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1. Introduction

Urbanization is a transformational change from rural to urban 
civilization. Africa and Asia continents are urbanizing more rapidly 
than other regions of the world [1]. Currently, 54% of the world’s 
population live in urban areas, a proportion expected to increase 
to 68% by 2050 [1]. Urbanization brings overcrowding, social, health 
and pollution challenges. High crime incidences, discrimination, 
violence, poverty, children and women exploitation are character-
istics of slum dwelling. 

The average annual urbanization rate is highest in Asia (1.5%) 
and Africa (1.1%) though the trends are slowing down as regions 
become more modernized [1]. In urban and urbanising areas, in-
dustrial development impacts the living standards, economic and 
scientific growth as well as socio-cultural and technological ad-
vancement [2]. In Africa, living standards are changing with in-
creased commodity costs. The major causes of urbanization in 

Africa are rural-urban migration and urban biased development 
strategies that have translated to local, national and regional armed 
conflicts. According to UN, Department of Economic and Social 
Affairs, Population Division [1], rapid urbanization in developing 
countries calls for major changes in the way in which urban develop-
ment is designed and managed. 

Uganda is among the sixteen countries worldwide with high 
urbanization rates of about 20% [1] and a population growth rate 
of 3.3% [3]. Kampala city has a population of about 1.5 million 
and constitutes 25% of the country’s total urban population [3]. 
Generally, urban population represents 18% (6 million) of Uganda’s 
total population of which 60% live in slums and informal 
settlements. This rapid urbanization due to the prevailing political 
stability is faced with many challenges related to food insecurity, 
sanitation, health, security, education, pollution and housing [4]. 

The Uganda National Slum Upgrading Strategy (UNSUS) under 
the ministry of lands, housing and urban development in collabo-
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ration with UN Development Program has proposed several guide-
lines on slums upgrading. This project highlights strategies for 
slum residents’ inclusion and participation as active partners in 
offering solutions to their prevailing conditions [5]. Therefore, an 
affordable and sustainable project utilizing available wastes re-
sources and little investment is recommended. An integrated poultry 
farming cum biogas digestion plant utilizing wastes from poultry 
and toilets to yield biogas for domestic use is proposed. The resultant 
slurry are to be used as fertilizers in backyard gardens.

According to Zuzhang [6], biogas projects have social, economic 
and environmental impacts on vulnerable people in society. Again, 
according to Bill and Melinda Gates [7], chicken was seen as a 
money generating project that can create much income for the 
rural and urban poor. Similarly, backyard gardening has direct 
correlation with social and economic wellbeing of urban slum dwell-
ers [8]. This project is aimed at improving the livelihood of Katanga 
slum dwellers by empowering them on the use of sustainable renew-
able energy and improved agriculture.

2. Status of Katanga Slum 

Katanga is one of the biggest urban slums in Kampala city, Uganda. 
It is located in the valley between Mulago Hospital and Makerere 
University. It is a flood plain with a bigger area under wetland 
and swamps. It stretches about 1.5 km2 from Wandegeya to Kubiri 
and is divided into two administrative Local Council 1 zones; “Busia” 
and “Kimwanyi” (Fig. 1) [9]. The population of Katanga slum is 
over 20,000 people with more than 50% being children below 
14 years. About 60% of the population occupy semi-permanent 
and temporary structures due to extreme poverty and 23% own 
houses while 77% are tenants [10]. Electricity is limited in the 
slum with only 4.3% of households utilizing it for lighting otherwise, 
about 84.2% and 12.1% use charcoal and firewood respectively 
for cooking [5]. Less than 13.9% of Katanga slum households have 
access to piped water. Other water sources include boreholes, open 
wells, few protected springs and streams which are threatened 
by heavy pollution associated with poor sewage disposal and lack 
of toilets [10]. 

3. Slum Settlement Policies in Uganda

Every government is responsible for executing appropriate policies 
to enable formal settlements, equitable distribution of resources 
and sustainable urban growth. Ideally, cities are economic as well 
as social focal points of developed societies. However, an all-in-
clusive approach in relation to planning and management of cities 
is paramount in improving the livelihood of dwellers [1]. Therefore, 
viable urbanization necessitates that cities be able to create sustain-
able income and employment opportunities, sustain good infra-
structure, clean water, sanitation, energy, information and 
communication. Advocating policies that support formal settle-
ments, equitable distribution and accessibility of services, lessen 
the number of slums dwellers while heightening the ability to 
conserve natural resources around and within the city.

