challenges of 
climate change and the high cost 
of energy it is essential to adopt 
urban planning and building design 
methodologies that are energy 
conscious and environmentally friendly. 
This document acts as a guideline 
to provide some of the mandatory 

The building must 
be in accordance 
with the climate, 
and not the 
climate with the 
building

ground covered with vegetation

free access 
for wind

evaporative cooling

air ventilation

solar panel
 tall spreading of trees provide shade

Fig. 01: Ecobuilding
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Vegetation:
Helps in regulating temperature and 
dust reduction in urban areas. Trees act 
as wind breakers and produce oxygen 
through photosynthesis.

Step 2: Site Plan

A good site plan provides solar access 
during the cold season of the year 
and adequate sun protection and 
ventilation in warm seasons.

Building Orientation:
The building should be developed 
along the East-West axis, and its main 
façades (where the major openings are 
located) should face either North or 
South to minimize direct exposure to 
solar radiation.

Building Position:
The distance between buildings might 
differ according to the climatic zone. 
In any case, attention must be paid 
to avoid hampering of natural light. 
The tropical humid climate requires 
a minimal distance of 3m in urban 
areas to allow the wind to flow 
between buildings, assisting natural 
ventilation.

Building Footprint:
This should not exceed 50% of the total 
plot area (30 or 40%). The remaining 
area should be permeable (green) to 
ensure rainwater infiltration (natural 
draining) and avoid the Urban Heat 
Island (UHI) effect.

Drainage:
Existing natural drainage patterns 
should be maintained around existing 
vegetation. Sustainable drainage slows 
down the accumulation and flow of 
water into drainage points (storm 
water drainage or sewer).

An Urban Heat Island (UHI) is a metropolitan area which is significantly 
warmer than its surrounding rural areas. This effect is due to the 
modification of the land surface by urban development and the lack of 
vegetation. A large proportion of the materials used in urban areas retain 
heat (i.e. concrete and asphalt, commonly used for pavement and roofs), 
resulting in higher temperatures in these areas.

Step 3: Building 
Design

Orientation and layout:
In tropical climates, the building 
orientation allows for maximum 
protection from solar radiation and 
optimum ventilation. It is advisable to 
minimize East-West building surfaces: 
main façades should face North-
South. Regarding ventilation, it is 
recommended to position inlet openings 
within 35° of the wind direction.

Building layout should be designed in 
order to place living areas (rooms, living-
rooms, and kitchen) in the North-South 
direction. Service rooms, staircases and 
toilets can be placed on the East-West 
side. The kitchen’s position in the house 
is often neglected, but it is a space 
where many people spend much of 
their daily life. Proper ventilation of the 
kitchen using openings and chimneys 
should be catered for.

This will avoid indoor air pollution and 
reduce the risk of fire. Energy efficient 
stoves could also be integrated in the 
building design.

Openings:
Large openings (doors and windows) 
are very important in tropical humid 
climates, but they should be effectively 
protected from solar radiation. 
Openings in East and West façades 
should be avoided or limited to a 
minimum. Selective glazing should be 
done. Indoor spaces such as kitchens 
and bathrooms should have external 
windows for natural ventilation.

Natural ventilation:
Frequent replacement of indoor air with 
fresh air is necessary to improve indoor 
comfort and hygiene. There are two 
categories of natural ventilation: cross 
ventilation and vertical ventilation. The 
first category depends on the building 
shape and wind speed /direction. Inlet 
openings should be regularly distributed, 
and located on the wind-ward side at a 
low level. The outlet windows should be 
located on the opposite side. The second 
category is called “Stack effect” and is 
caused by the difference of temperature 
between inside (warmer) and outside air.

Natural Lighting:
Daylight reduces the need for artificial 
lighting inside the building. The building 
should be designed in order to maximize 
natural lighting and optimize favourable 
outside views for better comfort. High 
reaching windows provide the best 
distribution of light. Openings in the roof 
are also a good option, provided that 
there is shading to reduce the heat gain.

Fig. 02: Site analysis example
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Roof:
A sloped roof avoids infiltration 
problems due to storm water retention. 
Alternatively, adequate green roofs 
(application of vegetation on the roofs) 
helps to decrease internal temperatures, 
purifies urban air, and acts as sound 
insulation. Openings on the roof can 
be used for vertical ventilation. Pitched 
roofs should have ventilation openings 
at eaves level. 

Sun Shading:
The design of overhangs for shading 
from the sun should be incorporated 
into the design of the building. 
According to the orientation of the 
building, vertical/horizontal and fixed/
moving shading devices can be used. 
These features are common in tropical 
colonial architecture.

Materials:
The selection of the type of building 
material depends on the climatic zone. 
In a tropical highlands such as Nairobi, 
use materials of high thermal mass 
(stones), for the construction of walls. 
These materials store heat during the 
day and release it at night when indoor 
temperatures are higher than the 
outdoor temperatures. In tropical humid 
zones, light materials for example, wood 
is more appropriate as it does not store 
heat. Use local materials to support the 
local economy and avoid pollution as a 
result of transportation.

Colours: 
Light colours indoors, reflect daylight, 
increasing its benefits. On the roof, use 
light-coloured surfaces which reflect 
more sunlight and absorb less heat.

Step 4: Energy

Solar energy:
With an appropriate urban design, 
buildings are oriented along the East-
West axis. Solar energy systems can be 
installed on the roofs, making use of 
the abundant solar radiation existing in 
the tropical countries.

•	 Solar Water Heaters (SWH): this 
system uses solar energy to heat 
domestic water. SWH are composed 
of a collector and insulated storage 
tank. It is placed on the roof top. 
Once the system is installed, there 
are no running costs beyond annual 
maintenance. The electricity bill can 
be reduced by up to 60%, if it is 
sized correctly.

•	 Solar Home Systems (SHS): this 
technology comprises of Photovoltaic 
(PV) modules, wiring, a control 
panel, batteries to store electricity 
and an inverter. The PV modules 
have a lifetime of at least 25 years. 
They can be an integral part of 
the building envelope, replacing 
cladding or roof tiles; or even being 
used as shading elements. Solar 
PV panels can be used to shade 
parking lots and generate additional 
electricity for the community. Other 
options are the “Solar Mini-Grid 
Systems”, that provide energy for 
small communities and “Solar Street 
Lighting” for public uses.

Wind:
Wind turbines transform the energy 
in the wind into mechanical power, 
that can generate electricity or be used 

directly, to pump water. Wind power 
depends on the wind constancy, speed, 
direction and turbulence. Small wind 
generators are designed to be used in 
urban areas.

Biogas:
Organic solid waste can produce energy 
(heat or electricity) through anaerobic 
digesters. It can be used as a source of 
small scale power generator or energy 
for cooking. Biogas technology has 
been used in municipal land filed to 
generate electricity.

Biomass:
Firewood and charcoal are the main 
cooking fuel for the majority of 
the urban poor. Improved cooking 
stoves should be promoted as they 
significantly reduce the fuel needed for 
cooking.

Step 5: Water

Wastewater Recycling:
This is an essential strategy in a 
sustainable neighbourhood. Waste 
water can be collected and treated in 
a household-scale system. The water 
may be used for flushing toilet water. 
If it is used directly after production, 
the recycled water doesn’t need to be 
treated if used for garden watering. 
The waste water from kitchen sinks, 
dishwashers and toilets is not usually 
collected as it is heavily contaminated. 
Given that a municipal sewage system is 
not likely to be available for the coming 
years, it is recommended to consider an 
onsite sewage treatment system.

Fig. 03: Passive design

1.  Cross ventilation
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1.  Orientation
2.  Windows
3.  Overhang for shading
4.  Thermal mass (local stones)

5.  Night cooling: the building releases 
the heat accumulated during the day, 
openings in the upper part of the 
windows can be used to remove it.
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Rainwater harvesting:
This method of water collection 
provides good quality water. Sufficient 
storage tanks for the collection of 
rainwater must be ensured. It can be 
collected, stored and re-used onsite, 
for gardening and landscape irrigation. 
Green roofs can also contribute to 
this method. If the water is properly 
treated, it can be used for drinking/ 
cooking purposes.

Surface run off:
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. Mitigation of these 
effects can be achieved by minimizing 
impervious surfaces and providing a 
good drainage system with a storm drain.

Step 6: Solid Waste

Solid waste recycling: Household 
garbage sorting is the first step of a 
sustainable Solid Waste Management 
System. Onsite sorted waste disposals 
and a communal garbage collection 
should be put in place.

Domestic waste production for landfills 
can be reduced by more than 50% if 
sorting is performed at household level, 
followed by a recycling community 
program. Materials such as glass, paper, 
plastic and aluminium can be reused 
or recycled. Organic waste can be used 
for compost or used to generate energy 
through biogas.

Step 7: Agriculture

Urban agriculture:
This involves the growing of plants 
(for food or non-food production) and 
raising animals in urban areas. It is a 
part of the urban system, integrated 
into the urban economy and is 
interactive with the ecological system. 
This strategy has many positive points, 
i.e. offers work for urban residents, 
makes use of organic waste (fertilizer) 
and wastewater (irrigation); and has a 
direct link with consumers, due to its 
physical proximity.

Fig. 04: Examples of green building strategies

REFERENCES

Lengen, J. (2008) Barefoot architect- A Handbook for green building. Shelter Publications. Inc. Bolinas, California, USA.

Ökologisches Bauen http://www.ecolog-building.de/index_en.htm 

Roulet, C. (2010) Santé et qualité de l’environnement intérieur dans les bâtiments. PPUR. Lausanne, Switzerland.  

United Nations Environment Programme. (2006) Eco-housing Guidelines for tropical Regions. Bangkok, Thailand. 

For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical issues 
in the field of sustainable human settlements development. They are not meant to be 
final or exhaustive. For more information, contact the Urban Energy Unit. Prepared by 

Vincent Kitio, Marja Edelman, Rachel Patrick-Patel and Jerusha Ngungui

1. Orientation
2. Vegetation
3. Permeable area
4. Natural vertical ventilation
5. Natural lighting
6. Overhang for shading 
7. Local building materials
8. Solar Water Heaters (SWH)
9. Solar Home System (SHS)
10. Waste water reuse
11. Rain water collection

8

2 4

6
7 5

3

1

11

10

N

W
S

E

9



1

U R B A N  E N E R G Y  T E C H N I C A L  N O T E

Urban Energy 
Technical Note

02
Climate and Architecture

P R O M O T I N G  E N E R G Y  E F F I C I E N C Y  I N  B U I L D I N G S  I N  E A S T  A F R I C A

Thermal comfort is described as a person’s 
condition of mind which expresses satisfaction 
with the indoor and outdoor environment. 
Factors affecting thermal comfort include air 
temperature, radiation, air velocity, humidity, 
clothing and metabolic rate (activity)

Fig. 01: Integration of climatic data into building design 

reflect heat with light coloured roofing

ventilate roof spaces

insulate roofs and ceilings

vegetation and outdoor areas can enhance 
shade and cooling breezes

roof eaves shade external openings 
along the north and south-facing walls

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. 

A shelter or a building is designed to 
protect its occupants from the adverse 
conditions of the weather. As we choose 
our clothing according to the seasons, 
buildings’ envelop should be designed 
to respond to its micro-climate. It can 
respond to the need for thermal comfort. 
Green building design strategies address 
each of the following climatic data: 
temperature, solar radiation, relative 
humidity, rainfall and wind. 

The way buildings are planned and 
designed today has a direct implication 
on the energy consumption, hence they 
have a strong potential to negatively or 
positively impact two important elements 
of everyday life: our environment and 
energy bills. Their contribution to climate 
change mitigation on greenhouse gas 
emission is directly related to the way 
they are designed in relation to local 
climate, the site specific characteristics 
and the embodied energy of the entire 
construction process.

Other characteristics that influence 
the buildings include: topography, 
presence of water bodies, surrounding 
buildings, vegetation etc. The influence 
of the sun should be understood and 
respected by designers of passive solar 
buildings in which the sun’s free energy 
is used in the building for lighting and 
heating, but will not interfere with the 
occupants’ comfort.

Climatic regions
in East Africa
Climatic conditions in East Africa differ 
from region to region and are divided 
into five main distinct climatic regions: 
Hot and Humid, Hot Semi-arid/Savannah, 
Hot Arid, Highland / Upper highland and 
Lake Region. Given these varied climatic 
zones, it is therefore clear that different 
regions require specific design solutions. 
There is no model solution that can be 
applied across the board.  

Well-designed buildings according to 
the different climatic conditions in East 
African Countries can passively respond 
to the adversity for thermal comfort by 
using its positive values (such as allowing 
in air movement for natural ventilation 
and daylight for natural lighting) and 
keeping away the adverse elements (such 
as protection against solar radiation).

Importance of
climatic data
Climate is an essential consideration in 
the process of 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. 
Considering the importance and scale of 
the construction industry this represents 
an important step for climate change 
adaptation and mitigation. 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 attained.

A good integration of climatic data 
associated with environmentally sound 
building design measures could save up 
to 70 per cent of energy in buildings.

