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Livestock waste-to-energy is a unique type of an energy source which can be tapped to supplement current
energy needs and also help improve the current waste management problems existing in most parts of the
world. This review paper seeks to assess the potential of Uganda to convert the waste from its rich livestock
production to supplement its energy demand. The amount of bioenergy potential was estimated from a number
of cattle, sheep, goats, pigs and poultry based on descriptive statistics data. Other feedstock sources for biogas
generation were also identified. It was estimated that Uganda has the potential to produce 25.17 PJ of biogas
annually from cattle, goats, pigs, sheep and poultry wastes when treated anaerobically. This is particularly
important because this potential represents about 40% of the total primary energy consumption (62.56 PJ) in
Uganda. The potential biogas generation in Uganda was estimated as 17.76, 1.12, 3.82, 1.72 and 0.75 PJ y-1 of
energy for cattle, sheep, goats, pigs and poultry wastes respectively. The Government of Uganda have set a
target of installing about 100,000 biogas digesters by the year 2017, only 50% of about 500 installed digesters
are in operation. It was recommended that the Government of Uganda should make biogas production a priority
since it can supplement the Rural Electrification Programme.
Keywords: waste-to-energy, livestock, biogas generation, waste management, Uganda.

Introduction
Livestock waste-to-energy (WTE) is an important type
of bioenergy. WTE is a unique type of an energy source
in that, it produces renewable energy and also provides

environmental benefits (Shehu et al. 2012, Chynoweth
et al. 2000, CEC 2011, Ngumah et al. 2013). Bioenergy
can have positive employment and income effects, and
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can increase security of energy supply (Mathias 2014,
Demirel et al. 2010). Energy from livestock waste is
considered as one of the main future renewable energy sources, since it can provide a continuous power
generation (Appels et al. 2011). For one reason, human
population is to face fossil energy privation soon. For
another, biomass is common and the operation of biogas systems is simple (Afazeli et al. 2014). However,
livestock by-products, a valuable resources of biogas
(Bayr et al. 2012), are not efficiently used in developing
countries like Uganda. There is largely untapped potential in agricultural operations where animal waste
is often land applied or disposed-off without conversion to energy (Avcioglu and Turker 2012). Animal wastes also contain pathogens that are very dangerous to
human health (Hussein et al. 2012).
As the development of agriculture and animal husbandry coupled with population growth increases, animal
waste potential also increases (Avcioglu and Turker
2012). Besides, energy demand increases as the population increases. Animal waste can cause huge problems for enterprises and cannot be reutilised (Wilson
2013) if it is not managed properly (Mathias 2014). A
small portion of this is used as a fertiliser for crop production after being left a long time in the open spaces. The use of dung as biogas fuels is not common in
Uganda except in a few areas with fuel wood scarcity.
Lack of control of animal waste in an orderly manner and unconscious waste disposal to arable fields,
pastures and water bodies degrade soil structure as
a result of contamination (Avcioglu and Turker 2012).
The best way to minimise the consequences is to improve waste management through enhanced manure
management. The conversion of animal wastes to bioenergy can also bring significant environmental and
health benefits (GBEP 2007, Ileleji et al. 2008). The benefits range from the use of the slurry for agricultural
production to improving health conditions. The slurry
is very rich in nutrients, which can be used to replace the expensive inorganic fertilisers that are always
imported. The use of biogas also reduces the rate at
which women and children are exposed to harmful
emissions during the use of fuel wood and charcoal
for cooking. Besides, pathogens are controlled during
the anaerobic digestion process. Other benefits include the use of biogas technology to create employment
and solve public waste disposal problems.
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Biogas is a mixture of 60% of methane and 40% of
carbon dioxide (Alexopoulos 2012, Kasisira and Muyiiya 2009). Biogas has a wide range of applications.
The use of biogas is even more relevant considering
the fact that wood is the main energy source in most
parts of Uganda. It can be used to supplement or replace wood fuel as an energy source for cooking and
lighting in Uganda.
In this study, the amount of bioenergy potential was
estimated from a number of cattle, sheep, goats, pigs
and poultry. This value was compared with the amount of bioenergy generated from animal wastes in
other countries. Besides, the potential application of
bioenergy generated from livestock wastes was identified. Other feedstock sources in Uganda for biogas
generation were also recognised. The number of biogas plants in Uganda were also discovered.

