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1 EXECUTIVE SUMMARY  
Currently, only 5% of the population in Uganda has access to electricity; in rural areas the 
number is as low as 1%. Total installed capacity in Uganda is around 400 MW – mainly from 
hydropower installations – but production is significantly lower because of the low water 
levels in Lake Victoria. Daily electricity shortages are estimated to be in the range of 100-130 
MW. With further increasing demand Uganda is in dire need of additional renewable energy 
systems. Thermal power generation from fossil fuels - as currently widely installed - is no 
sustainable solution considering the high production costs and its contribution to air pollu-
tion and climate change.  

Against this background the study aims to identify feasible models for rural electricity pro-
duction from woody biomass. 

The report provides detailed information on: 

• Feedstock production systems based on sustainable produced woody biomass 

• Suitable conversion technology for the Ugandan context 

• Business models 

Feed stock production 

Energy plantations are managed on a short rotation (1-5 years) and established with high 
density (3-15,000 plants per ha). Suitable species have to grow fast and coppice well; for 
Uganda the most promising species are: 

• Eucalyptus grandis: 
− Annual increment of 40+m³ per ha 
− Recommended management systems: Plantation established with 3-5,000 stems/ha 

on fertile and high rainfall sites, managed on a 1-2 year rotation period, with 2-4 rota-
tions from coppices before new seedlings have to be planted 

• Markhamia lutea: 
− Annual increments of about 20m³ per ha 
− 1-3 year rotation period 
− Recommended within it natural distribution range in Uganda 

Other tree species like Cassia spec. might have potential but to date no reliable growth data 
is available. Considering the lack of experience, commercial energy forest trials have to be 
established to determine the most appropriate management systems. 

Conversion Technology 

Generally, two types of conversion technologies for small to medium scale bioenergy sys-
tems (30 kW to 1 MW electric capacity) can be distinguished:  

Wood gasification: 
• Thermal conversion of organic material into producer gas under restricted air supply 

(main contents: carbon monoxide and hydrogen and ash). After cleaning the gas it is fed 
into a combustion engine 

• Most commonly used are fixed bed down-draft gasifiers 



Final Report Rural Electricity from Energy Forests Page 4 
 

• Advantage: Efficiency 18-25%, low NOx emissions 
• Disadvantage: Experience and engineering know-how lacking in Uganda 

Combustion technology 
• Wood is burned and the heat used to run steam engines or turbines 
• Advantage: Proven and simple technology, lower investment costs 
• Disadvantage: Lower efficiency with 10-15% 

Business models 

Generally, three types of energy production systems can be distinguished: 
• Production of heat only (e.g. for a cement factory) 
• Production of electricity only (e.g. to replace diesel generators) 
• Cogeneration of heat and electricity (e.g. for agricultural processors) 

Stand-alone units are the most suitable set-up for small to medium scale installations because 
of significant technical difficulties in exporting power into the grid.  

Most important for the implementation of a bioenergy system is to determine the type of 
energy (heat and/or electricity) and the respective quantity required (base load and peak 
load) to choose the most appropriate technology and to calculate the necessary feedstock.  

For this study two different business models were investigated: 

1. Electricity production with a capacity of 250 kW. The technology applied is a down-
draught fixed-bed gasifier combined with an adequate combustion engine.  

2. Combustion based cogeneration with a capacity of 1 MW of electricity employing a fire-
tube steam boiler and an adequate steam piston engine. 

Example calculations for the two scenarios: 
PARAMETER 250 KW  GASIFIER 1 MW  COGENERATION WITH 

STEAM ENGINE 
Annual biomass need in t air dry ~ 1,400 ~ 7,700 

Annual harvesting area (Eucalypt) in ha ~ 100 ~ 550 ha 

Investment costs in  € ~ 330,000 ~ 1 Mio 
Production costs per kWh in € 0.08 0.065 

The calculated production costs for electricity are in the range of current costs from the grid 
for small industrial users; when compared with diesel generators, which have production 
costs of € 0.21 per kWh - they are substantially more costs effective.  

Conclusions 

In Uganda there is significant potential for bio-energy production from energy forests. The 
production costs expected are in the range of current energy prices and much lower than for 
thermal power generation. The replacement of Diesel generators consequently leads to more 
cost-efficient energy production and provides significant environmental benefits, e.g. carbon 
credits. 

In addition, there is substantial financing support available for the private sector to plan and 
install bioenergy systems through the Private Sector Foundation (BUDS-ERT programme) 
and the Rural Electrification Fund and Agency (World Bank support). 
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The main barrier for the wide implementation of bioenergy systems in Uganda is the lack of 
experience and know-how and the associated investment risks. The SPGS can reduce this 
barrier by establishing a platform for providing and sharing the necessary know-how and 
expertise. In this respect, demonstration projects and energy forest trials are important to 
gain hands-on experience and to determine real implementation and management costs to 
demonstrate the benefits of respective systems. 
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2 BACKGROUND 
Access to electricity is crucial for the attainment of the Millennium Development Goals of 
poverty reduction and environmental sustainability. In Uganda the generation of electricity 
is a major obstacle to sustainable rural development therefore the Government of Uganda is 
using the access to electricity as a measure to determine the impact of the poverty reduction 
programme. 

About 84 % of Ugandan households are in rural areas out of which less than 1 % have access 
to modern energy services (MWLE, 2001), even in urban areas only 20% have access to elec-
tricity resulting in a total of only 5 % of the population with electrical power.  

The Ugandan government’s goal, as part of the Rural Electrification Strategy and Plan (UIA, 
2002), is to increase the overall access to electricity to 13 % - in rural areas to 10 % - by 2010. 
However, considering an annual demand growth of 6 % it remains doubtful if this goal can 
be achieved. 

The establishment of quick-fix fossil-fuel based systems like the recently established diesel 
generators at the Lugogo industrial area with a capacity of 100 MW, cause significant envi-
ronmental pollution, contribute to climate change and negatively influence the trade balance 
due to the massive fuel costs. Instead, the development of woody biomass driven renewable 
energy systems can provide local income generation opportunities, reduce energy imports, 
and decrease negative impacts associated with fossil fuel based systems.  

The respective potential and the available technology will be presented in this report to iden-
tify implementation barriers that can be reduced by the SPGS programme and to provide 
potential private forestry investors with crucial background information to assess respective 
investments.  
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3 OBJECTIVES 
The purpose of the study is to identify feasible models for rural electricity production from 
woody biomass. Within the study appropriate conversion technology (wood-gasification, 
steam and stirling engines and co-generation systems) and energy forest production systems 
are presented. 