This technical note presents climatic 
data of different regions in East Africa 
necessary to guide the design of energy 
efficient buildings. 
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The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 

Bioclimatic chart

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

Climatic charts

Nairobi, Kenya
CLIMATIC ZONE: HIGHLANDS

Altitude: 1,800 m  •  Latitude: 1º17´S  •  Longitude: 36º49´E
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Guidelines for Green Building Design
According to the climatic data for Nairobi, a green building should 
observe:

•	 Building	orientation	with	main	façades	facing	North-South	

•	 Natural	ventilation	should	be	provided	making	use	of	the	
prevailing	winds	from	NE-E	direction

•	 Natural	lighting	in	all	the	rooms	but	preventing	solar	radiation	will	
reduce energy consumption

•	 Protection	of	windows	from	direct	solar	light	but	allowing	some	
solar radiation to enter the building in the colder season from May 
to	September	will	enhance	passive	heating

•	 High	thermal	capacity	walls	(made	of	stones	or	bricks)	are	very	
appropriate to assist passive heating during the colder season  
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The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 

Bioclimatic chart

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

Climatic charts

Dodoma, Tanzania
CLIMATIC ZONE: SEMI ARID / SAVANNAH

Altitude: 1,120 m  •  Latitude: 6º10´S  •  Longitude: 35º44´E
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Guidelines for Green Building Design
According to the climatic data for Dodoma, a green building should 
observe:

•	 Orientation	with	long	axis	running	east-west	to	provide	effective		
shading

•	Major	windows	should	be	oriented	on	North	and	South	facing	walls	
as they receive less solar radiation

•	 Compact	buildings	to	reduce	the	façades	exposed	to	solar	radiation

•	 Use	of	medium	to	heavy	weight	materials	with	high	thermal	mass

•	Well	ventilated	and	high	reflective	roofs	of	high	thermal	mass

•	 Ventilation	should	be	limited	during	day	time,	when	the	air	is	hot	
but allow for good natural night ventilation

•	 Protection	of	all	openings	from	direct	and	/	or	indirect	solar	radiation

•	 Evaporative	cooling	in	the	hottest	days	is	recommended
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Bioclimatic chart

Climatic charts

Guidelines for Green Building Design
According	to	the	climatic	data	for	Dar	es	Salaam,	a	green	building	
should observe:

•	 Orientation	along	the	east-west	axis	for	maximum	sun	control

•	 Building	should	allow	for	maximum	natural	ventilation	to	provide	
cooling

•	 Protection	of	all	openings	from	direct	and	/	or	indirect	solar	
radiation

•	Major	windows	should	be	oriented	on	North	and	South	facing	
walls as they receive less solar radiation

•	 Use	of	lightweight	materials	(like	thin	walls	or	wood)	with	low			
thermal capacity for the walls 

•	 Roofs	should	be	well	ventilated	and	made	of	lightweight	materials	
with low thermal capacity and high reflectivity season

•	 Light	colour	finishes	are	desirable	to	reflect	solar	radiation
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Dar	es	Salaam,	Tanzania
CLIMATIC ZONE: HOT AND HUMID
Altitude: 53 m  •  Latitude: 6º48´S  •  Longitude: 39º17´E

Comfort Zone
Ventilation
Thermal mass
High Thermal mass
Evaporative Cooling
Passive Heating

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 
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Bioclimatic chart

Climatic charts

Guidelines for Green Building Design
According to the climatic data for Garissa, a green building should observe:

•	 Orientation	with	long	axis	running	east-west	for	effective	shading

•	Major	windows	oriented	on	North	and	South	facing	walls	as	they	
receive less solar radiation

•	 Compact	buildings	to	reduce	the	façades	exposed	to	solar	radiation

•	 Use	of	heavy	weight	materials	with	high	thermal	mass	(like	stones	or	soil	
bricks)	to	reduce	indoor	daytime	and	night	time	extreme	temperatures	

•	Well	ventilated	and	high	reflective	roofs	of	high	thermal	mass

•	 Ventilation	should	be	limited	during	the	day	time	when	the	air	is	
hot but  allow for good natural night ventilation

•	 Protection	of	all	openings	from	direct	and/or	indirect	solar	radiation

•	 Evaporative	cooling	is	effective	because	of	the	low	relative	humidity

•	 Courtyard	typologies	are	also	recommended	for	natural	cooling
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Garissa, Kenya
CLIMATIC ZONE: HOT AND ARID

Altitude: 147 m  •  Latitude: 0º26´S  •  Longitude: 39º38´E

Comfort Zone
Ventilation
Thermal mass
High Thermal mass
Evaporative Cooling
Passive Heating

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 
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Bioclimatic chart

Climatic charts

Guidelines for Green Building Design
According to the climatic data for Kampala, a green building should 
observe:

•	 Buildings	should	favour	good	natural	ventilation

•	 Protection	of	all	openings	from	direct	and	/	or	indirect	solar		radiation

•	 Orientation	along	the	east-west	axis	for	maximum	sun	control

•	Major	windows	should	be	oriented	on	North	and	South	facing	walls	
as they receive less solar radiation

•	 Use	of	medium	weight	materials	is	recommended	as	night	
temperatures often fall below the comfort zone

•	 Roofs	should	be	well	ventilated	and	made	of	lightweight	materials	
with low thermal capacity and high reflectivity 

•	 Light	colour	finishes	are	desirable	to	reflect	solar	radiation

•	 Passive	solar	heating	in	the	colder	season
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Kampala,	Uganda
CLIMATIC ZONE: LAKE REGION

Altitude: 1,140 m  •  Latitude: 0º19´S  •  Longitude: 32º34´E

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 
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Bioclimatic chart

Climatic charts

Guidelines for Green Building Design
According to the climatic data for Kigali, a green building should observe:

•	 Building	orientation	with	main	facades	facing	North-South	

•	 Natural	ventilation	should	be	provided	making	use	of	the	prevailing	
winds	from	NE-E	direction

•	 Natural	lighting	in	all	the	rooms	but	preventing	solar	radiation	will	
reduce energy consumption

•	 Protection	of	windows	from	direct	solar	light	but	allowing	some	
solar radiation to enter the building in the colder season from May 
to	September	will	enhance	passive	heating

•	 High	thermal	capacity	walls	(made	of	stones	or	bricks)	are	very	
appropriate to assist passive heating in the colder season  
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Kigali,	Rwanda
CLIMATIC ZONE: HIGHLANDS

Altitude: 1,490 m  •  Latitude: 1º57´S  •  Longitude: 30º04´E

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort

The bioclimatic chart shows temperature vs humidity and 
can be used to determine human thermal comfort and 
design strategies required for a particular climatic zone. 
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Guidelines for Green Building Design
The design strategies to be used in this region are similar to Kampala (p.6).

For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical 
issues in the field of sustainable human settlements development. They are not 

meant to be final or exhaustive. For more information, contact the Urban Energy 
Unit. Prepared by Vincent Kitio, Jerusha Ngungui and Zeltia Blanco.

REFERENCES

EnergyPlus Energy Simulation Software - http://apps1.eere.energy.gov/buildings/energyplus

Energy Design Tool -  Climate Consultant 5.4

UN-Habitat. (forthcoming) East African Climate Data and Guidelines for Bio Climatic Architecture

Bujumbura,	Burundi
CLIMATIC ZONE: LAKE REGION

Altitude: 774 m  •  Latitude: 3º23´S  •  Longitude: 29º22´E

Climatic charts

Relative Humidity
Maximum and minimum relative humidity 
determine the dryness of the atmosphere 

and the feeling of warmth or cold

Rainfall 
Monthly rainfall influences the relative 
humidity and is useful for designing 

water rain harvesting systems

Sun Path
The sun path of a particular location is 

crucial for designing proper
sun shading devices

Wind Rose
A wind rose diagram shows the wind 

directions in a particular location. This is 
useful to create natural ventilation

Solar Radiation 
The intensity of the solar radiation 
influences the building heat gains

Temperature
Maximum and minimum temperatures 

are key factors for thermal comfort
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Urban Energy 
Technical Note

03
Sun Shading

Fig. 01: Solar Radiation Sources that may require shading

P R O M O T I N G  E N E R G Y  E F F I C I E N C Y  I N  B U I L D I N G S  I N  E A S T  A F R I C A

dramatically affect indoor conditions 
by controlling indoor illumination from 
daylight, solar heat gains and glare 
while at the same time maintaining a 
view out through windows, thus saving 
thermal energy, providing light and 
maintaining visual comfort.

For shading devices to be effective, 
designers should be aware of the path 
of the sun at the site, its elevations 
on different days, and azimuth angles 
throughout each day of the year. 
This study of the sun is critical at the 
beginning of the design process, so that 
optimal shading can be provided where 
it is needed. Use of different shading 
systems is also a way of varying façade 
design and the architectural elements 
used, making each building special and 
unique.

To help size the shading device to be 
used, a Sun Path Diagram should be 
used to find the solar altitude and 
azimuth for any given time. To do 
this, choose the sun path diagram 
with the latitude closest to the site. 
Find the intersection of the two curves 
corresponding to the month and hour 
of interest. From this point, read the 
solar altitude and azimuth. This is the 
sun’s position at that month and hour.

This technical note looks at practical 
issues associated with external shading, 
one of the techniques used to shade 
the building passively. Other methods 
include internal shading devices e.g. 
curtains, blinds etc. and the glass itself 
e.g. low emissivity glass tinted glass.

The most significant factor affecting 
the built environment in the East 
Africa region is solar energy, which 
impacts on it throughout the year. The 
shapes of buildings and spaces have a 
great effect on indoor temperatures. 
When designing a new building, it is 
very important to pay attention to 
the needs of its users and to consider 
the environment they are likely to 
spend most of their time in. The 
building should be user friendly and 
comfortable. Factors to consider for 
adequate indoor comfort are daylight, 
room temperature and air quality.

The use of shading devices is one of the 
passive strategies for improving indoor 
thermal conditions especially during 
the hot months. Appropriate and well-
designed solar shading devices can 
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Sun Path Analysis
The sun’s changing position in the 
sky throughout the year can be 
conveniently represented by the sun 
path diagram. It is represented with 
a coordinate system (altitude and 
azimuth) and can be read off directly 
from the diagram for any time of 
the day and month. This is useful in 
providing a summary of the solar 
position that should be considered 
when designing. The most used systems 
are the polar and the cylindrical sun 
path diagrams.

Polar sun path diagram: 
The polar representation gives the 
image of the celestial sphere by placing 
itself right above the zenith (the point 
of the sky directly overhead) of the 
area under consideration. In this type 
of representation, lines of equal solar 
altitude are spaced widely apart near the 
zenith of the sky but are concentrated 
quite closely together near the horizon. 
Each sun-path line is generated by 
determining the exact position of the sun 
as it passes through the sky (hourly) for 
each date. This is then projected from the 
sky dome onto the flat image.

Reading the Position of the Sun 
(altitude and azimuth):
1. Select the chart of the correct 

latitude (each location has a 
different chart).

2. Select one date line to be analysed. 

3. Select the hour line and mark its 
intersection with the date line.

4. Read from the concentric circles the 
altitude angle (sun’s height from 
the ground).

5. Lay a straight line from the centre 
of the chart, through the marked 
time point to the outer circle 
and read the azimuth angle (sun 
orientation related to the north).

To find the optimal building 
orientation, place the building 
plan in the centre of the diagram, 
aligning it with the orientation under 
consideration. 

Solar control through shading devices 
is most effective when designed 
specifically for each façade, since time 
and duration of solar radiation vary 
with the sun’s position in the sky - its 
altitude and azimuth. 

Fig. 02: Polar sun path diagram for Latitude 0° (E.g. Eldoret town 0°31’N 35°17’E)
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Shading Strategies
The main objective of providing shade 
is to control intense direct sunlight to 
ensure a comfortable work and living 
space. It enables the occupant’s thermal 
and visual comfort and minimises 
mechanical cooling loads.

External shading systems are the most 
effective way of controlling solar 
gain in buildings with highly glazed 
facades.  These can either be devices 
attached to the building envelope 
or extensions of the envelope itself.  
An external shading system has the 
advantage of blocking the solar 

radiation before it penetrates the 
building, but has the disadvantage of 
exposure to the climatic elements for 
maintenance. The size and position 
of these external shading elements 
can be calculated so as to cover the 
windows on the most problematic 
hours. This reduces the energy 
consumption of building cooling.

Thus, the design and construction of 
external shading devices require careful 
study and proper design to provide 
their effective functions.
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Fig. 04: Vertical Shading Devices 

Fig. 05: Egg crate Shading Devices  

Vertical Shading Devices
As the angle of the rising or setting 
sun is very low, roof overhangs are 
ineffective for east and west facing 
windows and therefore vertical sun 
shading devices should be used instead. 
They can be in the form of vertical fins, 
lattice screens, egg-crate shading or 
mixed height planting of shrubs and 
trees.