Fig. 1. Map of Kampala City, Uganda.

The Ugandan parliament developed UNSUS and Action Plan 
in 2008 to uplift livelihoods of about one million slum dwellers 
by 2020 [10]. It was developed to provide a framework, direction 
and plan to all stakeholders: government, urban authorities, NGOs 
and Community Based Organizations [5]. However, implementation 
of these strategies is still challenging.

4. Integrate Biogas Digester, Poultry and Backyard 

Gardening Project 

It is estimated that 68% of Africa’s population live without clean 
cooking facilities and energy despite the high rates of urbanization 
[11]. Energy access plays a key role in poverty alleviation especially 
where people live under extreme poverty and use wood based 
fuels. Forest depletion is inevitable if households continue using 
firewood for cooking purposes. The current climate change trends 
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necessitates adoption of technologies and solutions that can address 
these problems. The biogas, poultry and backyard gardening project 
can have a combined solution that simultaneously curbs problems 
of fuel scarcity, food insecurity and poor health and addressing 
land degradation. The project will provide energy from biogas di-
gester and concurrently the poultry reared and the backyard garden 
products will have positive impacts on nutrition and food security 
of slum dwellers. 

4.1. Project Description

4.1.1. Site survey 
To eliminate problems arising from poor planning, site survey for 
a biogas plant project is very crucial. First, the ministry of lands, 
housing and urban development and Kampala Capital City 
Authority together with the local council must be informed 
accordingly. Consequently, a thorough inspection of the type 
of feedstocks, household sizes, available usable space, and types 
of structures among others is done. For Katanga slums, status 
assessment of available toilets, space for building new structures 
and poultry houses plus small space for gardening will be done. 
A technical master plan survey of the biogas plants will then 
be outlined within designated areas. The residents will be sensi-
tized accordingly via focused group discussions on the intended 
benefits of the entire project. Similarly, necessary collaborations 
and participation strategies with the slum dwellers will be un-
derscored earlier enough to avoid future resistance. Necessary 
training and education on construction skills will be conducted to 
the slum dwellers as a way of heightening their participation and 
involvement in the project [12]. A service delivery model intended 
for Katanga slum integrated project is illustrated by Fig. 2. 

Fig. 2. Functional delivery model for Katanga integrated project.

4.1.2. Prerequisite preparations for the project  
Upon sorting the preliminary requirements, source of funding and 
proper initial site preparations will commence. With funds allo-
cated, all the necessary tools and equipment required for the entire 
project will be bought. This will be allocated according to the 

budgeted amounts for the entire project (Table 2). A sizable poultry 
house measuring 2 m by 3 m with a cage capacity for maximum 
20 hens will be constructed. The floor should be cemented and 
cage partitions put with wire mesh for channeling droppings into 
collection trays. The collected chicken droppings are then trans-
ferred to a mixing chamber before feeding them into the digester. 
Similarly, toilets constructed to serve approximately 30 households 
are built and connected via a pipe to a single digester tank. 
Consequently, land preparations as well as hanging gardens are 
prepared in readiness for transplanting vegetables and fruits seed-
lings from seed beds. Fig. 3 gives the overall outline of the biogas 
cum poultry and garden project plan.

Fig. 3. Feedstock digestion process and products.

4.1.3. Biogas digester design layout
A fixed dome domestic biogas digester model useful for family set 
up was chosen. According to Sasse et al. [12], fixed dome model 
is preferable because of its longer lifespan of more than 20 years. 
It is easy to operate and not easily damaged since it is underground. 
A sizable digester of volume 15 m3 is chosen depending on the 
approximated amounts of wastes that should result from toilets and 
poultry houses (Table 1) [13]. Combination of human and poultry 
feaces is projected to give better biogas yields and therefore could 
be viable in the long run [14]. Sizing a digester depends on various 
factors such as waste quantity (Vwaste), water volume (Vwater), retention 
time (RT), temperature (T) and acidity (pH) [15]. Therefore, the 
digester volume size according to the quantity of waste and retention 
time would be calculated using Eq. (1):

Table 1. Excretes Production Rate - Animals Versus Biogas Yield Potential

Livestock 
Dung production

(kg/100 kg of animal/d)
Biogas potential

(litre of biogas/ kg of fresh dung)

Cattle 8 35

Pig 4 51

Goat 4 35

Poultry hen 0.12 55

Source: Sasse et al. [12] and Twidell & Weir [13]
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 

×



(1)

Where x is the ratio of gas volume within the digester and it’s 
volume. For dome digesters,  a typical value of x is 0.25 since 
gas volume in the dome usually represents around 25% of the 
total digester volume. The retention time should be 30 d subject 
to digester temperature range which is designed to be between 
15-30oC. Similarly, solid wastes to water ratio should be 1:1 while 
the ideal pH level chosen for a fixed dome disgeter is 7 [16].