Furthermore, this study provides advise on how to support the private sector in implement-
ing respective demonstration projects. The report will provide detailed information on: 

• The most suitable conversion technology for the Uganda context 

• Tree species with the highest potential for bioenergy production and the respective pro-
duction system 

• Business models with potential for the inclusion in the SPGS 

• A support strategy that can be considered for implementation by the SPGS 

For the identification of the most appropriate conversion technology in Uganda existing sys-
tems and their respective efficiency, investment costs and robustness have been assessed 
based on information provided by respective companies during the European Bioenergy 
Exhibition in Paris in September 2005. 

Available tree and site specific yield data was analysed for Eucalyptus spec. and Markamia 
lutea. For the latter, primary growth data was collected because no information was available 
in Uganda. Additionally, data on tariffs and power production regulations are provided. 
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4 MARKET POTENTIAL FOR ELECTRICTY PRODUCTION 

4.1 Electricity supply and demand 
In total, Uganda has currently an nominal electrical production capacity of about 400 MW – 
plus an estimated 80 MW through small or medium sized diesel generators (see Table 1), 
which are privately installed - mainly as back-ups for grid failures. This is not sufficient to 
fulfil the current demand, especially when taking into account that the big hydropower in-
stallations are running well below capacity.  

Currently the peak demand in Uganda stands at 280 MW and is increasing by 6 % per year, 
additionally Uganda has long term export obligations to Kenya (30 MW), Tanzania (9 MW) 
and Rwanda (5 MW). In the current situation it is estimated that the actual electricity pro-
duced is about 100-130 MW lower than needed (Atuhaire, 2005) resulting in daily load shed-
ding all over the country. Considering the rural electrification goals of the government and 
the annual demand growth the power demand is expected to double or even triple in the 
next 10 years. 

Uganda’s electricity supply is mainly based on hydropower dams with a nominal capacity of 
300 MWat the source of the Nile but with significantly lower outputs because of low water 
levels.. Additional hydropower connected to the grid is generated by private investors with a 
capacity of approximately 17 MW (Eberhardt et al., 2005). Increasingly diesel generators are 
utilised all over the country, i.e. the Aggreko Power Company runs diesel generators with a 
capacity of 100 MW.  

Tab. 1: Renewable and non-renewable electivity production in Uganda (potential capacity).  

PRODUCER PRODUCTION CAPACITY IN MW 
 Renewable energy Non-renewable 

energy 
 Hydropower Biomass (diesel generator) 
UEGCL , source of the Nile, Nalubale falls 180   
UEGCL , source of the Nile, Kiira falls 
(undergoing further expansion to 200 MW) 

120   

WNRECO, Arua and Nebbi district 5   
Maziba 2   
Kilembe Mines 5   
Kasese Cobalt 10   
Kakira Sugar works, Madhvani 
(power purchase agreement exists, opera-
tional in mid 2006) 

 6  

Aggreko Power Company at Lugogo show 
ground in Kampala (128 diesel generators)  

  100 

Estimated private electricity generation 
capacity including stand-by generation  

  80 

Subtotal 322 6 180 
Total 508   
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The power sector in Uganda was liberalized between 1999 and 2001 establishing the frame-
work conditions for private sector participation based on the Electivity Act from 1999. Figure 
1 shows the present structure of the electricity sector.  

 

Fig. 1: Structure of the electricity sector in Uganda. 

Uganda has now one of the most liberalized energy markets in Africa and therefore superior 
investment opportunities for the private sector (Eberhardt et al., 2005). 

The Uganda Electricity Generation Company (UEGCL) owns the Nile hydropower installa-
tions and established a long-term lease with Eskom. The Uganda Electricity Transmission 
Company (UETCL) is the single buyer of bulk electricity and it manages imports and ex-
ports. UMEME is in charge of the electricity distribution. In addition, there is currently one 
isolated grid developer in Arua and Nebbi district with a power production and distribution 
concession. Further concessions will be awarded in 2006, but most of the bidders do not con-
sider to produce power. However, they could be suitable business partners for investors in 
energy forests. 
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4.2 Alternative renewable energy sources 
In this section background information is pro-
vided to compare different renewable power 
technologies to highlight the market options for 
electricity from energy forests. 

The cost competitiveness is a key parameter to 
compare the different technologies (see Fig. 2). 
Out of the available technologies so-
lar/photovoltaics is currently the most expensive. 
The per kWhe costs of the other renewables are in 
a similar range, whereby the costs for small-scale 
hydro are particularly sensitive to differing site 
conditions.  

In addition to cost competitiveness the contribu-
tion to rural income creation is a very important 
parameter. In this respect biomass production 
offers significantly greater benefits than the 
other technologies. The general potential of se-
lected renewable power technologies in Uganda is presented in the following:  

Fig. 2: Cost competitiveness of selected re-
newable-power technologies, unit cost ranges, 
cents/kWh (Source: Economist). 

Hydropower 

Uganda's hydrological potential can provide an estimated 2,500 MW, concentrated along the 
Nile River. Small-scale hydro (0.5 - 5.0 MW) is feasible in several parts of the country where 
rivers with enough water power exist. 

Small-scale hydro appears to be a more suitable option since large scale projects entail long 
planning periods and substantial investment risks. Additionally, environmental and social 
considerations speak in favour of small to medium scale hydro projects.  

Solar  

The radiation potential in Uganda is good with an average insulation of about 4 - 5 
kWh/m²/day. The number of solar photovoltaic (PV) installations is increasing, mainly to 
provide low power demanding electricity services like lighting, water pumping and tele-
communication. Solar thermal applications are still rare, but development partners are sup-
porting the dissemination of respective crop drying, water heating and cooking facilities.  

Geothermal energy 

Geothermal resources have been identified in the Rift Valley in Western Uganda. However, 
considering the necessary technical expertise and the investment capital it is unlikely that 
this technology will be available for power production within the next 10 years. 
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Wind energy 

According to the African Wind Energy Association, the Northeast region of Uganda has a 
good potential for windmills with fairly strong winds but the average wind speed in Uganda 
is low with about 3.0 m/s. In more flat areas (e.g. Karamoja region of Northwestern 
Uganda), around the great lakes and hilltops in many parts of the country, the speeds may 
go as high as 6.0 m/s. This speed is adequate to run a wind turbine.  

The main utilisation of wind energy so far has been for mechanical water pumps, especially 
in Karamoja. Several small wind turbines have been installed. However, the commercial po-
tential for wind energy in Uganda is limited because of the remoteness of the few suitable 
sites. 

Bioenergy  

Biomass is the most promising source of renewable energy in areas where hydro-power is 
not feasible. According to a study from Hoogwijk (2004) especially Sub-Saharan Africa has 
significant potential for bioenergy production (see Fig. 3 below).   

 

Fig. 3: Bioenery production potential in EJ/y (Hoogwijk, 2004).  