Fig. 03: Horizontal Shading Devices
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Parliament Building, Nairobi © UN-Habitat / Jerusha Ngungui

Hyslop Geography Building, University of Nairobi  © Edwin Seda
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Types of external shading systems

Horizontal Shading Devices
These are placed horizontally in front of 
or above the window, shading it from 
the sun. These devices are in the form 
of roof eaves, awnings above windows, 
horizontal projections, balconies 
etc. They are desirable for providing 
effective shading for the floor level 
directly below them at the peak point of 
the day. The amount of light admitted 
into the room, and the length of the 
shade is dependent on the depth of 
the overhang. It should, therefore, be 
carefully considered during the design 
process. In tropical climates, horizontal 
shading devices are effective on the 
north and south facing façades 

Egg crate Shading Devices 
Egg crate types are a combination of 
horizontal and vertical types. They 
effectively block the low morning and 
afternoon sun and are recommended 
for walls facing north east, south east, 
north west and south west.

Due to its high shading efficiency, this 
type of shading system is often used in 
hot climates.  
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Fig. 06: Deeply Recessed windows Fig. 07: Variation of window opening 
orientation

Other shading 
strategies

Design the building to shade itself

The form of the building itself can be 
used for external shading. 

•	 The use of deeply recessed windows 
makes the entire wall around the 
opening an effective shading device,  
minimizing solar heat gains without 
reducing natural light and view (fig. 
06).

•	 A cantilevered floor can be used to 
shade windows on the level below it.

•	 Windows on the east and west 
facades can be oriented north or 
south for sun control (fig. 07).

•	 Use of inclined glass is effective in 
controlling the penetration of the 
solar radiation into the building by 
reducing the area of glass exposed 
to the sun.

Students’ Center Building, Strathmore University, 
Nairobi © UN-Habitat / Jerusha Ngungui

Windows are deeply recessed and oriented north 
to prevent direct solar radiation
Coca-Cola Building, Nairobi 
© UN-Habitat / Jerusha Ngungui
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For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new 
technical issues in the field of sustainable human settlements development. 
They are not meant to be final or exhaustive. For more information, contact 

the Urban Energy Unit. Prepared by Vincent Kitio and Jerusha Ngungui.
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Natural Ventilation

Fig. 01: Cross and Stack Effect Ventilation

P R O M O T I N G  E N E R G Y  E F F I C I E N C Y  I N  B U I L D I N G S  I N  E A S T  A F R I C A

Ventilation may be provided by 
natural or mechanical means, or by a 
combination of the two (mixed mode/
hybrid ventilation). It is important that 
ventilation requirements are met whilst 
minimising the energy consumption of 
the building. Mechanical ventilation, 
which can vary from a simple fan to full 
air conditioning, involves the use of 
energy, usually electricity. Electricity is 
generally an expensive form of energy 
and in most situations its generation 
results in carbon emissions, contributing 
to the problem of climate change.

This technical note describes how a 
building can be effectively ventilated 
using natural means.   

  

Natural Ventilation
This is the process of drawing in fresh 
air and discharging waste air from an 
indoor space without the assistance of 
powered components – fans or other 
mechanical systems. It uses the airflow 
caused by pressure differences between 
the building and its surroundings to 
provide ventilation and space cooling.

Air movement is a major factor that 
influences the indoor climate and 
should be taken into account in  the 
planning, design and construction of 
buildings. It should be incorporated 
in the design concept, as properly 
designed and installed natural 
ventilation systems are considered 
to be the most energy efficient and 
healthy solutions. They are extremely 
economical as they provide ventilation 
at low or zero running costs. They 
are also efficient and require only 
minimum maintenance.  

Given the increased awareness of 
the cost and environmental impacts 
associated with mechanical ventilation, 
natural ventilation is the best method 
for reducing energy consumption and 
cost and for providing and maintaining 
a comfortable, healthy and productive 
indoor environment It saves significant 
amounts of fossil fuel based energy 
by reducing the need for mechanical 
ventilation and air conditioning which 
in turn reduces greenhouse gases 
released into the atmosphere from 
the  electricity generating plants that 
produce the energy used for cooling 
buildings.

Thermal comfort in the built 
environment is affected by air 
temperature and air movement.  
Ventilation, which is simply the removal 
of stale indoor air from a building and 
its replacement with fresh outside air, 
has a great impact on thermal comfort.

Adequate ventilation is vital for 
pleasant, comfortable, internal 
conditions and suitable air quality 
in both domestic and non-domestic 
buildings. It is essential for the well-
being of the occupants and for the 
fabric of the building itself. Too little 
ventilation puts the health and comfort 
of the occupants at risk, while too 
much results in energy losses with the 
consequent costs and possibly carbon 
emission penalties. Correct ventilation 
of domestic and commercial buildings is 
therefore critical.

The building acts as a chimney, where warm air is 
drawn up from ground level and through the office 
areas, and then escapes beneath the sides of the 
vaulted roof, maintaining comfortable temperatures in 
the offices and air circulation throughout the building.

Section through the new office facility, UNEP and UN-Habitat Headquarters, Nairobi © UNEP and UNON



2

U R B A N  E N E R G Y  T E C H N I C A L  N O T E

Categories of 
Natural Ventilation

1. Cross Ventilation
This is a wind driven circulation of fresh 
air through open windows, doors, or 
other openings, which are in opposite 
sides of the room or rooms being 
ventilated. 

Positive pressure on the windward side 
and negative pressure on the lee side of 
the building cause air movement across 
the room(s) from the windward to the 
leeward side, provided the openings on 
both sides of the room are open. 

In order to achieve reliable air 
circulation, buildings must be designed 
for cross-ventilation. This allows for 
passive cooling and reduces reliance 
on air-conditioning. Incorrectly 
designed interior partitions impede 
cross ventilation by changing the air 
direction and speed.

2. Stack Effect Ventilation 
The stack effect occurs when there is 
a difference between the inside and 
outside temperatures. It is brought 
about by warm air rising and escaping 
through high level outlets and thus 
drawing in colder, heavier air from 
outside.

The stack effect can also be induced 
by placing openings near the floor and 
near the ceiling. It can be regulated by 
window shutters to obtain the desired 

heating or cooling effect. Outlets 
should be located on the opposite side 
of the room and at high level.

This effect increases when the 
difference between the internal and 
external air temperature increases and 
with an increase in the height of the 
building (i.e. the difference in height 
between the air inlet and the outlet.

Stack effect ventilation can also be 
achieved by the use of solar chimneys 
and wind towers.

Fig. 02: Stack Effect Ventilation

Fig. 03: Cross-ventilation - importance of room configuration and position of openings for good air flow

Section through the Eastgate Development in Harare, Zimbabwe by Architect Mick Pearce 

Cross-ventilation through 
a single banked room

Ventilation through circulation 
in linked rooms

Effect of external projections on the 
air flow patters within an building

The rate at which air change takes 
place is determined by: temperature 
difference between inside and outside; 
the site, location and design of 
openings; and the distance between 
inlets and outlets.

Glass canopy
Natural exhaust 
from offices
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Design 
considerations for 
Natural Ventilation
The design of natural ventilation systems 
varies according to the type of building 
and the local climate. However, the 
careful design of internal spaces, and 
the size and placement of openings are 
critical to the amount of ventilation.

The Site
When designing for a particular site, 
it is crucial to interpret its wind data 
carefully. It is also important to check 
on local topography, vegetation and 
surrounding buildings. These have an 
influence on the local conditions.

Ideally, there will be some light winds 
in the hot season and in hot regions 
to provide sufficient internal air 
movement for thermal comfort in all 
conditions, and for night time cooling 
of the building.

Building Orientation and 
Planning
Buildings should be oriented to 
maximise their exposure to the 
direction of the prevailing wind.  
Rooms with a double orientation and 
with at least two walls facing externally 
but in opposite directions make for 
better ventilation.

Rooms should also be designed with 
a relatively narrow plan to facilitate 
air flow through the building (cross 
ventilation). However, single storey 
deep plans can be naturally ventilated 
through roof outlets.

Rooms should have inlet and outlet 
openings. The outlet should be located 
across from the inlet and high above it 
to maximise the stack effect. Whenever 
possible, an open plan design that 
minimises resistance to airflow, can be 
used to facilitate cross ventilation.

 

Openings – Size, Placement, 
Types
The size of the openings and their 
location influences the velocity of air 
circulation and its main route in the 
interior space. The larger the windows, 
the higher the indoor air speed; but this 
is true only when the size of both the 
inlet and outlet openings is increased. 
When a room has unequal openings 
and the outlet is larger, then much 
higher maximum velocities and slightly 
higher average speeds are obtained.

The location of openings may deflect 
the indoor air circulation. When the 
openings are placed asymmetrically in a 
facade, unequal pressure on both sides 
of the openings influences the airflow.

Openings should be located to receive 
the prevailing wind in hot conditions 
and, ideally, should be installed on 
both sides of the occupied spaces to 
provide cross ventilation.

They should be operable, oriented on 
opposite sides of the the room and 
offset from each other to maximise 
mixing of air within the room while 

minimising the obstructions to airflow 
within the room.

Operable windows or air outlets on 
the leeward side of the building are as 
important as those on the windward 
side. Incoming air slows down within 
the building and so, to maximise the 
ventilation, the total air outlet area 
should be larger than the air inlet area.

Ridge vents, vented skylights and 
clerestories provide openings for stale 
air to escape through stack effect 
ventilation.

Casement windows on the windward 
side of the building offer some 
directional control of indoor airflow 
into occupied zones.

Casement sashes or hinged doors can 
be up to 60% more efficient than other 
sashes or sliding doors on windward 
walls for capturing incidental air flow. 
Sliding windows are problematic in 
that only half of the window can be 
opened, and they cannot be adjusted 
according to the wind direction.

Fig. 04: Effects of louvres and horizontal overhangs above windows 

Louvres diffuse airflow

Overhangs collect and breezes and enhance air 
flow within a space.

A slot between the overhang and the facade 
increases downward pressure and result in a 
more comfortable air flow within a room

Louvered overhangs enhance downward 
pressure of air flow through a space
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Climate and Natural 
Ventilation
The design of openings is greatly 
influenced by the prevailing climate.

Understanding the prevailing wind patterns 
of the site can be useful when designing 
ways to take advantage of natural 
ventilation or to protect the occupants from 
uncomfortable windy conditions.

A Wind Rose Diagram is used to 
show wind speed and direction for a 
particular location and analyses the 
characteristics of the wind by indicating 
its strength and frequency over a 
specified period of time (month, season 
and year). 

Hot and Humid / 
Great lakes zones
A climate characterized by high 
humidity and high temperatures makes 
provision of permanent ventilation 
essential. Natural ventilation improves 
indoor thermal comfort by reducing the 
effects of relative humidity above 60%.

Buildings should be oriented to 
capture the prevailing breezes. Open 
plan interiors promote natural cross 
ventilation. Carefully located wall 
openings allow breezes to flow 
through the interior. Internal openings 
should be included to encourage cross-
ventilation.

Windows with maximum open 
areas, such as awnings, louvres, and 
casements are recommended for these 
climates. Roof ventilation is essential in 
these zones.

Hot Arid, Hot Semiarid / 
Savannah zones
Buildings in hot, arid, desert climates 
can benefit from natural ventilation via 
the stack effect, to draw air through 
evaporative cooling systems or by wind 
pressure at night, to enhance night 
cooling of the building.

Natural ventilation during the daytime 
should be avoided unless it is through an 
evaporative cooling system, to ensure the 
temperature of incoming air is lowered 
and its relative humidity is raised.

Upland / High Upland zones 
Maximum ventilation is not essential 
for comfort in these zones. However, it 
should be controllable.

Buildings should benefit from the 
winds during the hot months and so 
proper cross-ventilation is required.  
Shelter from the cold winds should be 
provided as well.

Windows should be of medium size 
with openings in opposite walls for 
proper cross-ventilation during the hot 
period

Fig. 05: Wind rose diagram for Mombasa, Kenya
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The longest spoke on the 
wind rose represents the 
greatest frequency of winds 
blowing from that particular 
direction over the specified 
time frame.
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Did you know that there is a worldwide 
trend towards energy efficient 
appliances and building materials? And 
did you know that growing awareness 
and appreciation of the environment 
is set to increase the demand for green 
buildings. Current improvements in 
design and technology offer new 
opportunities to be competitive in the 
domestic and international market. 
Green buildings generally offer a more 
comfortable, healthier and cost effective 
solution for living and working. To go 
green means to maintain a competitive 
edge in the market.

Energy efficient appliances and the 
latest energy saving technology is an 
important feature of green buildings. 
Switching to energy saving lighting, for 
instance, helps to reduce your overall 
electricity bills by up to 20%. 

Compared to conventional lighting, 
compact fluorescent lamps or LED lamps 
emit the same amount of visible light, 
but save up to 88% of the electric power 
needed for lighting and also have an 
eight to fifteen times longer lifetime. 
Air conditioning systems today save 
as much as 50% of the electricity that 
earlier models from the 80s and 90s 
used to eat up. Ceiling and room fans 
are not a new technology, but are still 
a viable low energy alternative in many 
buildings, especially those featuring 
bioclimatic design. Electric water heaters 
are among the most power hungry 
consumers in any building (whether 
commercial, private or public). Today, 
solar water heating technology is 
affordable and will reduce electricity 

consumption for hot water by as much 
as 80% compared to electrical resistance 
water heaters. Today, there are energy 
saving alternatives for literally all the 
appliances available for household and 
commercial use. It is also necessary to be 
aware of these new trends in order to 
comply with the legal requirements of 
integrated building design.