Methodology
The geographical location, livestock production
and the energy situation
Uganda is a developing country bordering South Sudan
to the north, Kenya to the east, Democratic Republic of
Congo to the west, Rwanda to the southwest and Tanzania to the south. The estimated population is 34,856,813
(UBOS 2014). The country has a total land size of
241,550.7 km2 (UBOS 2011). The agricultural sector of
Uganda is one of the main drivers of the country’s economy and employs about 66% of the workforce. This
accounts for approximately 20.9% of the nation’s gross
domestic product (GDP). Livestock play an important
role in the social and economic life (Arthur and Baidoo
2011, Mijinyawa and Dlamini 2006) in Africa. Livestock
production contributes massively to food security and
livelihoods. Livestock production contributes about
1.8% to the country’s GDP (UBOS 2014).
In Uganda, about 90% of the populace still rely heavily
on biomass (including firewood, charcoal and crop residues) as their primary energy use. It was reported in
2016 that 90% of total energy utilised in Uganda was
obtained from firewood, charcoal and crop residues.
Crude oil accounted for 7.2% and electricity accounted
for just 1.4%. Excessive dependent on biomass as an
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energy source is compelled by cultural beliefs, low cost
and availability of resource (Mohammed et al. 2013).

Feedstock for biogas production and estimation
of biogas potential from livestock wastes
Appropriate raw material for biogas production must
involve organic material that is suitable for anaerobic
digestion. The energy production potential of feedstock
depends on the type, level of processing or pre-treatment and concentration of biodegradable material (Vögeli et al. 2014). Biogas potential in Uganda is
very large due to the vast resources that are readily
available. The major sources of biogas in Uganda are
animal wastes, forest residues, agricultural residues, municipal solid wastes (MSW) and wood wastes.
The generation of municipal solid wastes in Kampala,
capital of Uganda, is principally composed of food and
kitchen wastes, papers and plastics (Komakech et al.
2014). The MSW generation in Kampala alone is estimated as 0.35 million tonnes per annum (Nabukeera
and Boerhannoeddin 2014). High population growth,
urbanisation and high rate of industrialisation in the
capital will accelerate the generation of municipal solid wastes. This MSW can be treated anaerobically to
produce biogas, which can be used for cooking and
lighting purposes. Agriculture plays an important role
in the economy of Uganda. Large quantities of residues such as rice husks, corncobs, straw, stover, bagasse, stem, leave, shell, stubble, peel and cane trash are
produced annually. These residues are under-utilised.
They are usually ploughed back into the soil, burnt, left
to decompose or grazed by cattle. Rice produces straw
and husks, which can be converted into energy (Mendoza and Samson 2006, Nguyen et al. 2015). Significant quantities of biomass remain in the field in the
form of cobs and stubble during harvesting of maize,
which can be converted into energy (Amon et al. 2007,
Carpita and McCann 2008). Besides, harvesting and
processing of coconut produces shells and fibres that
can be processed into energy (Luukkanen 2011). Forestry residues are generated as a result of thinning of
plantations, clearing for logging roads and extracting
stem wood for timber. Trees damaged by fire, birds
and insects are additional sources of biomass for bioenergy. Wood wastes such as sawdust, off-cuts, trims
and shavings usually concentrated at the processing
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factories such as sawmills can be used for bioenergy
(Yang and Jenkins 2008, Stecher et al. 2013, Simonyan
and Fasina 2013). Sawdust is obtained from cutting, sizing, re-sawing, edging, while trims and shavings are
the consequence of trimming and smoothing of wood.
Uganda also has strong animal production. The biogas
potential of animal manure can be harnessed through
anaerobic digestion (Mustonen et al. 2013).
Livestock residues as an example are excellent material for the production of biogas. Animal residues are
made up of dung and slaughter residues. The available amount of dung depends on the animal population, manure as a fertiliser (Hoogwijk et al. 2003), the
quantity of fodder eaten, the quality of fodder, and the
weight of animals (Duku et al. 2011). Animal manure
has high water content, and it can be digested in the
absence of oxygen for biogas generation.
In the quantification of energy potential of animal wastes, the daily volatile solid (VS) production per animal
and biogas yield per kilogram of volatile solids must
be known (Okello et al. 2013a). The method used to
obtain this estimate was based on descriptive statistics data. The year 2013 was used as the baseline for
estimating the number of livestock. The estimation
is based on the assumption that 25% (Yamamoto et
al. 2001, Swisher and Wilson 1993, Williams 1995) to
35% (Cvetković et al. 2014) of total manure from cattle,
goats, sheep and pigs would be available for biogas
production. This assumption is based on the fact that,
in Uganda, the majority of livestock are free ranged. In
the case of poultry farming, it was assumed that 15%
of total manure would be available for anaerobic digestion (Cvetković et al. 2014). Biogas potential is generally based on the livestock population and quantity
of waste that can be collected from animals. Data used
for the estimation of biogas production from livestock
residues in Uganda are presented in Table 1.
The amount of biogas generation potential from livestock residues can be determined using equation 1
proposed by Okello et al. (2013a).
BPt = N×VS ×Et