Considering a conservative scenario, where all land suitable for food production is excluded, 
45 EJ biomass can be produced in Sub-Saharan Africa – equivalent to 7,740 million barrels of 
oil. 

The introduction of modern biomass power generation systems in Uganda initially suffered 
from the lack of a respective policy framework supporting private power producers. Kakira 
Sugar Works applied already in 1998 for a power production licence from the Ministry of 
Energy & Mineral Resources but only after the decentralisation and privatization of the 
power market in Uganda the company was able to sign a contract with UETCL and UEDCL 
allowing to feed 6 MW into the grid. The co-generation plant is planned to go online in 2006 
(Nakhooda, 2005).  

Agricultural processors which obtain large amounts of residues in their production – like 
bagasse or husks - are best positioned to benefit from the installation of combined heat and 
power generation plants. The residues provide a substantial feedstock supply at basically no 
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costs – if the company incurs costs for disposal of residues the scenario is even more favour-
able. Most agricultural processors have a need for both electricity and heat. Excess electricity 
can be sold. However, due to the lack of technical expertise to design, implement and main-
tain respective plants in Uganda it may take another 1-2 years before 3-5 plants with an esti-
mated capacity of 1-3 MWe/plant are established.  

The utilisation of woody biomass from energy forests is more costly than using residues but 
– considering the demand growth for electricity in Uganda and the limited number of agri-
cultural estates with sufficient quantities of residues – energy forests can provide an attrac-
tive alternative for the production of electricity. First experiences from India and Brazil are 
strong indicators for the potential of bioenergy from woody biomass. 

5 FEEDSTOCK PRODUCTION SYSTEMS 
The biomass feedstock for energy production can be provided from various sources with 
different characteristics as presented briefly in Table 2 below.  

Tab. 2: General characteristics of different biomass feedstocks for electricity production. 

CHARACTERIS-
TICS 

ENERGY 
 FORESTS  (e.g. 

with Eucalyptus, 
Markhamia) 

THIN-
NINGS 

(e.g. Pine) 

AGRICULTURAL  
RESIDUES 

(e.g. coffee, sun flower and  
cotton husks or bagasse) 

AGRICULTURAL 
CROPS 

(e.g. sweet sorghum) 

Energy density medium - high high low medium 

Feedstock avail-
ability 

un-limited limited limited un-limited 

Transportation 
costs 

medium high low (available on-site) medium 

Pre-treatment chipping chipping - - 

Employment high low low high 

Investment costs medium - - high 

Costs per kWhe medium high low medium 

If agricultural residues are available this is generally the most cost efficient source of biomass 
and accordingly will be the first to be utilised in Uganda. From the available agricultural 
residues bagasse is the most cost effective.   

Energy forests are usually less input intensive when compared with agricultural cropping 
systems but may directly compete with food production in densely populated areas. Thin-
ning wood is an attractive resource if sufficient quantities close to the power plant are avail-
able on a sustainable basis. In this study only woody biomass from energy forests and from 
thinnings will be investigated in more detail. 

5.1 Woody biomass production 

5.2 Energy forests 

Energy forests are managed on a short rotation of 1-5 year cutting cycles and established 
with a dense spacing of 3,000-15,000 stems/ha. Respective plants are treated as agricultural 
crops in a legal context. 
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In Europe basic research on suitable energy tree species (willow and poplar) and respective 
management practices was conducted in the 1980s and 1990s and gained importance with 
the issuance of an EU directive in 2001 to increase the proportion of electricity from renew-
able energy to 22 % by 2010.  

In Uganda there is substantial knowledge about traditional woody biomass use (charcoal 
production, wood stoves) but little information on systems for producing and converting 
biomass into electricity. Accordingly, most of the information presented is from Europe and 
has to be adopted to the biophysical and economic conditions in Uganda. Tree species suit-
able for energy forests have to be fast growing with a good coppicing capability e.g. Eucalyp-
tus, Markhamia lutea  and Cassia species.   

Planting regimes (see pictures below), with 4,400 cuttings per ha are recommended. Cuttings 
are planted in twin rows in mechanised systems to allow standard agricultural machinery 
fitted with wide tyres to work across the crop. 

 

 

 

Site preparation including herbicide treatment cannot be overemphasised. After coppicing 
weeding is usually not necessary anymore because tree stocks are quite vigourous and out-
compete upcoming weeds. Harvesting and wood chipping is usually mechanised but can 
also be conducted manually (Volk, 2006). 

Real costs for the establishment of energy forests in Uganda are currently not available. 
However, for the development of business models (see chapter 6.), implementation and 
management costs were considered based on experiences from Europe and North America 
(see Table 3). 

Tab. 3: Estimated energy forest implementation and management costs based on a plantation life-
time of 20 years.  

COSTS COSTS PER HA ANNUAL COSTS 

 € in % € per ha 
Establishment 380 9% 12.5 

Harvesting/transport 3,200 79% 103 

Maintenance 100 2% 3.3 

Land rent 130 3% 4 

Management 260 6% 8 
Total 4,070 100% 131 
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5.3 Performance of energy forest tree species in Uganda 

5.3.1 Markhamia lutea  

Markhamia lutea is an indigenous tree which occurs in most areas of Uganda. Especially in the 
western parts of Uganda, alongside the Western Rift Valley, it is widely present. The tree is 
common in areas with rainfall between 900 – 1,200 mm per year and altitudes of up to 2,000 
meters. Regarding the soils it is very tolerant. It has deep roots and grows on Ferrallitic soils. 
It will stand acid and heavy clay soils but no water logging. 

Reasons which makes this tree very attractive for energy forest plantations in Uganda are: 

• Resistance against termites 

• Rapid growth in the first two to three years 

• Established usage as a traditional resource in rural areas (uses include: poles, firewood, 
construction wood, tool handles, medicine) 

While a fundamental base of knowledge in respect to certain management aspects (coppic-
ing, rotation etc.) on Markhamia lutea  exists there are no commercially managed plantations. 

Regarding energy forests managed in short rotation systems of two to three years, density 
research trials at Nyabyeya Forestry College provide data about the early increment devel-
opment depending on the planting density. With a density of 1 m x 1 m (10,000 plants/ha) 
the mean annual increments after 2 years reached 17 m3/ha/year. After coppicing, an incre-
ment of 21 m3/ha/year was achieved. The wood density is around 0.52 to 0.55 g/cm3 and the 
average moisture content for stems related to weight of completely dry matter is about 15%.  