Energy savings mean cost savings, 
while the performance of an appliance 
is the same or better when compared 
to the baseline. The premium, if any, 
that we need to pay today for an 
energy saving alternative (or sometimes 
to replace a still functioning older 
piece of equipment) can be expected 
to be paid off in a time span that is 
significantly shorter than the life span 
of the new equipment itself. This means 
that investments in energy saving 
technology will soon turn into profits.

The appliances discussed here are 
“finished” products and are therefore 
distinguished from building materials 
or building components (to be 
discussed in an upcoming technical 
note). These appliances all have low 
environmental impact and high 
performance. They are designed to 
meet three basic criteria:

1. Effective and efficient use of 
materials,

2. Energy saving,

3. Low or no toxicity.

The list presented here includes 
product groups with typical state 
of the art technical specifications. 
The categories covered are lighting, 
air-conditioning and cooling, water 
heating, refrigeration, computers, and 
television sets. 

Energy efficient appliances and the latest energy saving technology is an important 
feature of green buildings. Switching to energy saving lighting, for instance, helps 
to reduce your overall electricity bills by up to 20%.
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Lighting

Mirror ducts

0 energy consumption

These systems bring daylight indoors. They are highly energy efficient due to the direct 
use of natural light, and the collection and diffusion of light without the consumption of 
kinetic energy as there are no moving parts such as sun tracking devices. Mirror ducts are 
low maintenance due to a simple, sealed structure that protects them from failure and 
deterioration. 

LED lamps

Energy savings: Up 

to 88% compared to 

incandescent lamps for 

the same Lumen

Life time: 40,000 hours plus.
Baseline: Incandescent lamps, 95% heat, 5% light generation; efficiency: 5%. 
Life time: ca. 1,000 hours.

Compact 
Fluorescent Lamps

Energy savings: Up 

to 80% compared to 

incandescent lamps

Life time: 20,000 hours plus.
Baseline: Incandescent lamps, 95% heat, 5% light generation; efficiency: 5%. 
Life time: ca. 1,000 hours.

LED security lights

Energy savings: Up 

to 70% compared to 

incandescent lamps.

Life time: 60,000 hours plus.
Baseline: Incandescent lamps, 95% heat, 5% light generation; efficiency: 5%.
Life time: ca. 1,000 hours

LED ceiling lights 
in combination 
with smart 
lighting (sensors 
and dimmers)

Energy savings: Up 

to 67% compared to 

incandescent lamps.                   

Up to 18% energy 

savings can be achieved 

through smart lighting 

alone compared to office 

lighting operated without 

sensors and dimmers

Life time: 60,000 hours plus. Sensors have a significantly longer lifetime than the 
corresponding lamps.
Baseline: Incandescent lamps, 95% heat, 5% light generation; efficiency: 5%. 
Life time: ca. 1,000 hours; lighting operated in offices, private and public buildings.

Recommended Not recommended
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Lighting

Recommended Not recommended

Air Conditioning / Cooling

Central air 
conditioners 
(closed cycle 
system, 
refrigeration)

Energy savings: 20-

30% compared to central 

ACs of the 80s or 90s.
Life time: For reasons of energy efficiency and continuous technical advances, central ACs 
should be upgraded every 10 years. 
Baseline: Central ACs with an energy efficiency ratio of 7 or 8 (80s or 90s). 

Fluorescent Lamp 
Stabilisers

Energy savings: Up 

to 30% compared 

to fluorescent lamps 

operated without 

stabilisers. Life time: n/a, devices have a significantly longer lifetime than the corresponding lamps. 
Baseline: Fluorescent lamps/tubes, operated in offices and public buildings. 

Room air 
conditioners 
(closed cycle 
system, 
refrigeration)

Energy savings: Up to 

50% compared to 80s or 

90s vintage model ACs. 

Today’s AC achieve an EE ratio of cooling capacity (energy outtake per hour) over 
electricity input (per hour) of 10 and above. 

Life time: For reasons of energy efficiency and continuous technical advances, ACs 
should be replaced every 10 years. 
Baseline: ACs with an energy efficiency ratio of 5 (80s or 90s). 

Evaporative 
cooling (open 
cycle systems)

Energy savings: up to 

85 % compared to closed 

cycle air conditioners

Life time: Compared to closed cycle air conditioning systems, these evaporative coolers 
have a much longer lifetime. However, the cleaning demand of evaporative coolers is 
higher. 
Baseline: Closed cycle air conditioning systems (refrigeration technology)

Life time: 5 years
Baseline: Air conditioning systems using dead or open cycle systems

Room and ceiling 
fans

Energy savings: They 

generally use less energy 

than air conditioning 

systems and can produce 

a satisfactory cooling 

effect without lowering 

room temperatures and 

humidity. 
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For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical 
issues in the field of sustainable human settlements development. They are not 

meant to be final or exhaustive. For more information, contact the Urban Energy 
Unit. Prepared by Vincent Kitio, Sebastian Lange and Jerusha Ngungui

Energy efficient LCD 
Television using LED 
back light system

Energy savings: Ca. 29% 

savings in energy consumption 

compared to LCD TVs not using 

LED back lighting, and over 

60% to cathode ray TV sets.

Life time: For reasons of energy efficiency and continuous technical advances, televisions should be 
upgraded every 10 years. 
Baseline: New technology, new approach, no baseline.

Lifetime: 3-5 years guaranteed, exceeding technological innovation time until outdated.
Baseline: Desktop computers with ca. 120 W rating. 
Computers can run for as many as 2,000 hours per year in an office set-up.

Energy savings: Up to 60% 

for state of the art energy 

efficient refrigerators and 

freezers (Euro A+, A++, A+++, 

or U.S. Energy Star *** rated). 

Life time: 20 years plus for quality Solar Water Heaters. 
Baseline: Electric resistance water heaters with a lifetime of ca. 10-15 years and an annual energy 
consumption of 2,000 kWh. 

Life time: 10-15 years. 
Baseline: Electric resistance water heaters with a lifetime of ca. 10-15 years and an annual energy 
consumption of 2,000 kWh. 

Water Heating

Refrigeration

Televisions

Recommended Not recommended

Heat pump water 
heaters

Energy savings: 

66% compared to 

conventional electric 

resistance water heaters.

Solar water heater

Energy savings: 

50-80% compared to 

conventional electric 

resistance water heaters.

Life time: For reasons of energy efficiency and continuous technical advances, refrigerators should be 
upgraded every 10 years.
Baseline: Older models with an annual energy consumption of ca. 600 kWh or more (average size). 

Energy savings: Ca. 75% 

savings in energy consumption

Laptop computers and notebooks
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Renewable Energy Projects 

Fig. 01: Electrification levels in East Africa (percentage of population with access, 2012)
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to the required end-use energy. This is 
a particularly important consideration 
in the urban context. Projects can vary 
greatly in size (i.e. power output), in 
energy conversion technology, in the 
type of end-use energy generated (i.e. 
electricity, and/or heat or mechanical 
energy) and other outputs for example 
fertiliser, in the case of biogas plants. 
The generated electricity can be 
utilized in connection to the national 
power grid or in island operation 
without grid connection. Energy can be 
produced and sold to customers, thus 
generating income, or can be used for 
self-consumption. 

The development of RES projects of all 
sizes is a complex exercise, requiring 
thorough consideration of a multitude 
of factors especially the expected 
average energy yield as well as possible 
variations in energy outputs. An 

accurate estimate of costs and other 
non-cost requirements, and also the 
question of cost recovery are important 
considerations when planning an RES 
project. 

This Technical Note (TN) focuses on 
RES-E and other ways of utilising RES, 
especially in urban areas. A systematic 
approach comprising 8 steps to 
project development is presented 
with particular regard to small scale 
applications, ranging from 100 W up to 
around 20 kW. It includes technologies 
such as Solar Photo Voltaic (for 
electricity generation), Solar Water 
Heating (SWH), small wind turbines and 
biogas generation. 

The building stock in cities can 
increasingly produce energy for 
self-consumption, thus moving from 
“consumption” to “pro-sumption”.

Renewable Energy Sources (RES) are 
playing an increasingly important role 
in the generation of electricity (RES-E) 
as well as in the provision of other 
forms of end-use energy. About 50% 
of the total new capacity of electricity 
generation installed in 2010 came 
from RES (IEA 2011). Despite what 
has been said, the global trend clearly 
indicates a breakthrough for energy 
generated from renewables. There is a 
large and as yet untapped potential for 
utilising RES, especially in developing 
countries. Renewable Energies can play 
an important role in increasing access 
to energy and in combating energy 
poverty in urban areas.                                                 

RES and RES-E projects are always 
“tailor made” projects in the sense 
that they are always site specific. They 
depend on the available source of 
renewable energy, and are also specific 
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Step 1: Determining the 
Renewable Energy potential                            
The first and perhaps most basic 
requirement for a renewable energy 
project is the availability of RES. This 
can be wind, sunlight, small rivers, or 
biodegradable solid or liquid waste. 

The use of solar PV elements for 
producing electricity will depend on 
the amount of sunlight available in 
particular the hours of direct  as opposed 
to indirect sunlight (when the sky is 
cloudy) per day. The average intensity 
of solar radiation is also important. 
It is highest at the equator and 
diminishes towards the North and South 
Poles. Many countries are currently 
developing solar maps based on satellite 
measurements, which indicate the 
average site-specific solar potential. 

The potential for converting wind 
energy (kinetic wind energy) into 
electricity or mechanical energy for 
water pumps varies widely reatly from 
site to site. Wind maps comprising 
meteorological data are available, 
but the actual site specific potential 
can only be determined through 
measurements. The bigger the 
capacity to be installed, and thus the 
investment, the more important it 
is for measurements to be taken on 
site. For small wind turbines, it might 
be sufficient to check “if the wind is 
blowing in the back yard” during the 
year. The risk is that a turbine will be 
installed only to stand still most of the 
time because there is no wind.

The potential for hydro power 
obviously depends on the presence 
of running water, i.e. a river. Also 
important here is the kinetic energy 
that the river carries, which depends 
on the volume of water and its speed. 
Sloping terrain offers additional 
potential, as water accelerates 
when flowing downhill. The most 
important consideration is, however, 
the seasonal flow rate. Obviously, if 
the river dries out, no power can be 
produced.

Biogas can be produced from a variety 
of bio-degradable organic substrates. 
In principle, liquid and solid waste can 
be converted into biogas. However, 
the yield varies according to the 
waste type. The substrates need to 
fulfil certain requirements in terms of 
liquid and solid matter content. The 
continuous availability of suitable solid 
and liquid waste, as well as a sufficient 
amount of water are prerequisites for 
biogas generation.

An important variable is the capacity 
factor (in %), that is the ratio of 
the average energy yield actually 
achieved to the (theoretical) 
maximum yield possible. The capacity 
factor of solar systems for example is 
typically between 20-25%, which is 
due to the fact that they only operate 
in daylight (50% of the time) and are 
subject to the solar-path, which only 
reaches its peak during mid-day. Also, 
in most places, the sky is frequently 
cloudy. 

Step 2: Site Selection             
The primary criterion for site selection 
for RES and RES-E projects is good 
or very good renewable energy 
potential at the site with regard to the 
anticipated technology (compare with 
Step 1).

It is possible to go and search for sites 
that can be converted into renewable 
energy power plants. Commercial and 
private sector initiatives especially 
operate in this way. Sites include not 
only green fields and brown fields, 
but also roof spaces on buildings 
(for solar and wind). Rivers are 
regularly checked for potential use in 
hydropower projects.

There are also cases when a site 
is fixed. This is especially relevant 
for home systems or RES on-site 
applications at public or private 
institutions. The renewable energy 
potential is assessed on site, and 
in this case it is only reasonable to 
realise an RES project where sufficient 
renewable energy potential has been 
determined. To highlight this point 
again: RES projects are tailor-made 
and site specific. Ad hoc solutions 
without consideration of the site 
make little sense.

Other site specific factors also need to 
be considered, including the availability 
and ownership of land, the proximity 
to an existing power grid (national or 
mini-grid) and any site-specific aspects 
that may constitute a “no-go” issue.

Fig. 02: Project cycle overview for RES and RES-E projects

 Project identification

•  Project concept
•  Site identification
• Prefeasibility 

assessment

 Project assessment

•  Technical / full 
feasibility

•  Financial viability

 Project planning

•  Permits
•  Design
•  Contracting
•  Financing

 Project realization

• Construction
• Commissioning

 Project operations

•  Monitoring
•  Maintenance
•  Reporting

 End of project life

•  Decommissioning or 
repowering
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Step 3: Technical Feasibility  
The technical feasibility of a renewable 
energy project depends on the proven 
viability of the energy yield determined 
by on-site measurements. This is true 
for all RES, but to a lesser extent, as 
previously mentioned, for solar energy 
use. Based on the potential, the various 
technological options can be considered 
and the concept developed. This does 
not mean that all technically feasible 
options will be implemented however, 
as the next step will show.