(1)

where N is the number of livestock heads; BPt – theoretical biogas potential (m3 day-1); VS – volatile solids
per head (kg DM head-1 day-1); Et – the estimated biogas producing rate (m3 (kg DM)-1).
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Table 1
Estimated data for biogas production of livestock manure per head
(Okello et al. 2013a)
Livestock

Volatile solids
(kg day-1)

Biogas estimating rate
(m3 kg-1)

1

2

3

Cattle

2.67

0.20

Sheep

0.30

0.31

Goats

0.33

0.31

Pigs

0.59

0.31

Poultry

0.1

0.18

Results and discussion
Theoretical biogas production
Livestock production contributes significantly to the
GDP of Uganda. Steady efforts by the government to
control animal diseases and enhance livestock production systems as a result of routine effective livestock extension interventions (UBOS 2014) have led to
livestock production in almost every part of the country. The population of livestock increases from year to
year as shown in Table 2. Although poultry has the highest population, its waste generation rate is very low
when compared with other livestock. Cattle generate
the highest wastes among the livestock.
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Bioenergy estimation potential leads to a range of estimated and fertile ground for debates (Slade et al. 2011).
Sources of controversy and contention around bioenergy potential estimates are various. There is a very
wide range of estimates that confuses policy makers,
delays effective action and increases doubt and uncertainty about using biomass for energy purposes (Lynd
et al. 2011). The link between bioenergy and food security is complex (Faaij 2008). On the one side, biomass
production for bioenergy generation increases supply
of energy and local employment, thereby promoting
rural development. On the other side, biofuel industry
competes with crop production for land. The fear is that
the benefits obtained from increased biomass use for
biofuel would threaten food security in rural areas (Eide
2008, Slade and Bauen 2015, Searchinger et al. 2008).
Besides, there is no standard approach for biomass
and bioenergy potential estimation. It is, therefore, important to standardise the assessment of bioenergy.
The estimation of biogas production in Uganda from
different livestock wastes discussed is given in Table
3. The calorific value of biogas is approximately 20 MJ
(Otim et al. n.d.).
From Table 3, the potential biogas production estimated
for Uganda was 1,258.37 million m3 y-1, which is equal to
25.17 PJ of energy. In terms of biogas production, cattle
contributed about 888.21 million m3 y-1. Goats contributed the second highest biogas yield (191.00 million m3
y-1) followed by pigs (85.82 million m3 y-1), sheep (55.83
million m3 y-1) and poultry (37.51 million m3 y-1).

Table 2
Population of livestock in Uganda from 2009–2013 (UBOS 2014)

Livestock

Number (1000’s)
2009

2010

2011

2012

2013

1

2

3

4

5

6

Cattle

11,751

12,104

12,467

12,840

13,020

Goats

12,823

13,208

13,604

14,012

14,614

Sheep

3,516

3,621

3,730

3,841

3,937

Pigs

3,280

3,378

3,496

3,583

3,673

Poultry

33,819

34,834

35,879

36,956

38,064

Total

65,189

67,145

69,176

71,232

73,308
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Table 3
Estimated biogas potential from livestock wastes in Uganda
Livestock

Biogas production
(million m3 y-1)

Calorific value
(PJ y-1)

1

2

3

Cattle

888.21

17.76

Sheep

55.83

1.12

Goats

191.00

3.82

Pigs

85.82

1.72

Poultry

37.51

0.75

Total

1258.37

25.17

Okello et al. (2013a) estimated the total potential attainable from livestock waste in Uganda to be about 65
PJ y-1. Comparing this potential with the one estimated by Okello et al. (2013a), this estimate is smaller.
This can be attributed to the fact that Okello et al.’s
(2013a) estimation was based on the assumption that
all the manure generated by livestock would be harnessed for biogas production. This, however, cannot
be possible since most livestock in Uganda are free
ranged. The results obtained in terms of proportion by
individual livestock are comparable with the estimation done by Arthur et al. (2011). Their study estimated
the biogas potential in the wastes of some selected
livestock (cattle, sheep, goats, pigs and poultry) in
Ghana, Burkina Faso, Nigeria and Mali. They estimated that a total of about 845 Gg of methane was produced by the livestock during the period, of which cattle
provided about 40%, whereas pigs, goats, sheep and
chickens accounted for 21.2%, 18.7%, 13.1% and 6.6%,
respectively. Massé et al. (2011) revealed that anaerobic digestion produced biogas at average rates of 0.30
and 0.48 L/g volatile solids from swine and poultry
slurries, respectively. Maamri and Amrani (2014) also
estimated that the maximum biogas yields from total
solids (TS) concentration of 23.28 and 35.2 g L-1 of animal wastes yielded 0.93 and 0.231 L (gVS)-1, respectively. This indicates that the biogas generation potential and the biogas generation rate increase with an
increasing total solid concentration. Table 4 shows the
comparison of biogas potential for Uganda, Africa and
worldwide. Currently, the range of the global potential
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of animal wastes is very broad and is quantified at
25,000 PJ (Ladanai and Vinterbäck 2009, Hoogwijk
et al. 2003). Kaltschmitt et al. (2009) and Cooper and
Laing (2007) estimated the potential of animal wastes
in Africa to be at 1,200 PJ and 1,450 PJ, respectively.
Both estimations were based on Food and Agriculture Organization (FAO) data on animals. Cooper and
Laing (2007) assumed 223 million cattle (Stecher et al.
2013). The potential estimate of bioenergy from only
livestock wastes in Uganda accounts for an approximately 2.1% of the total potential in Africa.
The estimated biogas potential, if fully realised, could
produce energy to provide lighting to the equivalent
of almost 285 thousands of average Ugandan homes
that use 6 bulbs with a capacity of 60–100 W for 6 h
day-1. In addition to the provision of light, this potential can also reduce the current rate of fuel wood
consumption. It can be used to prepare 3 meals per
day for average Ugandan homes (i.e., a family of 5–6
members) for a year.
Table 4
Potential biogas generation comparison
Country