Figure 4 below shows the increment development of Markhamia lutea seedlings at a planting 
density of 1 m x 1 m within the first 24 months in the “Nelder” density experiment at the 
Nyabyeya Forestry College. The figure shows that the volume increment of Markhamia lutea 
is culminating between 19 to 21 months.  
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Fig. 4: Increment of Markhamia in relation to age. 
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The impact of spacing on the mean annual volume increment is presented in Figure 5 for 
coppices and seedlings. The seedlings, represented by the blue dots, show that the highest 
planting density produces the highest volume increment. The trees develop within these two 
years tall boles with very narrow open crowns and only few branches. Some of the trees 
were coppiced after 12 months. These trees show the highest volume production at lower 
densities (green dots) due to the fact that every tree develops two to three sprouts. 
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Fig. 5: Increment in relation to plantation density.  

5.3.2 Eucalyptus grandis 

For commercial energy forests Eucalyptus grandis and Eucalyptus salina are widely used not 
only in Uganda but also in Kenya, Zimbabwe, Brazil and Australia. Considering the produc-
tion purpose the early volume increment development and the wood density are important 
parameters. 

In Brazil mean annual increments of above 50 m³/ha/year have been achieved with plant-
ings for energy forests; typically the plantation have been established with spacings between 
1,100 trees/ha and 2,500 trees/ha. In plantations with a higher density e.g. 5,000 trees/ha a 
higher tree mortality and less favourable increment values have been observed. In Kenya the 
coppice crop had an annual mean annual increment of 46 m³/ha/year over a period of 6 
years. The wood density varies between 0.4 and 0.5 g/cm³.  

The Forest Resource Research Institute together with Gatsby Charitable Foundation (GCF) 
and Mondi Forests established clonal Eucalyptus trials (E. camadulensis x E. grandis) between 
2002 and 2003 in the following districts: Mukono, Mayuge, Kumi, Soroti, Katakwi, Lira, 
Masindi, Kabarole, Bushenyi, Ntungamo and Kabale (EPILA-OTARA, 2004). However, the 
three phased programme was stopped after the first evaluation by Gatsby Charitable Foun-
dation and the data was not available for this study. Nevertheless, the authors visited the site 
in Kifu and recommended that the trials are maintained and thinned to gain valuable infor-
mation on the growth potential of these fuel wood plantations.  
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In Uganda only the private sector, i.e. James Finlays LTD maintains professionally managed 
fuel wood plantations and monitors the volume increment. This data set was analysed in 
2004 with financial support from the FRMCP project (Alder, et al., 2004). The objective of the 
fuel wood plantation, however, was to produce log sections and there was no intention to 
chip the wood; spacing experiences with a higher tree density are therefore lacking. These 
figures nevertheless provide an indication on potential increments for energy forests. Figure 
6 shows that the mean annual increment is cumulating at an age of 5 years and that a mean 
annual increment of up-to 50 m³/ha/year can be achieved at this age.  
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Fig. 6: Real MAI of E. grandis in Uganda (Alder et al., 2004).  

Figure 7 shows the mean annual increment against the age at different site conditions. This 
already demonstrates that bioenergy business models have to be site specific to estimate the 
potential feedstock production. The figure indicates that the volume increment to culminates 
earlier on better sites.  
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Fig. 7: Mean Annual Increment of un-thinned E. grandis planted at 3 x 2 m spacing (Alder et al., 
2004).  
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Finally, in Figure 8 the impact of spacing on the volume increment is presented. This shows 
that a spacing between 2x2 m and 3.5x 3.5 m is resulting in the highest volume per ha. The 
optimal spacing for biomass production depends not only on the biomass production in rela-
tion to space but also on the harvesting technology and the anticipated product (see below).   
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Fig. 8: Mean Annual Increment of E. grandis depending on the spacing (Alder et al., 2004).  

5.3.3 Two-storied production system 

A more integrated approach to biomass production are two storied production systems 
which combine timber and wood energy production with different rotation periods on the 
same area. They used to be widely established in Central Europe (Mittelwald). Considering 
the increasing wood energy demand they are currently re-introduced e.g. in Germany and 
China. 

Respective systems can combine native and exotic tree species, but competition for resources 
i.e. light, nutrients and water have to be considered. The system has the advantage to: 

• Hedge production risks associated with single product 

• Provide an earlier cash-flow compared to pure timber plantations 

• Increase the area productivity  

In light of the looming timber shortage in Uganda respective systems could provide both: 
timber and biomass for energy production. 

5.3.4 Thinnings 

Thinning timber, in particular from pine plantations can be another attractive feedstock for 
wood-power technology if sufficient plantations are established in an economic distance to 
the power plants. For example a 6 year old Pine plantation, with a planting density of 1,500 
trees/ha and a site index of 12 can yield about 40 m³/ha of thinning wood.  

5.4 Evaluation of environmental and social impacts 
Energy forests, compared with other agricultural crops, have a positive impact on biodiver-
sity due to a diversification of land use systems and the extensive form of land-use (Sage, 
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1998). Energy forests increase landscape diversity and have been shown to enhance avian 
diversity (Dhondt & Wrege, 2003) and belowground biodiversity (Minor et al., 2004). 

Furthermore, they have generally a beneficial impact on the quality of the water (Schultz et 
al., 1995; Benett, 1999) and in some circumstances they may help to even out the flow regime 
and mitigate flood damage. Their effect on total stream flow is generally negative (Calder, 
2005). Established in hedgerows, the plants are an effective windbreak, and can prevent ero-
sion and improve soil fertility on marginal cropland (Zan et al., 2001). 

Regulatory frameworks and sectoral policies in Uganda are generally aimed at increasing 
sustainable production together with pro-poor benefits. Energy forests, like all land-use sys-
tems, have environmental and social costs and benefits which, if not properly taken into ac-
count, may result in negative outcomes. Therefore, the establishment of energy forests 
should be based on an impact assessment to identify and assess appropriate areas for inte-
grated land-use systems for bioenergy, considering sustainability, poverty alleviation, water 
allocation equity and biodiversity issues. 
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6 CONVERSION TECHNOLOGY 
Generally, two types of conversion technologies for small-scale bioenergy systems – in the 
range between 30 kW and 1 MW electric capacity - based on woody biomass can be distin-
guished: 

• Gasification 

• Combustion 

6.1 Wood gasification 

The production of a gaseous fuel from a solid fuel is called gasification. Simplified, gasifica-
tion is the thermal conversion of organic material under restricted air supply to a producer 
gas (main contents: carbon monoxide and hydrogen) and ash. The primary energy contained 
in the feedstock is converted to heat, mechanical power or electricity. Compared to solid fuel 
the producer gas is easier to handle, has reduced amounts of excess air and low levels of con-
taminants. The electrical efficiencies are between 20-35 % with most small-scale applications 
being rather in the 20 % range. 

