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Abstract 

Rwanda is one of the world's developing countries; and one of its most pressing environmental concerns 
is its need for stable and community-managed electrical power. As an extension extending of the 
Rwandese national power grid would be expensive and problematic; micro-hydro power projects have 
proved to be an economical and efficient alternative in the effort to power remote villages deep in the 
rural area. This study investigates the efficacy of community-based micro-hydropower projects in one of 
these villages, in Rongi sector as well as the role of public participation in these projects. 
 
The reason for this thesis stemmed from the Rwanda Government established policy in Electricity 
Development Strategy 2011-2017 to generate 1000 MW (RDB, 2012). The main aim of this Thesis was to 
develop a case study for the development of micro scale hydro - schemes. This was developed taking into 
account the BUKABA River as the model at the specified zone where there is a lot of small rivers. This 
research shall provide a real life study at the inhibiting and the enabling factors for the development of 
micro scale hydro in rural areas of Rwanda. To that end, this project can be taken as model in the 
communities without access to electricity specifically in rural area. 
 
This study employs a case study methodology, for the design, costing and feasibility of Bukaba micro-
hydropower project as one piloted with data collection taken on site surveys, and document reviews. The 
results of this study show that, both the technical performance and the level of public participation in 
implementation of the project cost to be very low when all parameters are taken into account. The 
Bukaba Micro-Hydropower project is a decentralized electricity generation system that will use Gisoro 
and Gifurwe as affluent of Bukaba River. 
 
This study used RETScreen to assess the feasibility of  alternative formulations for small hydro power 
plant. The RETScreen was used to evaluate the energy production, life-cycle costs for, isolated-grid 
micro- hydro projects, ranging in size of single-turbine micro hydro system for the BUKABA project 
(RETScreen, 2004). The value obtained was a good value as far as run-off-river type projects are 
concerned. As the result, the maximum power output calculated by RETScreen was 97kW for BUKABA 
MHP which will be used by primary and secondary schools, local administrative buildings, commercial 
centers, and about 100 households. 
 
The Positive Net Values (NPV) for BUKABA MHP was calculated by RETScreen and was greater than 
one and is an indication of a potentially feasible project. As the cumulative cash flow is negative until the 
17th year, that period onwards from 18th year, it turns to positive meaning that the project starts making 
profit. 
 
The site chosen as the focus for this case study required significant refurbishment work to be completed 
at an estimated cost of approximately $CAD 619, 000 as it shown by RETScreen hydro formula costing 
method as total initial cost.  
 
In general, development of proposed Bukaba MHP project is financially and technically feasible, and an 
infrastructure for social, production and life standard of living improvements, are expected. Further, as 
far as the country is concerned, it will also be a forward step to increase the country’s electrification level 
and rural development which booster the efforts of the Government of Rwanda on the way to a 
developed nation. 
 
We recommend the Government of  Rwanda (GoR) to use this project as model to be implemented, even 
to use it in any other area where there is availability of  water. But, before implementation, the bill of  
quantities will be prepared to enable the GoR obtain the details about the final and initial cost of  the 
concerned project.   
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Chapter one. Literature review 

 1.1 Introduction 
 

12 % of the world’s hydro potential is found in Africa and due to geographical conditions most of it is 
located in the Sub-Saharan part (Gaul, et al., 2010). Looking at small and micro hydro schemes, the gap is 
probably even bigger, but there are no estimations about the potential. While China alone has developed 
more than 45,000 plants below 10 MW, in the whole of Africa there are not more than a few hundred 
Micro Hydro Power (MHP) plants in operation (Gaul, et al., 2010). 
Small and micro-hydro power plants have a long tradition in Africa, but never reached a massive 
dissemination, although the geographical conditions in some regions are favorable. In most of  the 
countries the existing MHP plants were funded by international donors or NGOs and remained isolated 
projects, which are rarely well documented and were never scaled up (Gaul, et al., 2010). 
 