An important aspect of the technical 
feasibility of RES-E projects is an 
assessment of the grid connection, 
i.e. an assessment of the technical 
feasibility of connecting to the national 
power grid or a mini-grid for the 
purpose of selling power or of simple 
net-metering (the meter running back 
and forth depending on the amount of 
electricity produced versus the level of 
self-consumption). If a grid connection 
is not technically feasible, the RES-E 
system needs to be operated as an 
island system. In most cases, connection 
to the grid only makes sense for systems 
with a bigger capacity, as well as with a 
sufficiently high capacity factor

The technical feasibility, together with 
the results from the aforementioned 
steps, can be summarised in a technical 
pre-feasibility report.

Step 4: Regulatory 
considerations 
Most RES and RES-E projects are subject 
to a country’s legislation and regulations, 
and hence to a greater or lesser extent 
are determined by them. This legislative 
and regulative framework includes, for 
instance, a country’s National Energy 
Policy, decisions and provisions made by 
the Energy Regulatory Body, as well as 
the Electricity and Energy Act (if it exists). 
Independent Power Producers (IPP) are 
not allowed to operate in every country. 
Transmission and distribution of electricity 
is also regulated and can be either in the 
hands of the state or is privatised.

For most RES and RES-E projects, 
relevant provisions in the legal and 
regulatory framework need to be 
identified, understood and followed, 
before the implementation of a project 
can be considered. The legal and 
regulatory framework also determines 
the window of feasibility of a project.

Step 5: Economic Feasibility                        
After the renewable energy potential, 
the technically feasible options and the 
legal and regulatory obligations and 
opportunities have been determined, 
the next step can be taken, which is the 
clarification of the economic feasibility, 
i.e. what makes sense from a business 
point of view?

The economic feasibility is determined 
by a set of factors. For bigger projects 
each factor typically translates into a 
fully-fledged study. For smaller projects 
the conscious consideration of the 
factors and the stated intention to 
mitigate negative side effects may be 
sufficient. The most important elements 
for determining the economic feasibility 
of an RES or RES-E project are:

•	 Economic assessment,

•	 Financial analysis,

•	 Clarification and costs of land-
ownership,

•	 Environmental and social impact 
assessment,

•	 Risk analysis,

Sensitivity analysis (what is the relative 
impact on the project of a change in 
key conditions).

Fig. 03: Electricity sector regulatory overview (2011)

Fig. 04: East African Feed-in-Tariff overview

Country Policy 
reform

Regulatory 
body

New Electricity 
Act

Unbundling IPPs Independent T&D 
operators

Burundi Yes Pending Yes No No No

Ethiopia Yes Yes Yes No Not yet No

Kenya Yes Yes Yes Yes Yes Not yet

Rwanda Yes Yes Pending Yes Yes Pending

Tanzania Yes Yes Yes No Yes Yes

Uganda Yes Yes Pending Yes Yes T=No, D=Yes

Country Technology 
types

Project and 
overall capacity 

caps

Basis of tariff Mini-grid tariff 
available?

Projects 
operational 

under the FIT?
Burundi n/a n/a n/a n/a n/a

Ethiopia All Yes Unclear No No

Kenya All Yes Cost + return Yes, for solar only Yes

Rwanda Hydro only for now Yes Cost + return No No

Tanzania All Yes Avoided cost Yes Yes?

Uganda All Yes Cost + return No Yes?
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Step 6: Project design  
Once the economic feasibility has been 
determined, the project design and 
layout can begin. At this point decisions 
are made on the specific technological 
options, the work plan and time frame 
for construction and commissioning, 
the financial model and financial plan, 
and the business model. The project 
development reaches the point when the 
project materialises as a concrete plan.

Step 7: Risk Assessment 
Despite all assessments, most RES 
and RES-E projects face risks, i.e. 
factors influencing the success of the 
project that lay beyond the sphere of 
direct influence of the project. Most 
important from the view point of 
project developers and financiers is 
political stability with regard to the 
energy policy of a country. This includes 
the support for non-state participation 
in the energy sector/energy production. 
Unannounced and significant 
regulatory changes can impact the 
window of feasibility of a project.

Another factor is the clarity, certainty 
and status of land titles or land-use 
rights, as well as way leave rights. Tax 
incentives and Feed-in-Tariffs (FiT) can 
be subject to change. Inasmuch as they 
are a sensitive part of the financial 
model of a project, they may push the 
project into economic un-feasibility.

Timeframes set for the implementation 
of any energy project are sensitive. 
and changes can have a significant 
impact on the financial aspects, for 
instance the anticipated cash flow 
during the implementation of the 
project. If a project is delayed it may 
become insolvent and/or become more 

expensive than originally assumed. The 
bigger and the more complex an RES 
and RES-E project, the more likely such 
risks will become.

Finally, there are foreign exchange 
risks. They are commonly known and 
will not be further explained here. 
In addition, governance in a country 
constitutes a risk, in particular if 
corruption is prevalent. Risks related to 
corruption, from a project development 
point of view, can hardly be mitigated. 
Not only are due processes not 
followed, but paying a bribe or 
offering a favour to public officials 
means committing a crime and puts any 
project at risk of prosecution.

Step 8: Achieving bankability 
Banking means risk mitigation, 
bankability means mitigated risk. Many 
RES and RES-E projects are considerable 
investments. In cases when the 
financing of a project is based on a 
loan (even a concessional loan, based 
on more favourable terms than in 
a normal case in the market) a due 
diligence will become necessary, i.e. the 
credit worthiness of the lender based 
on the proposed project will have to 
be determined. Bankable in that sense 
means a project has reached maturity, 
that related uncertainties have been 
clarified, plans have been developed 
and risks are mitigated. At that point 
banks/investors are willing to provide 
financing for a project.

The following diagram illustrates 
possible steps taken to reach 
bankability and financial closure for 
an RES and RES-E project. Key external 
parties/stakeholders include:

•	 Energy off-takers,
•	 Investors / lenders,
•	 Local residents,
•	 Supplier and contractors,
•	 Project advisors (technical, 

legal, financial, engineering,  
environmental),

•	 Competitors. 

Fig. 05: Different types of risks

RE resource risks Deteriorating resource quality

Technology risks Poor quality equipment

Market risks Changes in electricity prices, mini-grid becomes main grid connected

Regulatory risks Approval delays, land law amendments

Governance risks Favouritism

Organizational risks RE project development team fatigue

Construction risks Damage to major component, failure of contractor to abide by terms of an agreement

Financing risks Debt interest rates increase

For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical 
issues in the field of sustainable human settlements development. They are 

not meant to be final or exhaustive. For more information, contact the Urban 
Energy Unit. Prepared by Vincent Kitio, Sebastian Lange and Jerusha Ngungui

Fig. 06: Steps taking to bankability and 
financial closure

            

                                                
5  Power Purchase Agreement
6  Supplier contracts agreed
7  Positive investor / lender due 

diligence

2  Land rights secured
3  Positive environmental and 

social impact assessment
4  Viable grid connection

1 Proven RE resources / 
technical feasibility
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Energy and Resource Efficiency Checklist

P R O M O T I N G  E N E R G Y  E F F I C I E N C Y  I N  B U I L D I N G S  I N  E A S T  A F R I C A

The best opportunities for energy efficiency in buildings are at the design stage. Designing for energy efficiency reduces the 
overall demand for resources to generate energy. This checklist will help to identify key design issues that will demonstrate 
whether the proposed design will be energy efficient.

Energy Efficiency Rating

Site planning

•	 Has	the	surrounding	neighbourhood	been	considered	in	the	design?

•	 Is	the	site	properly	dimensioned	showing	boundaries?

•	 Is	the	direction	of	the	True	North	indicated	on	the	site	plan?

•	 Building	footprint:	

	– Has	the	building	adhered	to	the	site	location’s	plot	ratio	and	plot	coverage?	

	– Has	the	site	design	taken	into	account	natural	or	artificial	drainage?		

	– Does	the	site	design	optimise	natural	features	and	open	spaces	to	enhance	bio-diversity?

•	 Does	the	site	planning	respond	to	the:	

	– topography,

	– 	prevailing	wind	(to	provide	well	ventilated	streets	and	open	spaces)

	– sun	path	(to	provide	sun	shading	to	the	streets),

	– access	to	natural	light,	(other	buildings	don´t	block	access	to	natural	lighting)

	– streetscape,

	– microclimate,

•	 Is	the	vegetation	appropriately	located	according	to	the	climate?	

	– Hot	and	Humid	zones:	High	trees	to	provide	sun	shading	but	allowing	natural	ventilation	and	grass	floors	to	
avoid	heat	islands

	– Semi-arid	/	Savannah	zones:	High	and	low	trees	and	grass	floors	to	avoid	heat	islands

	– Hot	and	arid	zones:	High	and	low	trees	and	grass	floors	to	avoid	heat	islands	and	provide	natural	cooling

	– Highlands	zones:	High	trees	to	provide	sun	shading	but	allowing	sun	gains	in	the	cold	season

	– Lakes	region	zones:	High	trees	to	provide	sun	shading	but	allowing	natural	ventilation	and	grass	floors	to	
avoid	heat	islands

•	 In	case	of	urban	planning	developments:	

	– Is	it	a	mixed	land	use	planning	with	at	least	40%	of	the	floor	space	allocated	for	economic	use?	

	– Is	there	adequate	space	for	streets	and	efficient	street	network?	

	– Meaning	that	the	street	network	occupy	at	least	30%	of	the	land	and	18	Km	of	the	street	length	per	Km2?	
Is	it	a	high	density	neighbourhood?	

	– Meaning	that	there	are	at	least	15,000	people/Km2	(61	people	/acre)?	

	– Is	there	limited	land-use	specialization?	

	– Single	function	blocks	less	than	10%	of	the	neighbourhood?	

	– Is	it	a	neighbourhood	with	social	mix?	

	– 20-50%	of	the	residential	floor	dedicated	to	low	cost	housing?	

	– Is	the	neighbourhood	/	building	connected	to	adequate	public	transport	services?
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Energy Efficiency Rating

Building Orientation

•		Is	the	building	elongated	along	the	east-west	axis?

•		Is	the	building	oriented	to	take	advantage	of	the	prevailing	wind	direction?

•		Are	the	main	facades	and	windows	facing	North	and	South?

Natural ventilation

•	 Does	the	building	layout	utilize	the	prevailing	wind	conditions	to	achieve	adequate	cross	ventilation?

•	 Hot	and	Humid	zones:	open	and	isolated	buildings?

•	 Semi-arid	/	Savannah	zones:	Semi-open?

•	 Hot	and	arid	zones:	compact	/	closed?

•	 Highland	zones:	compact?

•	 Lakes	region	zones:	open	and	isolated	buildings?

•	 Are	all	habitable	spaces	provided	with	operable	windows	for	adequate	natural	ventilation?	

•	 Are	the	openings	located	in	opposite	or	adjacent	external	walls	for	cross	ventilation?	

•	 Are	the	sizes	of	the	openings	according	to	the	prevailing	climate?	

•	 Hot	and	Humid	zones:	large	openings	

•	 Semi-arid	/	Savannah	zones:	medium	openings

•	 Hot	and	arid	zones:	small	openings

•	 Highlands	zones:	sized	to	balance	between	solar	heat	gains	and	heat	losses

•	 Lakes	region	zones:	large	openings

•	 Is	the	roof	ventilated?	(Roof	vents,	ridge	vents,	ventilated	air	chamber,	covered	terrace)	

•	 Are	common	areas	naturally	ventilated?	(lift	lobbies	and	corridors,	staircases,	toilets,	atriums,	car	parks	etc.)

•	 Are	there	other	strategies	to	provide	natural	ventilation?	(Stack	effect,	clerestory	windows,	solar	chimneys)

Natural heating & cooling

•	 Are	there	passive	cooling	strategies	in	the	design?	

•	 Hot	and	Humid	zones:	Maximization	of	ventilation

•	 Semi-arid	/	Savannah	zones:	Evaporative	cooling

•	 Hot	and	arid	zones:	Evaporative	cooling

•	 Lake	region	zones:	Maximization	of	ventilation	during	daytime

•	 Are	there	passive	heating	strategies	in	the	design?

•	 Highland	zones:	using	high	thermal	mass	materials,	allowing	heat	gains	during	the	cold	season

•	 Lake	region	zones:	medium	to	high	thermal	mass	materials

Daylighting

•	 Are	all	habitable	spaces	provided	with	windows?	

•	 Are	all	the	common	areas	naturally	lit?	(toilets,	staircases,	corridors,	lift	lobbies,	atriums,	car	parks	etc.)

•	 Are	the	windows	and	skylights	oriented	to	maximise	natural	light	without	glare	or	overheating?	(Maximise	on	
North/South	windows	and	minimize	on	East/West	windows)

•	 Has	the	25%	of	window	to	wall	ratio	(WWR)	optimum	rate	for	natural	day	lighting	been	achieved?

•	 Are	the	interior	finishes	to	walls,	ceilings	and	floors	specified	to	a	light	colour?	(Light	colours	maximize	the	
reflection	of	natural	light)

•	 Has	the	design	incorporated	the	use	of	interior	light	distribution	features	like	light	shelves,	diffusers,	or	
reflective	surfaces?
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Shading

•	 Are	the	main	windows	located	on	the	north	and	south	facing	elevations?	Minimal	windows	on	the	east	and	
west	elevations

•	 Are	all	glazed	areas	shaded?