The specifications for the quality of the gas – especially the cleanliness – depend on the ap-
plication. For heat-only production, the producer gas can be immediately burnt without 
modifications in gas temperature or contaminants. For the production of electricity or me-
chanical power, the gas has to be cooled, for some applications pressurized and most impor-
tantly cleaned. Therefore, gasification does not only entail the production of gas but even 
more important its treatment. 

There are different types of gasification technology on the market. The type of technology 
applied depends on the size of the installation, the quality of the available feedstock, the 
quality of gas required and environmental pollution standards. The two main types are: 

• Fluidised bed gasifiers 

• Fixed bed gasifiers 

Fluidised bed gasifiers are generally not suitable for small-to-medium sized applications 
because of more complicated operations and they do present significant environmental prob-
lems due to the waste-water. They are, however, more flexible to changes in feedstock, espe-
cially concerning moisture and ash content and different consistencies of the feedstock. 

Fixed bed gasifiers are characterized on a small scale by a high electric efficiency and use of 
waste heat potential. Highest electrical efficiency reported is 36 %. Treatment of wastewater 
or ashes still remains problematic.  

There are two main types of fixed bed gasifiers: 

• Up-draught gasfiers present the simplest technical solution and show high efficiencies 
but they produce high amounts of tar and hence are not well suited for production of 
electricity.  
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• Down-draught gasifiers (see Fig. 9) have a lower gasification efficiency but produce gas 
with a low tar content which is suitable for engines. As a downside they have more strict 
requirements on the feedstock resulting in more demanding logistics (e.g. wood chip size 
for an Ankur Systems gasifier: diameter smaller than 5 cm and length 10 cm; moisture 
content less than 15-25 % depending on 
the system). 

Appendix I gives an overview about some of 
the most important technical specifications 
characterising the different gasifier systems. 

Since the technology is still being constantly 
improved, to date some technical and opera-
tional constraints remain: 

• Operation on partial load is for most 
gasifiers unsatisfactory, i.e. reducing the 
electric efficiencies down to 10 %  

• Explosions can occur when combustible 
gases are leaking and remain in the system, but cases rarely have been recorded.  

Fig. 9: Wood gasifier from Ankur Systems (300 
kWhe). 

• Fuel blockages may occur in the throat of the gasifier if the feedstock has not the right 
size.  

• Origin and moisture content of the feedstock has a high impact on overall efficiency and 
should be as constant as possible. 

• Tar is the main constraint for the commercialisation of gasification technology for elec-
tricity production. Before the producer gas can be used in a gas engine or turbine the gas 
has to be cleaned. Tar may condensate on valves and fittings hampering the valves to 
function properly; alkaline metals, dust and tar cause corrosion and erosion of cylinder 
walls and pistons. Tar formation is increased by excess humidity in the fuel, as well as 
low reaction temperatures, e.g. through operation at partial load. One way to remove the 
tar is to cool the gas which causes the tar to condense but the system is voluminous. A 
technically less challenging option is using water-based cooling and cleaning system but 
this results in tar contaminated waste water which needs treatment before disposal.   

Due to the tar problem the availability of commercial wood gasifier systems is still limited. 
Most systems are just past the prototype-stage and slowly enter the phase of production in 
series. However, the market is rapidly expanding due to high prices for fossil fuels and tech-
nological advancements.  

Figure 10 provides a flowchart of a gasification system. After the gasification process there 
are different options: i) production of heat only; ii) production of power with combustion 
engines or iii) gas turbines. 
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Fig. 10: Possible routes for producing usable energy through biomass gasification.  

Producer gas can be used in both types of conventional internal combustion engines: i) spark 
ignition ("Otto" type) engines and ii) injection ignition ("Diesel" type) engines. Spark ignition 
engines can operate entirely on gas with minor modifications. However, if producer gas is 
used the maximum power is considerably lower compared to petrol or natural gas.  

Diesel engines ignite by merely compressing the diesel. Therefore, in order to ignite the pro-
ducer gas, the diesel fuel injection device is often replaced by a spark ignition before they can 
be operated on wood gas. The efficiency after conversion is lower (up to 45 %) than the effi-
ciency of a Diesel engine. Diesel engines (not converted to spark ignition) can only be partly 
operated on producer gas (dual fuel operation) and therefore always consume a certain 
amount of diesel fuel (10-25 %). In general, a minimum of 7 % diesel is needed but if pro-
ducer gas is not available they can alternatively operate on 100% diesel. The efficiency of a 
diesel engine operating in dual fuel mode is lower (up to 25 %) than the efficiency in single 
(diesel) fuel mode. 

Gas turbines are another technology to achieve higher electrical efficiencies of up to 45 %. To 
date, however, this technology is only suitable for large-scale applications because of the 
high investment costs and the complex operational requirements. 

6.2 Small and medium scale combustion technology 

Combustion is currently the only alternative to gasification for small to medium scale bio-
energy systems based on woody biomass. Combustion involves burning the crop with 
enough oxygen to convert nearly all the material to carbon dioxide; water with ash remais as 
waste. The heat emitted can be used directly (e.g. to produce hot water in a central heating 
system) or it can run steam engines, steam turbines or Stirling engines to generate electricity.  

Combustion is generally the most economical way to produce heat from biomass and has 
already been implemented in various projects. Compared to gasification, combustion has the 
advantage that the feedstock requirements are less exacting (up to 60 % moisture content, 
heterogenous consistency and particle size) and the applied technology is generally more 
robust and simple. Equipment ranges from very small wood stoves used for domestic heat-
ing (e.g. 15 kWht) to very large systems producing several hundred MW of heat. The upper 
limit is restricted by local energy demand and availability of biomass rather than by combus-
tion technology.  
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Steam engines 

For power production through biomass combustion the most commonly used systems em-
ploy steam boilers with water as medium to power steam piston engines or steam turbines. 
Steam engines are relatively robust technology but the boilers need close monitoring and 
maintenance. Turbines are designed for larger scale operations whereby steam engines are 
available in the power range from approximately 50 kW to 1 MW. Plants smaller than 1 MW 
have an electricity net efficiency of 10 % - 15 % (compared to 20 – 25 % for gasification). The 
investment costs for steam engine based power generation are comparatively low since it is a 
widely used technology. 

ORC 

Organic Rankine Cycle (ORC) is a new technology with a high potential for small-scale bio-
mass-fired combined heat and power production. Instead of water it employs a specific oil to 
power the engine. The oil has more favourable thermodynamic specifications reducing the 
necessary temperature and hence heat losses. Advantageous are the low operation costs and 
low emissions. Investment costs, however, are still very high since only a few prototypes 
have been running. 

Stirling Engines 

For small scale biomass power production, externally fired Stirling engines are a promising 
technology. It works by the repeated heating and cooling of a sealed amount of working gas. 
Like the steam engine it can operate using any type of heat source. Electric efficiencies of 
about 20 % have been achieved with CHP technology and it is expected to reach close to 30 
%. The advantages of Stirling engines are reduced combustion related problems which per-
sist with solid biomass fuels and low maintenance costs.  