Biogas production
(PJ/year)

References

1

2

3

Uganda

25.17

Our Estimates

Africa

1,200–1,450

Kaltschmitt et al. (2009),
Cooper and Laing (2007)

Worldwide

25,000

Ladanai and Vinterbäck
(2009), Hoogwijk et al. (2003)

PJ = 1015 J

Current status of biogas technology in Uganda
Biogas technology was introduced in Uganda in the
early 1950s. Currently, the technology is being promoted by governmental organizations, such as the
Ministry of Energy and Mineral Development and
the National Agricultural Research Organization.
Renewable Energy Business Incubator (REBI), International Project, Adventist Development and Relief
Agency are also promoting biogas technology (Okello
et al. 2013b). The three most common biogas plant
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designs in Uganda include fixed dome, floating drum
and tubular (Ocwieja 2010). The fixed-dome digester
is the most commonly used because of its durability
and cheaper installation cost (Sasse et al. 1991). Cow
dung is the main raw material used in biogas production in Uganda. The Government of Uganda has set a
target to install about 100,000 family-sized digesters
by the end of the year 2017 (Veit et al. 2011). So far,
about half of the 500 installed biogas digesters are
in operation (UBOS 2010). High capacity biogas plants
installed include the 65 m3 productive biogas digester owned by Entomocide Enterprises (Okello et al.
2013a) and a 20 m3 biogas plant owned by Millennium
Biogas Company Limited. The rate of adoption of biogas technology in Uganda is slow like in many developing countries due to the lack of technical capacity
for installation and maintenance and high initial costs
of installation (Okello et al. 2013b, Komakech 2014).

Conclusions and recommendations
This study analysed the available feedstock sources and biogas technology and showed a large and
unexplored potential for the use of livestock waste for
biogas production in Uganda. Some of the available
feedstock for biogas production in Uganda include
agricultural residues such as rice husks, corncobs,
stover, bagasse and cane trash, MSW such as food
and kitchen wastes, papers, and plastics, and wood
wastes such as sawdust and livestock wastes such
as dung. Uganda has the potential to produce about
1,258.37 million m3 of biogas annually, which is equivalent to 25.17 PJ of energy from livestock wastes.
The theoretical biogas potential in Uganda is expected
to increase if these animals are produced under an intensive system. The annual primary energy consumption in Uganda is estimated as 62.56 PJ (U.S. Energy
Information Administration, 2012). If all of the livestock wastes are treated anaerobically, the potential
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for energy generation would be able to meet approximately 40% of the country’s primary energy consumption needs. Treatment of livestock wastes through anaerobic digestion also generates bio-fertiliser,
a by-product, which is of superior quality (Ileleji et al.
2008). It is fair to say identifying the potential is very
important, but that is just the first step. How to transform the potential biogas production into practice is
the most important thing. The practical production of
biogas from livestock wastes in Uganda is affected by
many factors. Biogas is not treated as a primary energy source. There are also political challenges; there is
no specific programme to support biogas production
development. Therefore, the massive potential can
only become a reality if the government and other private organisations provide incentives.
It can be concluded that the promotion of biogas production is not only relevant to energy issues, but also
in other policy areas, such as agricultural, environmental and waste management policies. It is therefore recommended that the production of livestock in
Uganda should be intensive to increase the amount
of manure that can be collected. Besides, comparing
the potential of biogas generation with a country like
Brazil, there is a need to have good policies that provide a good platform for private sector investment in
this technology in order to meet the estimated production. The Government of Uganda should make
biogas generation from livestock wastes and other
available feedstocks a priority since this can supplement the Rural Electrification Programme. Livestock
farms should also implement manure management
systems, which treat manure with a high solids concentration. This would promote optimum biogas recovery.