4.1.4. Construction
This is carried out using locally acquired materials according to 
the design considerations and standards. The mixing chamber sec-
tion for both the toilet and poultry wastes is lined with the digester 
inlet so as to enable proper mixing and water addition before being 

fed. Similarly, a secondary digester is constructed to act as a surging 
tank especially during rainy seasons providing safety to the main 
digester. Fig. 4 illustrates a typical construction site and picture 
of a fixed dome digester.

4.1.5. Biogas and slurry units
One fixed dome digester will supply 30 households with biogas 
for cooking and lighting meeting their energy demands. Biogas 
yielded will then be channeled via gas piping system to households.  
Consequently, slurry from the digester will be collected and dried 
before using the as fertilizers to the backyard gardens. 

4.1.6. Operations and maintenance
The fixed dome biogas digester is easy to maintain since no speci-
alized personnel is needed to operate it. Katanga slum dwellers 
will be trained and given the responsibility of routine maintenance. 

Table 2. Katanga Slum Integrated Project Proposed Budget As at 20th July 2016

Particulars No Item Units Unit cost (USD) Amount (USD)

Toilets, mixing tanks and digester 1 Bricks 1,500 0.1 150

2 Cement 10 bags 10 100

3 Iron sheets 5 sheets 10 50

4 Timber 6 2 12

5 Nails 2 kg 1 2

6 Sand 1 trip 100 100

7 Aggregate stones 1 trip 150 150

8 Labour 2 workers 200 400

Backyard garden 9 Sacks 10 0.2 2

10 Labour 1 10 10

Poultry houses for 20 hens 11 Bricks 200 0.1 20

12 Nails 1 kg 1 1

13 Timber 2 2 4

14 Wire mesh 2 roll 4 8

15 Iron sheets 6 10 60

15 Chicks 20 0.5 10

16 Miscellaneous 1 200 200

Total 1,279

Fig. 4. Fixed dome technology. Source: Sasse et al. [12].
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Normally, a fixed dome digester takes over 20 y to get damaged 
[17]. Each household will be responsible for collecting and bringing 
chicken droppings to the digester daily while human feaces will 
be channeled automatically into the digester. For equitable dis-
tribution of the biogas and slurry yielded a person will be in charge. 

4.2. Why Combine Three Ventures under One Project?

To maximize the potential of slum settlements, the project will 
ensure that wastes from households become very useful in improv-
ing the livelihood of slum dwellers. According to Bill & Melinda 
Gates [7], chicken and small livestock projects have the potential 
of combating poverty in areas with limited space for expansion. 
Similarly, they can empower women thereby improving overall 
health conditions of people and development in areas where poverty 
is still a serious challenge. Nansubuga et al. [13] noted that human 
feacal matter mixed together with poultry droppings produce more 
and good quality biogas compared to animal or human feacal matter 
alone. Consequently, slurry from biogas digesters will be used by 
every household to generate substantial amount of vegetables that 
can immensely reduce their cost of living. Comparatively, Warnars 
& Hivos [18] indicated that slurry from digesters used in backyard 
gardens has potential of improving yields by about 10-50% unlike 
compost manure alone. 

Vitally, this project strives to address problems of water and 
land pollution that cause degradation when wastes are not handled 
properly. For single biogas plant or poultry project, bio-slurry and 
poultry droppings can end up polluting land and water bodies. 
Similarly, backyard gardening project alone would be unviable 
without bio-slurry and poultry droppings thus low vegetable yields. 
Therefore, the three ventures under one project boost the efficiency 
and output of each individual project. Finally, the project endeavor 
to significantly impact the social, environmental and economic 
aspects of Katanga slum community.

5. Project Impacts 

The Katanga slum biogas, poultry and gardening project has three-
fold potential impacts (Fig. 5).

Fig. 5. Integrated project triple win plan. Source: Rakotojaona [16].