Cogeneration 

Cogeneration also referred to as Com-
bined Heat and Power (CHP) is defined 
as simultaneously producing heat and 
electricity from the same plant using a 
single primary energy source. The main 
advantages are fuel savings in the order 
of 25-30% in comparison to separate gen-
eration. This results in lower operating 
costs and significant environmental 
benefits. Cogeneration is applicable both 
to gasification and combustion, more experience, however, exists for cogeneration based on 
combustion technology, e.g. more than 150 CHP plants in the range of 0.6 – 700 MWe are 
running in Europe and many are installed in the US (see Figure 11). These plants are mainly 
used by the secondary timber industry and large agricultural processors (sugar, oil, rice) to 

Fig. 11: Industrial scale CHP plant from CETECH in 
Iowa, USA (2 MWhe). 
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make use of agricultural residues and to produce heat and electricity. Despite significant 
investment costs the technology proves to be efficient and economically viable. 
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6.3 Conclusion 

Table 4 summarises the different advantages and disadvantages of the most important bio-
energy systems for small to medium sized plants based on woody biomass.  

Tab. 4: Overview of most important bioenergy systems. 

TECHNOLOGY ADVANTAGES  DISADVANTAGES SUITABILITY 
Gasifier  
(fixed bed, 
with combus-
tion engine) 

Low level of NOx emis-
sions  
Efficiencies between 20-
25% 

Tar disposal (waste 
water pollution) 
Strong Engineering 
support needed 
Technology not proven 
in long-term operation 

Significant potential for 
Uganda especially as is-
land solution (James 
Finlay will install the first 
plant this year) 

Steam boiler 
(with steam 
engine) 

Proven and simple tech-
nology 
Lower investment costs 
Less exacting  feedstock 
requirements  

Lower efficiencies (10-
15%), higher costs per 
unit of electricity 
High maintenance costs 

Potential , lower efficiency 
has to be outweighed with 
less complicated technol-
ogy 

New systems 
(Stirling en-
gine, ORC) 

Higher efficiencies in 
small to medium applica-
tions (up tp 35%) 
Potentially high reliability 

High investment costs 
Lack of long-term ex-
perience 

Currently too early for 
Ugandan context 

Cogeneration Significant fuel savings 
High overall efficiency (up 
to 85% through using heat) 

High investment costs 
More complex systems 
(engineering support) 

User with large demand 
for process heat (e.g. agri-
cultural processing) 

In terms of overall efficiency cogeneration is the most promising concept because of high 
overall efficiencies and low costs for heat production. Considering the potential for bio-
energy from woody biomass, however, the specific demand scenario is important. Since 
there is limited need for heat in Uganda – in contrary to Europe – cogeneration technology is 
especially interesting for large processors who do have a strong need for process heat (e.g. 
sugar processing, organic oil pressing, cement production) and significant need for electric-
ity.   

Gasification or combustion technology for electricity production has a high potential espe-
cially in Uganda as will be shown in more detail in the next chapter where different business 
models will be presented. 
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7 BUSINESS MODELS 
The economics involved in designing a bioenergy system are complex, detailed calculations 
can only be carried out for a specific case because of the specific energy need profile and the 
respective technology selected. Nevertheless, exemplatory calculations for generic scenarios 
can give potential investors a clearer understanding about the parameters involved and the 
financial dimension. 

In general there are three basic types of bioenergy systems: 

• Production of heat only, which currently is done by cement producers like Hima or 
Tororo and agricultural enterprises like Mukwano and Madhvani on a bigger scale 

• Production of electricity only, which would be particularly relevant for areas where, 
electricity is currently produced by Diesel generators (e.g. Nebbi) 

• Cogeneration, most applicable for users of large amount of process heat and electricity, 
i.e. large agricultural processors (e.g. sugar processors, oil mills), excess electricity can be 
sold to other users 

These bioenergy systems can either be stand-alone units (also referred to as island solutions) 
or be connected to the grid. There are, however, considerable technical barriers involved in 
connecting small to medium size bioenergy systems to the grid. The irregular voltage of the 
Uganda grid makes smaller providers vulnerable to equipment damages through backlash-
ing of voltage peaks. The power export system has to be synchronised with the grid which is 
a technically demanding and hence expensive task. Accordingly, stand-alone units appear 
currently to be the most feasible way of running a bioenergy plant based on woody biomass.  

The most important criteria for planning a bioenergy system are to determine: 

• Type of energy (heat and/or electricity), 

• Requested amount (base load and peak load).  

The technology is chosen accordingly. This study focuses on two different scenarios: 

1. Electricity production only with a capacity of 250 kW. The technology applied is a down-
draught fixed-bed gasifier combined with an adequate combustion engine. This scenario is 
modelled after a case which is currently in the process of being implemented on a Tea estate 
in Western Uganda (i.e. James Finlay), the technology is sourced from Ankur technologies in 
India 

2. Combustion based cogeneration with a capacity of 1 MW of electricity employing a fire-
tube steam boiler and an adequate steam piston engine. Heat exchangers are used for captur-
ing the process heat. This scenario is modelled after the requirement of industrial complexes 
using large quantities of process heat e.g. for cement production or oil refinery. The heat is 
used on-site the electricity can be also exported to nearby communities with single earth-
return-wire technology, to battery charging stations (DaSilva et al., 2005) or to the grid. Both 
systems will be considered as stand-alone units.  
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The numbers used for this pre-feasibility assessment of the two scenarios are based on esti-
mates from engineers and producers of respective technology. They provide a guideline for 
the potential of bioenergy in Uganda. Actual investment cases have to be calculated in far 
more detail and energy forest trials are necessary to get more robust figures on feedstock 
production requirements. More reliable numbers for the gasifier-based scenario will be avail-
able once the technology is running at James Finlay tea estate. Table 4 summarises the most 
important figures for the two selected scenarios.  

Tab. 5: Comparison of the selected Scenarios. 