Acknowledgement
The scientific responsibility is accredited to the authors.

References
Afazeli, H., A. Jafari, S. Rafiee and Nosrati, M. (2014). An investigation of biogas production potential from livestock and slaugh-

terhouse wastes. Renewable and Sustainable Energy Reviews,
34: 380–386. https://doi.org/10.1016/j.rser.2014.03.016

Environmental Research, Engineering and Management

Akguin, O, J. Luukkanen and Majanne, Y. (2011). Theoretical
bioenergy residue potential in Cambodia and Laos and utilization possibilities. Climate Policy after Fukushima. 16th Meeting
of the REFORM Group Schloss Leopoldskron, Salsburg, Austria,
August 29 September 2, 2011.
Alexopoulos, S. (2012). Biogas systems: Basics, biogas multifunction, principle of fermentation and hybrid application with a
solar tower for the treatment of waste animal manure. Journal
of Engineering Science and Technology Review, 5(4): 48–55.
Amon, T., B. Amon, V. Kryvoruchko, W. Zollitsch, K. Mayer and
Gruber, L. (2007). Biogas production from maize and daily cattle-Influence of biomass composition on the methane yield.
Agriculture, Ecosystems and Environment, 118(1-4): 173-182.
https://doi.org/10.1016/j.agee.2006.05.007
Appels, L., J. Lauwers, J. Degrève, L. Helsen, B. Lievens, K.
Willems, et al. (2011). Anaerobic digestion in global bio-energy production: Potential and research challenges. Renewable
and Sustainable Energy Reviews, 15(9): 4295–4301. https://doi.
org/10.1016/j.rser.2011.07.121
Arthur, R. and Baidoo, M.F. (2011). Harnessing methane generated from livestock manure in Ghana, Nigeria, Mali and Burkina
Faso. Biomass and Bioenergy, 35(11): 4648–4656. https://doi.
org/10.1016/j.biombioe.2011.09.009
Arthur, R., M.F. Baidoo and Antwi, E. (2011). Biogas as a potential renewable energy source: A Ghanaian case study. Renewable Energy, 36(5): 1510–1516. https://doi.org/10.1016/j.
renene.2010.11.012
Avcioglu, A.O. and Turker, U. (2012). Status and potential of
biogas energy from animal wastes in Turkey. Renewable and
Sustainable Energy Reviews, 16(3): 1557–1561. https://doi.
org/10.1016/j.rser.2011.11.006
Bayr, S., O. Pakarinen, A. Korppoo, S. Luiksia, A. Väisänen, P.
Kaparaju and Rintala, J. (2012). Effect of additives on process
stability of mesophilic anaerobic monodigestion of pig slaughterhouse waste. Bioresour. Technol. 2012; 120:106-113. https://
doi.org/10.1016/j.biortech.2012.06.009
Carpita, N.C. and McCann, M.C. (2008). Maize and sorghum: genetic resources for bioenergy grasses. Trends in Plant Science,
13(8): 415–420. https://doi.org/10.1016/j.tplants.2008.06.002

2017/73/3

technologies/bioenergy/fact-sheets/Bioenergy-Fact-Sheet1-The-Benefits-of-Converting-Waste-to-Energy.pdf+&cd=2&hl=en&ct=clnk (accessed 8 February 2016).
Cooper, C.J. and Laing C.A. (2007). A macro analysis of crop residue and animal wastes as a potential energy source in Africa.
Journal of Energy in South Africa, 18(1): 10-19.
Cvetković, S., D. Kalucrossed, T. Signerović Radoičić, B. Vukadinović and Kijevčanin, M. (2014). Potentials and status of
biogas as energy source in the Republic of Serbia. Renewable
and Sustainable Energy Reviews, 31: 407–416. https://doi.
org/10.1016/j.rser.2013.12.005
Demirel, B., T.T. Onay and Yenigün, O. (2010). Application of biogas technology in Turkey. World Academy of Science, Engineering and Technology, 43(7): 818–822.
Duku, M.H., S. Gu and Hagan, E.Y. (2011). A comprehensive
review of biomass resources and biofuels potential in Ghana.
Renewable and Sustainable Energy Reviews, 15(1): 404–415.
https://doi.org/10.1016/j.rser.2010.09.033
Eide, A. (2008). The Right to Food and the Impact of Liquid Biofuels (Agrofuels). FAO. Available at: http://www.globalbioenergy.
org/uploads/media/0806_FAO_-_The_right_to_food_and_the_
impact_of_liquid_biofuels_01.pdf (accessed 13 March 2016).
Eliçin, K., M. Gezici, M. Tutkun, H. D. Şireli, F. Öztürk, M. Koser
Eliçin, et al. (2014). Potential of biogas from animal wastes of
Turkey and determination of suitable reactor size. Agriculture &
Forestry, 60(4):189–197.
Faaij, A. (2008). Bioenergy and global food security. In: A paper
prepared for the German Advisory Council on Global Change.
WBGU; Berlin. 2008; p. 1-38.
Felippe Cury Marinho Mathias, J. (2014). Manure as a resource:
Livestock waste management from anaerobic digestion, opportunities and challenges for Brazil. International Food and
Agribusiness Management Review Cury Marinho Mathias Volume17 Issue, 17(4): 87–110.
GBEP. (2007). A review of the current state of bioenergy development in G8 +5 countries. Available at: http://www.fao.org/
newsroom/common/ecg/1000702/en/GBEPReport.pdf (accessed 15 January 2016)