•	 Are	there	any	external	shading	devices	been	incorporated?	(Horizontal,	and	roof	overhangs	for	North/South	
facades,	Vertical	for	East/West	facades)

•	 Has	the	building	been	designed	to	shade	itself?	(Use	of	deeply	recessed	windows,	use	of	cantilevered	floors,	
use	of	inclined	glass	etc.)

•	 Does	the	design	use	trees	or	other	vegetation	to	shade	the	building?	(Green	roofs,	landscaping	elements,	
green	facades	etc.)

Renewable energy generation

•	 Is	there	incorporation	of	onsite	renewable	energy	generation?	(Solar	photovoltaic	panels,	solar	water	heaters,	
Small-scale	wind	generation	systems,	biogas	tanks,	etc.)

Building materials

•	 Are	the	proposed	building	materials	suitable	for	the	site’s	prevailing	climate	in	terms	of	the	thermal	properties?	

•	 Hot	and	humid	zones:	lightweight	building	materials

•	 Semi-arid	/	Savannah	zones:	medium	weight	building	materials

•	 Hot	and	Arid	zones:	Heavy	weight	building	materials

•	 Highlands	zones:	medium	weight	building	materials

•	 Lakes	region	zones:	medium	to	heavy	weight	building	materials

•	 Are	the	materials	locally	available?

•	 Are	the	materials	recyclable	and	reusable?

•	 Have	the	building	materials	been	harvested	/	produced	in	a	sustainable	way?

Water efficiency

•	 Water	efficient	fittings

•	 Have	water	efficient	fixtures	been	specified?	(Dual-flush	toilets,	waterless	urinals	and	toilets,	composting	
toilets,	low-flow	shower	heads,	taps	and	toilets	etc.)

Water conservation and treatment systems

•	 Does	the	design	incorporate	rain	water	collection	components?	(Gutters,	down	spouts	etc.)

•	 Is	there	a	provision	for	rain	water	collection	points?	(Cisterns,	underground	storage	tanks,	ponds	etc.)

•	 Are	there	any	water	recycling	initiatives	that	will	reduce	potable	water	consumption?	(Dual	plumbing	systems,	
grey	water	treatment	system)

•	 Is	there	provision	of	systems	that	utilize	rainwater	or	recycled	water	for	irrigation?

Environmental protection

Storm	water	Management

11.1	Is	there	drainage	in	place?

11.2	Is	there	provision	for	storm	water	management	facilities	for	infiltration	and	treatment?

11.3	Are	there	measures	to	mitigate	storm	water	/	rainwater	run-off?	(Permeable	paving,	rain																	
gardens,	soakaways,	ponds,	swales	etc.)
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Sewerage disposal

•	 Are	there	any	environmentally	friendly	alternative	sanitation	options?	(Composting	toilets,	Reed	bed	systems,	
Biogas	digesters,	Oxidation	ponds	etc.)

Site and Landscaping

•	 Does	the	design	accommodate	shaded	outdoor	living	spaces?	(Use	of	vegetation,	timber	pergolas,	reflective	
materials	etc.)

•	 Is	the	exposed	hardscape	made	of	lightly	coloured	and	permeable	materials?

•	 Does	the	site	design	have	the	appropriate	infrastructure	for	walking	and	cycling?

•	 Are	specified	plants	and	trees	adaptable	to	the	local	climate?	(Require	minimal	irrigation)

•	 Have	existing	trees	been	incorporated	in	the	design?

For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to assist municipal councils in identifying energy 
efficient building initiatives during building plans approval. It is meant to provide a 

basis for advising building owners on energy efficiency matters. The contents of this 
document are not final or exhaustive. For more information, contact the Urban Energy 

Unit. Prepared by Vincent Kitio, Goodman Kazoora, Jerusha Ngungui and Zeltia Blanco. 
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Passive Cooling

Fig. 01: Features of passive design for cooling

P R O M O T I N G  E N E R G Y  E F F I C I E N C Y  I N  B U I L D I N G S  I N  E A S T  A F R I C A

eliminate, mechanical air conditioning 
requirements. They also reduce the 
peak cooling loads in buildings, 
hence reducing the size of the air 
conditioning equipment and the period 
for which it is generally required.

Many parts of East Africa, experience 
high temperatures in certain periods of 
the year and therefore cooling is very 
important. For example in humid, arid 
and semi-arid climatic regions, cooling 
is the primary design consideration. 

The cost and energy effectiveness 
of these options are both worth 
considering by homeowners and 
builders. By integrating these systems 
at the design stage, greater efficiencies 

and more attractive economics can be 
obtained. 

This technical note describes how a 
building can be effectively cooled using 
natural means.

  Sources of unwanted heat

•	 Direct Solar Gains through windows 
and skylights. 

•	 Heat transfer – through materials 
and elements of the structure

•	 Internal heat generation from 
occupants, mechanical and electrical 
equipment. 

•	 Infiltration of hot, warm air into the 
building. 

Adapted from Level, The Authority of Sustainable Building © BRANZ 2011

good 

ventilation

rising warm air creates air movement

high level of insulation 

minimise heat transfer 

to the inside

internal walls with high 

thermal mass absorb heat 

during the day

shaded windows keep

heat gain low

vegetation reduces

radiated heat 

floor with high thermal mass absorbs heat during the day and 

helps to even out temperature changes

open breezeway help to remove heat 

and makes occupants feel cooler

clerestory window shaded with moveable or 

adjustable louvres to prevent heat gain

house well positioned for 

prevailing breeze

Passive cooling systems use non-
mechanical methods to maintain 
comfortable indoor temperatures 
and are a key factor in mitigating 
the impact of buildings on the 
environment.

Passive cooling seeks to use natural 
heat flows whenever possible. The 
purpose of passive cooling is to provide 
indoor comfort, provide healthy 
environments while reducing the 
energy costs associated with cooling 
thereby eliminating or reducing overall 
running costs.

In areas where cooling is a dominant 
problem, passive cooling  techniques 
can be used to reduce, and or 
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Cooling buildings
Passive cooling of buildings works by 
controlling or preventing heat from 
entering the interior of buildings (heat 
gain prevention) or by removing heat 
from a building (heat dissipation). 

Reduction of heat gains
Cooling requirements for buildings are 
largely affected by heat gained from 
solar radiation. Reduction of solar heat 
gain can very effectively reduce the 
energy consumption of buildings. 

Unwanted solar energy can be excluded  
by using various techniques that can be 
generalised as follows: 

1. Use of correctly designed shading 
devices that deflect the sun’s rays;

2. Proper orientation of the building 
with the longer facades facing 
the north and south prevents 
overheating of the buildings in the 
tropics;

3. Minimising of glazed surfaces on 
the east and west facing sides of a 
building reduces heat gains;

4. Light coloured paints and materials 
on the roof and walls effectively 
reflect unwanted solar radiation;

5. The choice of building materials 
should be considered with respect 
to the local climate.

•	 Heavy weight materials (suitable for 
hot and dry climates) absorb heat, 
slowing the increase in internal 

temperatures on hot days. At night, 
they then release the heat absorbed 
earlier in the day. 

•	 Light weight materials do not store 
heat and are quite ideal for use in 
hot-humid climate.

Heat dissipation strategies 
The cooling strategies chosen for 
a project should suit the specific 
characteristics of the climate and also 

enhance the architectural design 
solution. Varying degree of cooling in 
a building can be naturally achieved 
using the following strategies: 

1. Evaporative cooling

•	 This technique cools outdoor air 
by evaporating water before it 
is introduced into the building 
thereby cooling the indoor spaces. 
This method is effective in hot and 

Fig. 04: Cooling system at a courtyard house

Fig. 02: Vegetation and outdoor areas enhance shade and cooling breezes

Fig. 03: Evaporative cooling strategies
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ground
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Courtyards are excellent thermal regulators. High walls cut off the sun, except for around midday, and large areas of the inner surfaces and floor are 
shaded during the day. During the night the heat accumulated during the day is dissipated by re-radiation.

Fountains, sprays, pools and ponds are 
particularly effective passive cooling techniques. 
Hot air is channelled over the water before they 
enter buildings.

Passive downdraft evaporative cooling (PDEC) 
technique incorporates towers that are equipped 
with evaporative cooling devices at the top to 
provide cool air by gravity flow.

Vegetation plays the role of a natural evaporative cooling device. Well-shaded walls and windows as 
a result of wide leaves and appropriate landscape planting assists in a cooler internal environment.

cool air

water

wind
wood charcoal in a metal 

sheet tray

fountain
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arid climates or where relative 
humidity is low (70% or less during 
the hottest periods); the drier 
the air, the greater is the cooling 
potential.

2. Natural Ventilation

•	 When properly used, this strategy 
contributes to the improvement of 
thermal comfort, indoor air quality 
leading to a significant reduction of 
energy consumption for cooling of 
buildings. 

•	 Orienting the building to take 
advantage of the prevailing wind 
breezes is important to aid in 
natural ventilation which is a very 
important aspect of natural cooling.

3. Solar chimney

•	 This technique enhances stack 
ventilation by the thermal-buoyancy 
effect. The chimney’s structure 
absorbs heat during the day, hence 
heating the air enclosed within 
causing it to rise. As indoor air 
evacuates via the chimney, (cooler) 
outdoor temperature flows into the 
building.

4. Wind turbines

•	 Use of turbine vents at the roof peak 
can be used to improve the cooling 
rate by enhancing the air flow.  

•	 When the surface of the turbine is 
heated, it creates a low pressure 
zone at the outlet thereby drawing    
indoor air upwards for exhaustion.  

5. Air vents

•	 Curved roofs with air vents at the 
top are suited for the hot and dry 
climates. The air vent in the apex of 
the domed or vaulted roof provides 
an escape path for the hot air that 
accumulates at the top. 

6. Rock bed heat exchanger

•	 In this system, during the day, outdoor 
hot air is drawn through the (night-
cooled) rock bed where it is pre-cooled 
before entering the building. 

•	 At night, cool night air is blown 
through the building via the rock 
bed, thereby cooling the rocks.  

7. Other cooling strategies include:

•	 Ground (earth) cooling - 
During the hot periods, the soil 
temperature at a certain depth 
is considerably lower than the 
ambient temperature. Hence, the 
ground offers an important sink 
for the dissipation of the building’s 
excess heat. 

Fig. 05: Examples of solar chimneys

Fig. 06: Examples of air vents and wind turbines

The heated air rises and escapes to the outside. This causes internal air to be pulled into the heated 
space and expelled thus enhancing airflow.

Rock bed cooling system used at The Learning 
Resource Center Conference hall, 
The Catholic University of Eastern Africa, Nairobi, 
Kenya © Architect Musau Kimeu

Fig. 07: Rock bed heat exchanger

•	 Wind towers - Hot outside air 
enters the tower through the upper 
opening of the tower, gets cooled, 
becomes heavier and flows down 
the tower and into the living area 
through the lower opening.

•	 Radiative cooling - This technique 
works by covering the roof or 
externally insulating the roof during 
the day in order to minimise heat 
gains from solar radiation and 
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ambient air. At night, the roof is 
uncovered / exposed to the cool 
night sky, thereby losing heat via 
long wave radiation and convection.

Active cooling 
systems
These systems can be resulted to in 
climates where the average daily 
temperatures and humidity levels lie 
beyond the passive cooling strategies.

The following strategies can be used:

1. Evaporative coolers - These are 
very effective and energy efficient 
in hot-arid and hot semi-arid 
climates. In these climates there are 
seasons and periods of the day in 
which air humidity is very low and 
air temperature very high.

•	 Fans in the unit capture and force 
hot outdoor air through water-
soaked pads, filtering and cooling 
it before driving it into the building 
thereby causing warm inside air to 
be expelled through windows or 
vents. 

2. Air conditioning systems - These 
systems can be used in hot and 
humid climates during periods of 
high humidity. 

•	 They can be used in conjunction 
with other cooling methods, such 
as the ceiling fans, for energy 
improvements.

3. Ceiling fans -  These are effective 
in cases, or in spaces with no 
air conditioning and where air 
movement is not sufficient. 

4. Misting fans - These are normal 
fans equipped with fog nozzles, 
which are designed to produce a 
very fine mist so that the water 
evaporates quickly. They are 
effective in hot-arid climates. 
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The purpose of this Technical Note is to call reader’s attention to new 
technical issues in the field of sustainable human settlements development. 
They are not meant to be final or exhaustive. For more information, contact 

the Urban Energy Unit. Prepared by Vincent Kitio and Jerusha Ngungui

Fig. 08: Evaporative cooler 

Fig. 09: Misting fan

Evaporative cooling systems as used at the students’ center building, Strathmore University, Nairobi 
© UN-Habitat / Jerusha Ngungui

Tips on using air conditioning 
systems
•	 Correct sizing and selection of air 

conditioning equipment is key 
to achieving optimum energy 
efficiency.

•	 A good and energy efficient air 
conditioner should have high 
energy ratings. 

•	 Its use should be limited to the 
rooms where it is most needed.

•	 Air conditioned rooms should be 
thoroughly insulated, have reduced 
glass areas and preferably be 
located in the coolest part of the 
house in order to reduce the cooling 
loads. 