CHARACTERISTIC SCENARIO 1:  
GASIFIER 

SCENARIO 2:  
COMBUSTION BASED CHP 

Capacity (electricity) 250 kW 1 MW 

Efficiency ~18 % (~1.4kg  wood per 1 kWhe) 13 % electrical (~1.9kg 
wood per 1 kWhe) 
75 % thermal 

Anticipated operating hours 4,000 4,000 

Annual biomass required 1,400 t 7,700 t 

Annual harvesting area  ~ 100 ha ~ 500 ha 

Feedstock requirements >20 % moisture content, max di-
ameter 5 cm, max length 10 cm 

Moisture content 15-20 %; 
dimensions less strict 

COSTS 
Feedstock costs/ kWhe € 0.013 € 0.018 

Maintenance costs/ kWhe € 0.025 € 0.021 
Total Operating costs/ kWhe € 0.05 € 0.058 
Investment costs ~ € 330,000 ~ € 1 Mio 
Overall cost per kWhe € 0.083 € 0.063 (price per kWh thermal 

energy estimated at € 0.008) 
Opportunity cost per kWhe 
From the grid 

Commercial 
€ 0.1 

Medium Industry 
€ 0.083 

Large Industry 
€ 0.034 

From Diesel generator  € 0.2-0.23  per kWhe 
 

Expected investment pay-back 
period 

4-5 years 3.5-4.5 years 

IRR based on calculated elec-
tricity price of €  0.114 (75 % 
grid; 25 % Diesel generator), no 
grants 

18.5 % (15-22 %) 22 % (17-26 %) 

For this generic assessment several assumption were made which are explained in the fol-
lowing. 

Efficiency: The efficiencies used are rather conservative considering the latest technology on 
the market. Increasing efficiencies – utilising the same technology – would result in reduced 
need for feedstock and hence in reduced production costs per kWh. The efficiency is closely 
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linked with proper maintenance and will decrease if no proper engineering support is pro-
vided. 

Operating hours: 4,000 hours is also a rather conservative estimate translating into about 11 
hours of operation per day. These numbers have already been reached in long-term trials. 
With more experience it is expected to achieve annual operating hours of 5,000-6,000, conse-
quently decreasing production costs significantly. Not only will investment costs be spread 
over more operating hours but maintenance costs are also expected to decrease per unit. 

Operation costs: The costs for feedstock are based on calculations for establishing and main-
taining energy forests (see chapter 5) and calculated feedstock needs. The impact of the tropi-
cal climate on the machinery has to be tested in long-term trials, but experience from South-
East Asia suggests reliable performance of the technology if adequate provisions for humid-
ity are made. 

Investment costs: The costs for the machinery are based on literature and interviews with 
producers of respective technology. 

Opportunity costs: The opportunity costs are needed to determine the internal rate of return 
on the investment. For the calculation they are used as potential selling price for electricity. 
Given there is access to electricity from the grid, the opportunity costs for energy production 
through a bioenergy system are determined by the costs of electricity from the grid. The cur-
rent tariff system of UMEME is structured according to user type: household, commercial, 
medium industrial, large industrial and hour of usage peak, shoulder and off-peak. Large 
industrial users pay less than half per kWh than the other users, to qualify as large industrial 
user the maximum demand has to be above 400 kW and up to 8,000 kW (per hour). For de-
tails see Appendix III. The rate used in the scenarios was the rate for medium industrial us-
ers: € 0.083. 

In addition to those prices, it has to be figured in that the supply is not constant. The power 
shortage in Uganda leads to frequent load shedding requiring the businesses to provide 
back-up systems, generally in form of diesel generators. As a basic rule: the more remote the 
area the more unreliable the grid supply. Since diesel generators are a very expensive source 
of electricity and the least environmental friendly solution, remote areas – even if connected 
to the grid – offer significant potential for bioenergy. For the calculation it was assumed that 
25 % of the electricity will be produced with Diesel generators because of grid-supply fail-
ures. 

IRR and pay-back period: Those numbers serve as general indicator for the financial viabil-
ity of the described systems. The figures provided here just give broad indication since the 
different parameters involved can change significantly according to the project design. 

The numbers calculated for both scenarios show that there is potential for systems integrat-
ing bioenergy production from woody biomass. The data suggests that currently available 
technology allows to compete with the electricity prices offered through the current provid-
ers in Uganda even without access to grant financing. Available grants and development 
loans make bioenergy systems a very attractive investment opportunity (see chapter 7). 
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It becomes particularly clear that in areas where there is no access to the grid and the distrib-
uted electricity is purely generated through the utilisation of diesel generators, bioenergy 
systems produce electricity significantly cheaper than conventional systems. The potential 
for wood-based bioenergy systems consequently is highest in rural areas not connected to 
the grid but with significant need for electricity. 

It has to be noted though, that the used figures have to be verified through field trials. The 
implementation of gasifier technology fuelled with wood from Eucalyptus plantations 
through the James Finlay tea estate shall provide particularly useful information about the 
viability of bioenergy systems in Uganda. A close cooperation between the SPGS and James 
Finlay will ensure proper energy forest management and urgently needed data from practi-
cal operation of a gasifier system in Uganda. 

8 FINANCING OPPORTUNITIES FOR INVESTORS  
Since the investment costs for the establishment of a bioenergy system are significant, addi-
tional sources for financing the technology can be a decisive incentive for private investors. 
The energy sector in Uganda is one of the key development sectors thus there are several 
potential sources of financing – particularly grants – available. The most promising ones are 
described in the following. 

BUDS-ERT, Private Sector Foundation/PSF is in very strong need of good, commercial, fi-
nancially viable projects. BUDS-ERT provides a maximum of US$ 50,000 matching funds, for 
feasibility studies and an additional US$ 20,000 for legal and financial intermediation sup-
port (e.g., with commercial banks). A well outlined bioenergy project presented to BUDS-
ERT for support would have high chances of approval if the project involves ‘rural electrifi-
cation’.  

The Rural Electrification Fund and Agency (REF/REA) find themselves in the same situation 
as BUDS-ERT. They have been presented over the past two years with many project ideas, 
but few viable projects. To date, they have only financed schemes that were developed dur-
ing the World Bank’s ERT (Energy for Rural Transformation) design phase, over two years 
ago. Their mandate is rural electrification with a focus on productive economic development 
and development of the rural service infrastructure (schools, clinics, hospitals, etc.). Gener-
ally it can be expected that medium to large scale bioenergy projects would be of major in-
terest to them. They could provide over 50 % grant support for the capital costs of the entire 
technology needed (either from the Global Environment Facility/GEF funds available under 
the ERT, or directly from the Rural Electricity Fund).  

In addition to available grants, development banks like the East African Development Bank 
or the African Development Bank provide loans at favourable conditions to projects with 
significant development potential. Generally, projects have to pass an economic viability test 
and should exceed a certain critical size. The exact conditions of a development loan depend 
on the specific project characteristics and direct negotiations. 
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9 RECOMMENDATIONS 
(1) Rural electricity production from energy forests seems to be: i) financially viable in 

Uganda, ii) creates significantly more rural employment than any other form of energy 
production and has iii) substantial environmental benefits (e.g. reducing the pressure 
from the remaining natural forests, climate neutral). Therefore, the EU and the SPGS 
programme should consider respective support mechanisms to encourage the private 
sector to invest in this technology. 