Chynoweth, D.P., J.M. Owens and Legrand, R. (2000). Renewable methane from anaerobic digestion of biomass. Renewable Energy, 22(1-3): 1–8. https://doi.org/10.1016/S09601481(00)00019-7

Hoogwijk, M., A. Faaij, R. van den Broek, G. Berndes, D. Gielen, and Turkenburg, W. (2003). Exploration of the ranges
of the global potential of biomass for energy. Biomass and
Bioenergy, 25(2): 119–133. https://doi.org/10.1016/S09619534(02)00191-5

CIA. The World Factbook. Available at: https://www.cia.gov/
library/publications/resources/the-world-factbook/rankorder/2233rank.html (accessed 8 February 2016).

Hussein, F.F.H., T. Abass, S. Mahata, S.S. Mahato, M.M. Nandi, B.
Mondal, et al. (2012). Heavy metal pollution and human biotoxic
effects. Water Science and Technology, 2(1): 1–10.

Clean Energy Council, 2011. Bioenergy fact sheet, Available at: https://www.cleanenergycouncil.org.au/dam/cec/

Ileleji, K., C. Martin and Jones, D. (2008). Basics of energy production through anaerobic digestion of livestock manure. Pur-

51

52

Environmental Research, Engineering and Management

2017/73/3

due Extension, p.1. Available at: https://www.extension.purdue.edu/extmedia/ID/ID-406-W.pdf (accessed 16 March 2016)

Sustainability (Switzerland), 5(5): 1875–1892. https://doi.
org/10.3390/su5051875

Kaltschmitt, M., Hartmann, H., and Hofbauer, H. (2009). Energie aus
Biomasse: Grundlagen, Techniken und Verfahren, Springer, Berlin.
2009;pp. 1030. https://doi.org/10.1007/978-3-540-85095-3

Nabukeera, M. A. and Boerhannoeddin, R.N.B.R.A. (2014). Division solid waste generation and composition in Kampala Capital City Authority, Uganda: Trends and Management. IOSR Journal of Environmental Science, Toxicology and Food Technology
(IOSR-JESTFT), 8(10): 57–62.

Kasisira, L.L. and Muyiiya, N.D. (2009). Assessment of the effect of mixing pig and cow dung on biogas yield. CIGR Ejournal,
XI(2003): 1–7.
Komakech A.J., N.E. Banadda, J.R. Kinobe, L. Kasisira, C. Sundberg and Gebresenbet, G. (2014). Characterization of municipal
waste in Kampala, Uganda. Journal of the Air & Waste Management Association, 64(3): 340–348. https://doi.org/10.1080/109
62247.2013.861373
Komakech, A.J. 2(014). Urban waste management and the
environmental impact of organic waste treatment systems in
Kampala, Uganda. Ph.D. diss. Dept. of Energy and Technology,
Uppsala University, Sweden and Dept. of Agricultural and Biosystems Engineering, Makerere University, Uganda.

Ngumah, C, J.N. Ogbulie, J.C. Orji and Amadi, E.S. (2013). Biogas potential of organic waste in Nigeria. Journal of Urban
and Environmental Engineering, 7(1): 110–116. https://doi.
org/10.4090/juee.2013.v7n1.110116
Nguyen, H.N., M. Ha-duong and Steene Van De, L. (2015). A critical
look at rice husk gasification in Cambodia : Technology and sustainability. Vietnam Academy of Science and Technology Journal
of Science and Technology, 2015: 247-252. <hal-01166547>
Ocwieja, S.M. (2010). Life cycle thinking assessment applied to
three biogas projects in Central Uganda. M.S. thesis. Ames: Michigan Technological Uni. Dept. of Environmental Engineering.