•	 Regular maintenance checks will 
ensure your air conditioning system 
operates as efficiently as possible.

•	 Keep windows and doors shut when 
units are operating. If you open 
windows in a space you are cooling, 
the unit will try to cool down the 
outside air!
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University Curriculum Development
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The transition towards clean energy 
and sustainable use of resource calls 
upon all stakeholders across different 
sectors of the society for fundamental 
changes. While significant efforts 
need to be made to create awareness 
and build the capacity of existing 
practitioners in the building sector, 
future professionals of the sector 
should receive adequate training that 
will empower them with proper skills 
and tools for planning, designing 
and building sustainable human 
settlements. 

The ideal approach is to incorporate 
the principles of integrated design 
including energy and resources 
efficiency into existing curriculum as 
opposed to making it a separate course. 
However in cases, where environmental 
design principles are completely missing 
in the curriculum, a new course in 
Environmental Building Science should 
be introduced. 

As the world moves towards greener 
economy and sustainable development 
to address climate change, rapid 
urbanization and poverty, it is 
important that every professional 
graduating from universities to 
have the basic concepts of energy 
and resources efficiency; as well as 
environmental design in all aspects 
from conceptualization to operation 
and maintenance.

Main streaming Sustainable Building Design principles for tropical climates into the University Curriculum and 
other learning institutions

The rationale
Majority of modern buildings in 
Sub Saharan Africa (mainly tropical 
climates) are replicas of buildings 
designed for the western world (cold 
and temperate climates) and do not 
take into consideration the differences 
in climate. As a result, buildings are 
heavily reliant on artificial means for 
indoor comfort, i.e. cooling, heating 
and lighting. The problem is that 
inefficient design and construction 
using materials produced with intensive 
input of energy, combined with poor 
understanding of thermal comfort, 
passive building principles and energy 
conscious behaviour, has led to 
tremendous energy wastage. 

Any new building should be adapted to 
its climate and should not be “a copy 
and paste” process.

Few universities have made an active 
effort to include environmental 
science into their syllabus. Therefore 
a review would be important to begin 
empowering the students at the very 
early stages of their training. Even 
with the growing interest in learning 
centres in this area, there is a lack of 
professionals in environmental design 
in the region.

From the two university syllabuses 
considered so far, some related courses 
introducing sustainable design have 
been integrated into the curriculum:

Jomo Kenyatta University 
of Agriculture & Technology 
(Kenya): 
•	 3rd Year: Sustainable design; 

Building environmental design 
(thermal); Building environmental 
design (lighting); 

•	 4th Year: Building environmental 
design (sound)

Ardhi University (Tanzania):
•	 1st year: Environmental science 1; 

•	 2nd Year: Environmental science 2

However, these courses still need to 
be strengthened further to reflect the 
changing shift towards environmentally 
friendly and energy efficient 
architecture and increased emphasis on 
sustainability needs to be integrated 
into other courses like:

•	 Building construction studies

•	 Building physics

•	 Building services

•	 History and theory of architecture.

•	 Building material science

•	 Settlement development

•	 Urban design

Every concept learnt should be 
applicable to the design work 
undertaken in that given year to 
demonstrate understanding of the 
course work.
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Below is a proposed structure stating areas that can be integrated into the curriculum:

Topic Description Year of Study

Introduction 
of climate and 
architecture

•	 A	background	introduction	to	the	recent	changes	in	climate	and	population	and	the	
effects	these	changes	have	had	on	day	to	day	life	and	especially	on	architecture.

First year
At	the	end	of	the	academic	year,	a	
student	should	be	able	to:
1.	 Differentiate	between	

traditional	design	and	
integrated	design.

2.	 Have	an	understanding	of	
climatic	parameters	and	
how	they	affect	design	and	
energy	balance	in	buildings	
performance	

3.	 Understand	the	regional	
climate	and	differentiate	
between	the	climatic	zones.

The Building 
Sector

•	 A	look	at	global	trends	in	the	building	sector	and	the	resultant	energy	needed	for	
urbanization.

Integrated Design •	 Introduction	to	integrated	design:	Phases	of	the	design	process	that	influence	
building	energy	performance	and	comfort.

•	 Traditional	Design	Process	vs.	Integrated	Design	process

Architecture in 
tropical climates

•	 Introduction	to	energy	and	buildings	
•	 Current	trends	in	building	design	and	energy	consumptions.

Climatic 
Parameters

•	 The	main	climatic	parameters	affecting	energy	performance	in		building:
•	 Solar	Radiation:	Solar	geometry,	designing	with	sun	charts,	parameters	affecting	

local	solar	radiation,	solar	irradiance	calculation.
•	 Air	temperature:	Factors	affecting	air	temperature	(topography,	location,	surface	

factor)
•	 Relative	Humidity
•	 Wind:	Speed,	direction	and	frequency	
•	 Aggregation	of	climatic	data	to	calculate	energy	performance	of	buildings.

Climate in the 
East African 
Communities

Description	of	climatic	zones	in	the	region	and	an	introduction	on	creating	comfortable	
living	conditions:

Zone	1:	Hot-Humid
Zone	2:	Hot	arid
Zone	3:	Hot	semi-arid/Savannah
Zone	4:	Great	lakes
Zone	5:	Uplands
Zone	6:	High	Uplands	

Passive Design Introduction	to	passive	design	vs.	active	design Second Year
By	the	end	of	the	year	the	students	
should	be	able	to:
1.	 Distinguish	between	passive	

and	active	design.
2.	 Interpret	and	apply	the	bio-

climatic	chart.
3.	 Integrate	passive	design	

measures	in	their	studio	design	
in	both	planning	of	the	site	and	
the	building.

4.	 Have	an	understanding	
of	thermal,	U-value	and	
embedded	energy	properties	of	
different		building	materials

5.	 Interpret	and	analyse	a	building	
design	using	the	climatic	zones	
learnt	in	their	first	year.

Bio climatic 
Charts

•	 Introduction	of	bio-climatic	charts	as	a	tool	for	analyzing	the	climate	of	a	particular	
place	and	indicating	zones	of	human	comfort	based	on	ambient	temperature	and	
humidity,	mean	radiant	temperature,	wind	speed	radiation	and	evaporative	cooling.

•	 A	step-by-step	study	and	application	of	the	Givoni	Bioclimatic	Chart	to	identify	the	6	
zones	for	passive	design	strategies:
1.	 Comfort	zone
2.	 Natural	ventilation	zone
3.	 Evaporative	cooling	zone
4.	 High	thermal	mass
5.	 High	thermal	mass	and	night	ventilation
6.	 Passive	heating

Site Planning •	 Introduction	to	low	energy	urban	design	analysed	by	shape,	orientation	and	
distance	between	buildings.

•	 Methodology	to	energy	conscious	urban	design	and	recommended	urban	patterns.
•	 Sustainable	site	planning

Building Design Factors	affecting	thermal	and	visual	comfort	and	energy	consumption	in	buildings:
1.	 Building	Shape
2.	 Building	orientation
3.	 Building	fabric
4.	 Roof	and	wall	design
5.	 Openings

Natural 
ventilation

•	 Basic	principles	of	natural	ventilation.
•	 Wind	driven	air	motion:	Sizing	openings	for	cross	ventilation,	Indoor	air	velocity,	

Stack	effect,	room	organization,	induced	ventilation.
•	 Recommendations	for	the	best	exploitation	of	natural	ventilation.

Daylighting Taking	advantage	of	daylight	levels	and	quality	is	essential	for	visual	comfort,	reduces	
the	amount	of	conventional	energy	used	and	diminishes	thermal	gains	indoor.
•	 Window	design	and	Visual	Comfort
•	 Systems	to	enhance	natural	lighting.
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Topic Description Year of Study

Shading •	 Description	of	methods	used	to	evaluate	the	shadows	cast	on	a	surface	by	
projecting	elements	or	surrounding	obstructions:
1.	 Sundial
2.	 Shading	masks

•	 Overhang	shading	calculations
•	 Shading	devices:	Fixed	systems	and	movable	systems.

Natural Cooling The	use	of	natural	technical	solutions	and	how	to	measure	effectiveness:
•	 Evaporative	cooling
•	 Fans

Building materials •	 Introduction	on	conventional	and	sustainable	construction	materials.
•	 Sustainably	managed	materials	for:

1.	 Walls
2.	 Roofs
3.	 Insulation	materials
4.	 Sustainable	local/innovative	building	materials

•	 Interlocking	stabilized	soil		brick	technology

Design Guidelines 
according to East 
African Climates

Design	guidelines	for	site	planning,	building	design,	natural	ventilation,	day	lighting,	
shading	and	cooling	according	to	each	of	the	different	climatic	zones	in	the	tropical	
climates.
•	 Residential	buildings
•	 Institutional	buildings
•	 Commercial	buildings

Lessons from the 
past

•	 How	culture	and	tradition	informed	the	design	and	construction	of	sustainable	
buildings	in	different	climates.

•	 Examples	of	colonial	and	pre-colonial	architecture	in	East	Africa

The envelop •	 Glazing:	Glazing,	climate	and	energy;	solar	radiation;	thermal	comfort	and	visual	
comfort;	Smart	windows;	Glass	architecture;	Sizing	and	design	of	openings.

•	 Shading	options.

Third Year
By	the	end	of	the	year,	students	
should	be	able	to:
1.	 Design	and	explain	energy	

efficient	building	envelop	
including	windows,	wall	and	
roof	materials,	ventilation	
systems,	etc.

2.	 Distinguish	between	different	
energy	intensive	and	energy	
efficient	systems	and	apply	
them	in	design	accordingly.

3.	 Have	an	understanding	of	
energy	performance	certificates	
and	rating	systems	around	
the	world	and	how	they	are	
applied.

4.	 Simulate	the	energy	balance	
of	their	designs	on	specified	
software.

Building Services •	 HVAC	types	and	features:	Hydronic	systems;	Air	systems;	Air	handling	units;	Energy	
recovery	ventilators;	Air	terminal	units;	Direct	refrigerant	systems;	Control	systems;	
Design,	commissioning,	operation	and	maintenance	guidelines.

•	 Centralised	vs.	decentralized	systems
•	 Efficient	Energy	Conversion	Technologies:	Refrigerating	machine	and	heat	pump;	

Evaporative	coolers;	tri-generation	systems;	decentralized	services.
•	 Domestic	Hot	Water	Production
•	 Artificial	lighting:	Types	of	lamps;	lighting	control	systems;	design	of	lighting	

systems;	tips	for	artificial	lighting

Hybrid Ventilation •	 Natural	and	mechanical	ventilation
•	 Fan-assisted	natural	ventilation
•	 Stack	and	wind	assisted	mechanical	ventilation

Existing Building •	 The	energy	consumption	of	existing	buildings	can	be	reduced	by	:
1.	 Envelop	improvement.
2.	 HVAC	systems	improvement.
3.	 Operations	and	maintenance	improvement.

•	 Evaluation	of	Energy	saving	potential	during	renovation.

Simulation Tools •	 Application	of	simulation	tools	that	allow	designers	to	calculate	the	energy	
consumption	of	their	buildings.
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For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical 
issues in the field of sustainable human settlements development. They are 

not meant to be final or exhaustive. For more information, contact the Urban 
Energy Unit. Prepared by Vincent Kitio, Ruth Maina and Jerusha Ngungui

Topic Description Year of Study

Energy and Urban 
metabolism

•	 Energy	and	the	urban	metabolism:
•	 Designing	a	low	energy	development	by:

1.	 Optimising	energy	efficiency	of	the	urban	structure
2.	 Minimising	energy	demand	of	buildings
3.	 Maximising	the	share	of	energy	from	renewable	sources.

•	 Urban	mobility
•	 Urban	gardens

Fourth Year/ Elective course
By	the	end	of	this	course,	a	student	
should	be	able	to:
1.	 Design	and	explain	an	energy	

efficient	urban	setting	that	uses	
relevant	technologies,	water	
management	and	solid	waste	
management	to	improve	the	
community

Water and 
sanitation

•	 Sources	of	water;	water	sources;	water	conservation;	drainage;	design	strategies	
for	reducing	water	consumption;	rain	water	harvesting	and	water	treatment	
technologies

•	 Sludge	to	energy	technology

Solid waste 
management

•	 Composition	of	solid	waste
•	 Integrated	management	systems
•	 Available	and	applicable	technologies
•	 Basic	guidelines	in	waste	management.

Solar PV •	 The	uses	of	photovoltaic	cells.
•	 Architectural	integration	of	photovoltaic	systems.

Fifth Year/ Elective Course
By	the	end	of	these	year,	the	
students	should	be	able	to:
1.	 Understand	the	application	of	

renewable	energies
2.	 Apply	energy	efficient	

technology	and	renewable	
energy	technologies	applicable	
to	each	design.

Solar Thermal •	 What	are	solar	thermal	collectors?
•	 Type	of	solar	collectors.
•	 Determining	collector	efficiency.
•	 Hot	water	production	using	solar	collectors.
•	 Solar	cooling	using	solar	thermal	collectors

Wind Energy •	 An	overview	on	harnessing	wind	energy	in	the	urban	context.