(2) Regarding the feedstock production from energy forests there is little experience in 
Uganda. Private sector fuel wood plantations, however, already provide an indication 
on the production potential. Considering that in Uganda the research sector has a bad 
track record in managing trial plots only the private sector maintains professionally 
managed fuel wood plantations with available growth information. Consequently, re-
search and implementation support should be concentrated on enterprises interested to 
establish energy forests.  

(3) The main barrier to implement wood gasification and combustion systems in Uganda is 
the lack of experiences and real data from a pilot project. Experiences in Europe, but also 
in India and Brazil, demonstrate that the technology works. Thus, it is recommended 
that the SPGS programme is establishing links with the Ministry of Energy and Mineral 
Resources, the Centre for Research in Energy and Energy Conservation at Makerere 
University, Faculty of Technology (CREEC) and BUDS-ERT to receive support for two 
pilot projects on rural electricity production based on energy forests. For each of the pre-
sented business models one demonstration project could be established together with a 
commercial partner from the private sector. Research and implementation support 
should be provided to disseminate the information gained from this commercial trial. 
The wood gasification plant from James Finlay could be already one of the demonstra-
tion systems. However, private sector partners could be also identified in an open ten-
der. 

(4) Community based, decentralised electricity production from energy forests should be 
also supported, e.g. local entrepreneurs could operate small-scale conversion systems 
(e.g. 30 kW) and the community could produce and provide the woody biomass and 
would receive energy services in return. This model – if successful – can be replicated in 
cooperation with micro-finance institutions, community extension organisations and 
energy providers. For this idea a more detailed concept has to be developed with re-
spective partners. 

(5) Renewable electricity production from reforestation would be eligible for a Clean De-
velopment Mechanism project. The Austrian CDM/JI fund already expressed their in-
terest to buy the certified emission reductions from this project and to support the de-
sign and the implementation. Similar to the CDM project currently established by the 
NFA, with carbon finance from the World Bank BioCarbon Fund, this project would 
leverage the playing field for the private sector to replicate the model.  

(6) Based on a successful implementation of pilot projects a regulatory framework to up-
scale this concept should be established in cooperation with NEMA considering social 
and environmental impacts.     
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(7) Support for a national bioenergy platform, which serves as a one-stop resource centre 
for private investors, entrepreneurs, public institutions and regulatory bodies interested 
or already involved in bioenergy projects. 
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APPENDIX I: TERMS OF REFERENCE  
The detailed activity thrust from the TOR is presented in the table below. 

Activity Description 
Analysing appropriate con-
version technology 

Developing analytical framework to compare different conversion 
systems 
Contacting and information gathering from producer of wood-
gasification, cogeneration and steam engine technology in Europe 
and the US 
Screening bench mark reports comparing respective technologies 

Assessing production sys-
tems 

Analysing species and site specific yields with a focus on Eucalyp-
tus (FORRI clones and RHTC trials) and Markhamia lutea. Assess-
ing potential production systems, with a focus on short-rotation 
coppice and thinning wood systems 
Evaluating potential threats and benefits of respective systems on 
biodiversity, water availability and the potential conflicts between 
food and wood for energy production (literature based) 

Gathering market informa-
tion 

Energy production tariffs and regulations will be investigated with 
UEGCL 
Production costs of alternative systems will be investigated (e.g. 
diesel generator etc.) 

Developing business models 
for electricity generation in 
rural areas based on woody 
biomass 

Information on production, conversion costs will be analysed for 
different business models 
Outlining business models, considering business strategy, cash 
flows, operational models, investment needs, risk analysis and po-
tential sources for additional finance 

Compiling draft report  Compiling and circulating draft report and discussing comments 
and recommendations with the SPGS team 

Finalizing report  
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APPENDIX II: GASIFICATION TECHNOLOGY SPECIFICATIONS 
FUEL WOOD CHARCTERISITCS UNIT DOWNDRAFT UPDRAFT FLUIDIZED 

BED 
Feedstock moisture content wt % wb 12 (max. 25) 43 (max 60)  

Feedstock particle size mm 20-100 5-100 0-20 

Sensitivity to load fluctuationsa  Sensitive Not sensitive  

Operating temperature °C 800-1,400 750-900 750-950 

Gas exit temp °C 700 200-400  

Tars in gas g/Nm³ 0.015-0.5 30-150 <5 

Ash content wt % db 0.5 (max 6) 1.4 (max. 25) <25 

Lower heating value of gas MJ/Nm³ 4.5-5.0 5.0-6.0 5.1 

Control  Simple  Average 

Attendance   Low  Average 

Start up timeb  Minutes  hours 

Turn down ratioc  3-4 5-10 3 
a) In terms of feedstock composition in size, moisture and origin 
b) Start up time: Time from cold start to full capacity 
c) Turn down ratio: potential ratio of minimum capacity to maximum capacity 
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APPENDIX III: UMEME LIMITED - END-USER TARIFFS, 2005 

   Code 10.1  
 Code 

10.2/10.3  
 Code  

20  
 Code  

30  
 Code  

40  
 Code  

50  

   Domestic  
 Comm-

ercial  
 Medium 
Industrial  

 Large Indus-
trial  

 Tx large 
Industrial  

 Street-
lights  

Standing & max demand charges             

Monthly fee 2,000 2,000 20,000 30,000  - 

Max demand 1   5,000 3,300   

Max demand 2    3,000   

Power supply (UGX/kWh)       

Average 100.2 100.2 100.2 72.6  98.9 

Peak  129.9 129.9 112.9   

Shoulder  96.2 96.2 83.6   

Off-peak  52.5 52.5 45.7   

Distribution charge (UGX/kWh)       

Average 150.2 140.1 128.6 28.6  138.5 

Peak  168.1 154.3 34.4   

Shoulder  140.1 128.6 28.6   

Off-peak  80.0 73.5 16.4   

Tariff relief       

Government tariff relief 34.3 32.7 46.8 28.0  32.8 

Generation Levy       

Generation levy 0.7 0.7 0.7 0.3  0.7 

Total energy tariff (UGX/kWh)       

Average 216.9 208.3 182.8 73.6  205.3 

Peak  265.9 238.2 119.6   

Shoulder  204.3 178.8 84.6   

Off-peak  100.6 80.0 34.3   

Comparison with previous tariffs             

Total energy tariff-2005 216.9 208.3 182.8 73.6  205.3 

Total energy tariff-2004 171.4 164.8 150.3 60.4 37.7 162.5 

Total energy tariff-2003 170.1 170.1 155.4 89.4  155.0 

Total energy tariff-2002 168.0 168.0 152.4 93.5  153.0 

Total energy tariff-2001 189.8 189.8 171.6 104.4  176.4  
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