Ladanai, S. and Vinterbäck, J. (2009). Global potential of sustainable biomass. Report 013 ISSN 1654-9406, Dept. of Energy
and Technology, Uppsala, 2009. Available at: http://pub.epsilon.
slu.se/4523/1/ladanai_et_al_100211.pdf.

Okello, C., S. Pindozzi, S. Faugno and Boccia, L. (2013a). Bioenergy potential of agricultural and forest residues in Uganda. Biomass and Bioenergy, 56: 515–525. https://doi.org/10.1016/j.
biombioe.2013.06.003

Lynd L.R., R.A. Aziz, C.H.D.B. Cruz, A.F.A. Chimphango, L.A.B.
Cortez, A. Faaij, N. Greene, M. Keller et al. (2011). A global conversation about energy from biomass: The continental conventions of the global sustainable bioenergy project. Interface
Focus, 1(2): 271-279. https://doi.org/10.1098/rsfs.2010.0047

Okello, C., S. Pindozzi, S. Faugno and Boccia, L. (2013b). Development of bioenergy technologies in Uganda: A review of progress. Renewable and Sustainable Energy Reviews, 18: 55–63.
https://doi.org/10.1016/j.rser.2012.10.004

Maamri, S. and Amrani, M. (2014). Biogas production from
waste activated sludge using cattle dung inoculums: Effect of
total solid contents and kinetics study. Energy Procedia, 50:
352–359. https://doi.org/10.1016/j.egypro.2014.06.042
Massé, D.I., G. Talbot and Gilbert, Y. (2011). On farm biogas
production: A method to reduce GHG emissions and develop
more sustainable livestock operations. Animal Feed Science
and Technology, 166-167: 436–445. https://doi.org/10.1016/j.
anifeedsci.2011.04.075
Mendoza, T. and Samson, R. (2006). Relative Bioenergy Potentials of Major Agricultural Crop Residues in the Philippines.
Philippine Journal of Crop Science, pp.11–28.

Otim, G., D. Okaka and J. Kayima, J. (NA). Design of biogas plant
for rural household in Uganda. A case study: Apac district. Second International Conference on Advances in Engineering and
Technology, pp 544-550.
Sasse, L., C. Kellner and Kimaro, A. (1991). Improved biogas unit
for developing countries: The CAMARTEC biogas unit ; a publication of Deutsches Zentrum für Entwicklungstechnologien - GATE
in: Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ)
GmbH, Available at: http://www.borda-net.org/fileadmin/borda-net/Knowledge/Biogas/sasse-borda_carmatec_1991_improved_biogas_plants.pdf\nsasse-borda_carmatec_1991_improved_biogas_plants.pdf (accessed 16 March 2016)

Mijinyawa, Y. and Dlamini, B.J. (2006). Livestock and poultry
wastes management in Swaziland. Livestock Research for Rural Development, 18(6), p.88. Available at: http://www.lrrd.org/
lrrd18/6/miji18088.htm (accessed 24 March 2016).

Searchinger, T., R. Heimlich, R.A. Houghton, F. Dong, A. Elobeid,
J. Fabiosa, S. Tokgoz, D. Hayes and Yu, T.H. (2008). Use of U.S.
croplands for biofuels increases greenhouse gases through
emissions from land-use change. Science, 319: 1238-1240.
https://doi.org/10.1126/science.1151861

Mohammed, Y.S., A.S. Mokhtar, N. Bashir and Saidur, R. (2013).
An overview of agricultural biomass for decentralized rural energy in Ghana. Renewable and Sustainable Energy Reviews, 20:
15-25. https://doi.org/10.1016/j.rser.2012.11.047

Shehu, B., U. Ibn and Ismail, N. (2012). Anaerobic digestion of
cow dung for biogas production. ARPN Journal of Engineering
and Applied Sciences, 7(2): 169–172.

Mustonen, S., R. Raiko and Luukkanen, J. (2013). Bioenergy
consumption and biogas potential in Cambodian households.

Simonyan, K. J. and Fasina, O. (2013). Biomass resources and
bioenergy potentials in Nigeria. African Journal of Agricultural
Research, 8(40): 4975–4989.