Hydropower •	 Basics	of	hydropower	energy
•	 Types	of	turbines

Bio mass •	 What	is	biomass?
•	 Characteristics	of	biomass.
•	 Biomass	cook	stoves:	Improved	cook	stoves;	kitchen	stoves;	fireplace	heating	

systems;	briquette	heating	stoves
•	 Biomass	to	Energy	technologies.

Net zero energy 
buildings

•	 Overview	on	the	concepts	of:	Energy	performance;	zero	energy	buildings;	net-zero	
site	energy;	net-zero	source	energy.

•	 Zero	Energy	Buildings	in	the	tropics:	Early	experiences

Fifth Year / Elective course
The	student	should	be	able	to:
1.	 Understand	the	net	zero	and	

the	energy-plus	concept	in	
buildings	and	urban	design.

2.	 Design	a	net	zero	concept	
based	on	the	knowledge	
acquired	over	the	five	years.

Net Zero Energy 
Communities

•	 Understanding	the	concept	of	energy	sufficient	communities	by	combining	technical	
and	technological	means	available	and	appropriate	for	the	local	climate	and	
resources.

Energy 
Performance 
Certificates/ 
Green Building 
rating systems

•	 The	role	that	these	systems	play	in	achieving	energy	and	resource	efficiency.
•	 Overview	of	different	systems	and	certificates	around	the	world.

PHOTOS

© Matthias Kestel and Jerusha Ngungui
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STRATEGY

1 Site selection
•	 Use	of	existing	buildings	-	to	reduce	energy	required	for	new	buildings
•	 Brownfield	sites	over	undeveloped	green	field	sites	are	preferred
•	 Special	consideration	for	disaster	prone	area	(floods,	landslides	etc.)

2 Building footprint
•	 Should	conform	to	the	permitted	site	coverage
•	 The	remaining	area	should	be	permeable	to	ensure	rainwater	infiltration

3 Building orientation
•	 Buildings	should	be	designed	such	that	the	long	axis	is	along	the	east	-	west	axis.

4 Building form / shape
•	 Buildings	that	are	narrow	in	plan	help	to	achieve	maximum	natural	lighting	penetration,	

good	cross	ventilation	and	minimise	heat	gain.

5 Allocation of spaces within the building
•	 Location	of	building	services	-	like	toilets,	staircases,	lifts,	lobbies,	stores,	ducts	etc.	-	on	

the	east	and	west	facing	walls	to	act	as	buffer	zones	against	heat	gain.	

6 Openings
Window	sizing	(according	to	the	prevailing	climatic	conditions)
•	 	Window	to	Wall	Ratio	(WWR)	of	0.2	-	0.3	is	acceptable	
•	 Hot	and	Humid	-	to	allow	for	maximum	air	movement	large	openings	are	recommended	

-	at	least	50%	of	north	and	south	facing	walls	and	glazing	should	not	exceed	20%	of	the	
wall	area

•	 Hot	arid	and	Hot	semi-arid/	Savannah	-	10-20%	of	the	area	of	north	and	south	facing	
walls	should	be	operable

•	 Lakes	region	-	openings	should	be	25-40%	of	the	area	of	north	and	south	facing	walls.	
The	glazed	part	of	the	openings	should	not	exceed	15-20%	of	the	whole

•	 Upland	/	High	upland	-	north	and	south	facing	windows	should	be	large	to	allow	for	
passive	heating.	15-25%	of	the	wall	area	should	be	operable

Window	placement
•	 They	should	be	placed	on	the	north	and	south	facing	walls	for	easier	sun	control
•	 The	should	be	avoided	on	the	east	and	west	facing	walls	-	it	is	difficult	to	control	

shading	

7 Day lighting 
•	 Provision	of	openings	on	the	north	and	south	facing	walls
•	 Narrow	plans	aid	in	day	light	penetration	into	the	building
•	 Clerestory	windows,	atriums,	solar	tubes,	mirror	ducts	etc.	can	be	used	to	enhance	

natural	day	lighting
•	 Light	shelves	can	be	used	to	redirect	daylight	and	control	glare
•	 Staircases,	toilets	and	kitchens	should	always	be	provided	with	day	lighting

Building	orientation	of	The	Learning	Resource	
Center	©	Musau	Kimeu

Skylights	and	clerestory	windows	
©	UN-Habitat	/	Zeltia	Blanco

Orientation	along	east-west	axis.	Local	building	
materials	©	UN-Habitat	/	Marja	Edelman
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8 Sun shading / Solar control
•	 Design	appropriate	shading	devices	for	glazed	surfaces	using	sun	shading	devices	-	roof	

overhangs,	vertical	and	horizontal	sun-shading	elements,	balconies,	screens,	vegetation	
etc.	
–	 Horizontal	shading	devices	are	appropriate	for	north	and	south	facing	facades
–	 Vertical	shading	devices	are	appropriate	for	east	and	west	facing	facades
–	 Egg-crate	shading	devices	are	appropriate	for	south	west,	north	west,	south	east	

and	north	east	facing	facades

9 Ventilation and cooling 
Passive
•	 Use	of	operable	windows,	thermal	chimneys,	roof	vents,	louvered	fenestrations	etc.
•	 Use	of	passive	ventilation	strategies	for	natural	ventilation	–	cross	ventilation,	stack	

effect,	solar	chimneys,	clerestory	windows	etc.
•	 Provision	of	openings	and	manual	operable	windows	in	all	habitable	spaces	
•	 Use	of	narrow	plans	to	allow	for	cross	ventilation	across	spaces
•	 Use	of	passive	cooling	strategies	–	evaporative	cooling,	vegetation,	wind	turbines,	rock	

bed	heat	exchanger,	ground	cooling,	green	roofs	etc.		
Active
•	 In	case	of	artificial	cooling	make	provision	for	proper	insulating	material	to	avoid	

additional	heat	gain

10 Heating
Passive
•	 Suitable	for	upland	/	high	upland	climates
•	 Medium	weight	walls,	floors	and	ceilings	are	recommended	for	the	best	exploitation	of	

passive	solar	gains	
•	 Design	should	allow	for	penetration	of	sun	into	the	building		during	the	cold	season	for	

passive	heating
Active
•	 In	case	of	artificial	heating,	make	provision	for	proper	insulating	material	to	avoid	

additional	heat	loss

11 Building envelope
•	 Materials	with	low	U-values	are	appropriate	for	hot	and	dry	climates
•	 Materials	with	high	U-values	are	appropriate	for	hot	and	humid	climates

Should	be	selected	according	to	the	local	climate:

FOUNDATION
•	 Appropriate	foundation	depending	on	the	site’s	condition	-	topography,	water	table	

level,	soil	type	and	depth	of	bedrock	
•	 Foundation	should	be	designed	to	meet	the	necessary	structural,	thermal,	termite	and	

moisture	or	water	control	(water	proofing)	requirements
•	 Use	of	porous	back	fill	material	(gravel,	sand)	against	the	foundation	walls	to	promote	

drainage

SLAB
Ground	floor	slab
•	 Waterproof	membrane	(ground	floor)	for	moisture	control	
•	 Specification	of	appropriate	floor	finishes	for	acoustical	consideration

Suspended	floor	slab
•	 Light	coloured	soffit	to	enhance	day	lighting
•	 Specification	of	appropriate	floor	finishes	for	acoustical	consideration
•	 Provision	of	acoustical	treatment	of	the	slab	soffit	(ceiling)	depending	on	the	use	of	the	

room	or	area

Horizontal	sun	shading	devices	
©	UN-Habitat	/	Jerusha	Ngungui

Vertical	sun	shading	devices	
©	UN-Habitat	/	Jerusha	Ngungui

Perforated	walls	and	louvres	for	shading	and	
ventilation	©	Tengbom	Architects

Shading	devices	©	UN-Habitat	/	Vincent	Kitio
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WALLS
Hot	and	humid

•	 lightweight	walls	with	low	thermal	capacity
•	 light	colour	exterior	to	reflect	solar	radiation
•	 light	colour	interior	finishes	to	enhance	day	light

Hot	arid	
•	 heavyweight	walls	with	high	thermal	capacity
•	 light	colour	exterior	to	reflect	solar	radiation
•	 light	colour	interior	finishes	to	enhance	day	light

Hot	semi-arid	/	savannah
•	 medium	weight	walls
•	 light	colour	exterior	to	reflect	solar	radiation
•	 light	colour	interior	finishes	to	enhance	day	light

Lake	region
•	 Medium	to	heavyweight	walls
•	 light	colour	exterior	to	reflect	solar	radiation
•	 light	colour	interior	finishes	to	enhance	day	light

Upland/	high	upland
•	 medium	to	heavyweight	walls	
•	 light	colour	exterior	to	reflect	solar	radiation
•	 light	colour	interior	finishes	to	enhance	day	light

ROOFS
Hot	and	humid

•	 lightweight	roofs	with	low	thermal	capacity	and	high	reflectivity
•	 well	ventilated	or	well	insulated	to	reduce	heat	gain

Hot	arid	
•	 heavyweight	roofs	with	high	reflectivity
•	 ventilated
•	 if	roof	is	lightweight,	the	ceiling	should	be	heavyweight

Hot	semi-arid	/	savannah
•	 medium	weight	roofs	with	high	reflectivity
•	 ventilated

Lake	region
•	 medium	thermal	mass	roofs
•	 well	ventilated

Upland/	high	upland
•	 medium	weight	roof	with	good	insulation	value

12 Choice of building materials
Recommendations	taking	into	account	climate	and	sustainability:
•	 select	materials	with	low	embodied	energy	and	low	energy	construction	systems
•	 use	naturally	available	materials
•	 use	durable	materials	and	components
•	 use	locally	available	materials	and	technologies
•	 use	materials	with	greater	potential	for	reuse	and	recycle
•	 use	adhesives	with	no/low	Volatile	Organic	Compound
•	 use	materials	that	are	non-toxic	and	with	minimal	indoor	pollution

13 External finishes
•	 Use	of	light	coloured	external	finishes	to	reflect	unwanted	solar	radiation
•	 Use	of	green	walls	to	reduce	overall	temperatures	of	the	building

14 Renewable energy
Onsite	generation	of	renewable	energy:
•	 Solar	energy	(solar	PV	and	solar	water	heaters)
•	 wind	energy
•	 biogas	from	biodegradable	waste
•	 hydropower

Local	building	materials	©	Matthias	Kestel

Light	coloured	external	finishes	
©	UN-Habitat	/	Jerusha	Ngungui

Solar	panels	©	UN-Habitat	/	Jerusha	Ngungui

Light	colour	interior	finishes
©	UN-Habitat	/	Jerusha	Ngungui
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For more information, please contact:
The Urban Energy Unit
Urban Basic Services Branch
United Nations Human Settlements Programme (UN-HABITAT)
P. O. BOX 30030 - 00100 Nairobi, Kenya
urban-energy@unhabitat.org
www.unhabitat.org/urbanenergy

www.unhabitat.org

Executed by UN-Habitat with the support of GEF and UNEP

The purpose of this Technical Note is to call reader’s attention to new technical 
issues in the field of sustainable human settlements development. They are 

not meant to be final or exhaustive. For more information, contact the Urban 
Energy Unit. Prepared by Vincent Kitio and Jerusha Ngungui
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15 Water efficiency
Incorporation	of	water	efficiency	strategies	such	as:	
•	 Rain	water	harvesting	–	to	be	used	for	cleaning,	watering	plants,	flushing	toilets	etc.
•	 Recycling	of	grey	water	–	use	of	dual	plumbing	system
•	 Use	of	water	saving	fixtures	–	dual	flush	systems,	low	flow	taps	etc.

16 Sanitation
•	 Provision	of	environmentally	friendly	toilets	and	sewerage	systems:	bio-digesters,	reed	

bed	sewage	systems,	oxidation	ponds	etc.

17 Solid waste management
•	 Recycling	non	–	biodegradable	waste
•	 Onsite	sewage	treatment	for	institutions	/	buildings	in	absence	of	Municipal	sewage	

systems
•	 Producing	biogas	using	biodegradable	waste
•	 Sorting	of	waste	generated

18 Landscaping
Soft	landscaping
•	 Use	of	indigenous	plants	that	require	minimal	irrigation	should	be	incorporated	in	the	

design

Hard	landscaping
•	 Provision	of	permeable	or	porous	paving	materials	(open	joint	pavers,	porous	concrete,	

paving	stones,	permeable	clay	brick	pavements		etc.)	where	appropriate

19 Storm water management
•	 Provision	of	drainage
•	 Provision	of	measures	to	mitigate	storm	water	/	rainwater	run-off	and	replenishing	the	

water	table	-	permeable	paving,	rain	gardens,	soakaways,	ponds,	swales,	infiltration	
trenches	etc.	

20 Energy efficiency / appliances
Use	of:
•	 solar	water	heating	systems
•	 energy	efficient	bulbs,	appliances	etc.
•	 light	level	sensors
•	 occupancy	/	motion	sensors	
•	 behaviour	change

Above	ground	plastic	inflatable	gasholder
©	UN-Habitat	/	Vincent	Kitio

Solar	water	heater	
©	UN-Habitat	/	Jerusha	Ngungui

Hard	and	soft	landscaping	
©	UN-Habitat	/	Jerusha	Ngungui