5.1. Environmental Impacts 

This project has potential of reducing the prevalent biomass resource 
depletion. This is true since households that mainly use firewood 
and charcoal for cooking and heating, would use biogas thereby 
vastly curbing the problem of deforestation. Similarly, this project 
will aid in reduction of greenhouse gas (GHG) emissions [19-21]. 
The use of unsustainable wood for heating and cooking results 
in positive GHG emissions, whereas biogas provides clean energy 
with minimal pollution. Again, pollution caused by open defecation 
will be greatly reduced because of the permanent toilets.  The 
biogas plant project can substitute the use of firewood and charcoal 
in slum settlements thus saving the environment in the long run 
[19]. Slurry from biogas digesters used in backyard gardens will 
significantly reduce the rate of water and land degradation as com-
pared to inorganic fertilizers [20-21].

5.2. Social Impacts 

This project aims at improving quality of life of the vulnerable 
slum dwellers especially women and children. Biogas cooking is 
more convenient and faster than firewood and charcoal stoves. 
With this improved cooking system, families will cook cleaner 
and hygienic foods [22]. Similarly, this project will promote gender 
equality by empowering women and children who are predom-
inantly involved in house chores. Though men are the breadwinners, 
Katanga slum women are largely jobless and thus can hardly sustain 
their households. Therefore, providing improved fuel for cooking, 
clean sanitation and improved gardens will result in emancipation. 
Women are generally hard working thus this breakthrough will 
stop overdependence of women on their husbands for family needs. 
This will strike a balance in families especially where men are 
irresponsible drunkards as in Katanga slums. 

Alternatively, this project will greatly improve the health and 
sanitation status of the Katanga slum dwellers. Currently, cooking 
with firewood and charcoal has led to indoor pollution which 
poses great health risks as respiratory diseases [23]. However, biogas 
cooking has minimal indoor pollution since bio-digesters are known 
to reduce pathogenic content of organic materials vastly [21]. 
Consequently, this enhanced sanitation of households and im-
proved food supply will directly boost the health status of children 
and adults in Katanga slum. 

Finally, this project will have great impact on education perform-
ance of children within the Katanga slum. Biogas lamps fixed in 
every house will provide lighting for school children to conduct 
their studies at night. Biogas lamps produce high quality light 
compared to kerosene lamps that are commonly used in Katanga 
slum [24]. 

5.3. Economic Impacts 

According to Katuwal and Bohara [21], proper implementation 
of biogas project has eminent benefits to a community. 
Consequently, this project will significantly reduce expenses in-
curred by households for fuel, food, and vegetables thereby impact-
ing their income status which is majorly below one dollar per 
day [22]. Bio-slurry to improve the backyard garden yields will 
be a great relief to Katanga slum dwellers since inorganic fertilizers 
are very exorbitant to acquire. Moreover, this threefold project 
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has the potential of stimulating national economy by creating jobs, 
increasing food production and improving health and sanitation 
status of slum settlements [24].

6. Proposed Budget 

The optimum budget needed for the whole project is approximated 
as USD 1,279 (Table 2). However, approximately 30% of the budget 
including building materials and labour will be contributed by 
the local people while the remaining 70% will be sourced externally. 
The budget includes all materials needed to construct poultry hous-
es, toilets, mixing tanks, digesters and backyard gardens. The initial 
cost for implementing this project is affordable yet the projected 
social, economic and environmental impacts are immeasurable.

7. Expected Outcomes 

Successful implementation of the project will induce establishment 
of decentralised energy information centres to give locally appro-
priate advice to other slum settlements and various authorities. 
Furthermore it will enhance community involvement on informed 
decision making regarding project utilisation, capacity building 
and access to information. Katanga slum residents will be empow-
ered on the need to spearhead the area’s economic, social and 
infrastructural growth as a way of improving development and 
quality life [24].  

A bridge for food and nutritional security providing micro-
nutrients from fruits and vegetables will greatly improve maternal 
and child health. Again, improved sanitation will minimise morbid-
ity and mortality rates resulting from poor sewage disposal. 
Promoting access to proper waste management systems and clean 
water will curb waterborne diseases. Finally, this project will create 
employment opportunities and in turn reduce incidences of crime 
and insecurity within Katanga slum. 

8. Conclusions

The integrated triple win project is a sustainable venture in providing 
energy for lighting and cooking for slum dwellers. Poultry rearing 
and backyard gardening are sources of food and revenue that can 
sustain households enhancing their social and health wellbeing. 
Adopting this pilot project in Katanga slum will enhance diversified 
benefits to households and serve as example to national strategists. 
The benefits of utilizing wastes produced within the slum settle-
ments to uplift infrastructural, socio-economic and health standards 
are key. Therefore, this project proposal offers viable answers to 
nearly all the bottlenecks of urbanization and thus should be adopted 
accordingly. 
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