Environmental Research, Engineering and Management

Slade, R. and Bauen, A. (2015). Bioenergy resources. In Global Energy: Issues, potentials and policy implications, eds.
P. Ekins, M. Bradshaw and J. Watson, ch. 17, 331-353. Oxford University Press. https://doi.org/10.1093/acprof:oso/9780198719526.003.0018
Slade, R., R. Saunders, R. Gross and Bauen, A. (2011). Energy
from biomass: the size of the global resource. Imperial College
Centre for Energy Policy and Technology and UK Energy Research Centre, London.
Stecher, K., Brosowski, A. and Thrän, D. (2013). Biomass potential in Africa. p.44. Available at: www.dbfz.de.
Swisher, J., and Wilson, D. (1993). Renewable energy potentials. Energy, 18(5): 437–459. https://doi.org/10.1016/03605442(93)90022-6
UBOS, Uganda. 2011 Statistical Abstract. (2011). Available at:
http://www.ubos.org/onlinefiles/uploads/ubos/pdf documents/
abstracts/Statistical Abstract 2013.pdf (accessed 26 July 2017).
UBOS, Uganda. Statistical Abstract. (2010). Available at: http://
www.ubos.org/onlinefiles/uploads/ubos/pdf%20documents/
abstracts/Statistical%20Abstract%202010.pdf (accessed 29
February 2016).
UBOS, Uganda. National Population and housing Census 2014.
Provisional results. 2014. Available at: http://www.ubos.org/
onlinefiles/uploads/ubos/NPHC/NPHC 2014 PROVISIONAL
RESULTS REPORT.pdf (accessed 26 July 2017).

53

2017/73/3

UBOS, Uganda. Statistical Abstract. (2014). Available at: http://
www.ubos.org/onlinefiles/uploads/ubos/statistical_abstracts/
Statistical_Abstract_2014.pdf (accessed 29 February 2016).
Veit, P.G., C. Excell and Zomer, A. (2011). Avoiding the resource
curse: spotlight on oil in Uganda. WRI Working Paper. World
Resource Institute, Washington DC. Available at: https://www.
wri.org/sites/default/files/avoiding_the_resource_curse.pdf
(accessed 26 March 2016).
U.S. Energy Information Administration. (2012). Available at:
http://www.eia.gov/countries/country-data.cfm?fips=UG#tpefckLR (accessed 26 July 2017
Williams, R. H. (1995). Variants of a low CO2-emitting energy
supply system (LESS) for the world-prepared for the IPCC Second Assessment Report Working Group IIa, Energy Supply Mitigation Options, Richland: Pacific Northwest Laboratories.
Wilson, P., 2013. The Generation of biogas on-farm using animal and dairy waste. International Specialised Skills Institute,
(April), pp.1–45.
Yamamoto, H., J. Fujino and Yamaji, K. (2001). Evaluation of
bioenergy potential with a multi-regional global-land-use-andenergy model. Biomass and Bioenergy, 21: 185–203. https://
doi.org/10.1016/S0961-9534(01)00025-3
Yang, P.Ã. and Jenkins, B.M. (2008). Wood residues from
sawmills in California. Biomass and Bioenergy, 32: 101–108.
https://doi.org/10.1016/j.biombioe.2007.09.001
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Žemės ūkio ir biologinių sistemų inžinerijos katedra, Makerere universitetas, Kampala, Uganda
Gyvulinės kilmės atliekos yra unikali energijos šaltinio rūšis, kuri gali būti naudojama papildyti dabartinius
energijos poreikius ir taip pat pagerinti atliekų tvarkymo problemas, egzistuojančias daugelio pasaulio
šalių. Šiame moksliniame straipsnyje įvertinamas Ugandos, gyvulinės kilmės atliekų vertimas į produkciją, potencialas, kuris papildytų energijos poreikius. Bioenergetikos potencialo kiekis buvo apskaičiuotas
iš kelių gyvulinės kilmės atliekų: galvijų, avių, ožkų, kiaulių ir paukščių, remiantis aprašomųjų statistikos
duomenimis. Taip pat buvo nustatyti kiti žaliavų šaltiniai biodujų gamybai. Apskaičiuota, kad Uganda kasmet gali išauginti 25,17 PJ biodujų iš galvijų, ožkų, kiaulių, avių ir naminių paukščių atliekų anaerobinėmis sąlygomis. Tai ypač svarbu, nes šis potencialas sudaro apie 40% visų pirminės energijos sąnaudų
(62,56 PJ) Ugandoje. Apskaičiuota galima potenciali biodujų gamyba Ugandoje 17.76, 1.12, 3.82, 1.72 ir
0.75 PJ y-1 energijos atitinkamai galvijams, avims, ožkoms, kiaulėms ir naminių paukščių atliekoms. Ugandos vyriausybė nustatė tikslą iki 2017 m. įrengti apie 100 tūkst. biodujų jėgainių, veikia tik 50% maždaug
500 sumontuotų biodujų jėgainių. Buvo rekomenduota, kad Ugandos vyriausybė turėtų teikti pirmenybę
biodujų gamybai, nes ji galėtų papildyti kaimo vietovių elektrifikavimo programą.
Raktiniai žodžiai: atliekos, energija, gyvuliai, biodujų gamyba, atliekų tvarkymas, Uganda.