In the last decade, however, some countries have made progress in promoting MHP more systematically, 
moving away from demonstration and pilot programs to large-scale initiatives (Gaul, et al., 2010). In most 
of  these countries, amongst them Rwanda, Kenya, Ethiopia and South Africa, decentralized renewable 
technologies such as MHP have been mainstreamed in regional and national policy documents. Incentives 
like tax reductions and feed-in tariffs have been established or are at least in discussion (Gaul, et al., 2010). 
In Rwanda, small hydro is contributing a significant portion to the installed capacity, and even micro 
hydro is becoming a significant contribution (Gaul, et al., 2010). Important to the Rwandan success has 
been a sector wide approach (SWAp) by various donors, lead by a strong Ministry for Infrastructure who 
sets clear targets and provides a policy framework and own budgets for the electrification of  the country 
(Gaul, et al., 2010). 
 
In many countries, most of  the existing plants still date back to colonial times; many of  them were 
implemented by church missions. For example in Tanzania, more than 16 small systems were installed by 
church missions in the 1960s and 1970s (Gaul, et al., 2010). In Kenya, SHP plants from the 1950s are still 
in operation. On the other hand, in South Africa alone there are hundreds of  de-commissioned plants, 
waiting for rehabilitation, while only a few new plants have been constructed in the last years (Gaul, et al., 
2010). Many of  the old sites mentioned in historic reports are forgotten and cannot even be located today. 
Figures about recent projects are easier to obtain because government action plans and information of  
ongoing donor funded projects allow for more accurate estimations. For example, in Rwanda, currently 
15 MHP plants are under construction and another 21 are planned (Gaul, et al., 2010). 
 
The Rwanda per capita consumption of  electricity is at a very low level of  20 kWh per capita per year 
(compared to average per capita annual consumption of  electricity in sub-Saharan Africa of  478 kWh) 
(Gaul, et al., 2010). 
 
Energy policy focuses mainly on the electrification of  the country, which has through the electrification 
roll-out program increased significantly from 6 % in 2005 to 12 % in 2010. The Ministry for 
Infrastructure (MININFRA) has bundled the activities of  several donors and pushed the promotion of  
renewable energies to higher levels (Gaul, et al., 2010). 
 
A recent Hydropower Atlas project has identified 333 hydro sites in the country with a combined capacity 
of 96 MW. The technical potential for small hydropower is estimated at 10 MW (Gaul, et al., 2010). 
However, the country’s share of hydropower potential on border rivers is at least 115 MW. There are 
some older sites which could be rehabilitated. In general, the potential for MHP is good due to 
geographical conditions and the density of population (Gaul, et al., 2010). In 2009, hydropower 
contributed 20 of the 55 MW installed capacity (but only about 15 % of the total electricity consumption) 
at four small hydroelectric stations, and a number of independent micro-hydroelectric stations. In the 
National Energy Policy (2009) only one MHP is listed (Nyamyotsi with 75 kW). However, 21 projects are 



 

- 2 - 

 

in planning stage, with a total capacity of approximately 13 MW by the Government, bilateral donors and 
private investors (Gaul, et al., 2010). In addition, BUKABA MHP can be taken as one in which the study 
was done in this thesis. 
 
In rural Rwanda, the electrification rate is even considerably lower at 1.3% (UNDP/WHO 2009) (Bensch, 
2010). As part of the efforts to achieve the MDGs it is among the national policy priorities of most 
countries to improve access to electricity be it via extension of the national grid or decentralized electricity. 
The national target for Rwanda, for example, is to augment the overall electrification rate to 30 % by 2020 
six times the rate in 2005 (Bensch, 2010).  
 

1.2 Background Information 
 
The vast majority of Rwandans, both rural and urban, do not have access to modern energy services. 
Barely one percent of rural Rwandans are connected to the national grid (Yussuf, 2012). The Ministry of 
infrastructure sets objectives to ensure availability of reliable and affordable energy supplies and to 
improve their use in a national and sustainable manner in order to support national development goals 
(EUEI, 2009). To date, extensive rural electrification has been a major priority for Energy, Water and 
Sanitation Authority (EWSA). Due to the high cost implications and limited funding, the power demand 
of a typical rural area served by EWSA is between a few hundred kilowatts (kW) and a few megawatts 
(MW) (EUEI, 2009). The supply has been achieved either by an extension of the national grid or by 
installation of an isolated generation system. Rural electrification is being considered as an important 
prerequisite for gradually raising living standards and reducing poverty of the people in the project area 
(EUEI, 2009) . In this project, it is deemed important that rural electrification focuses on existing and 
potential productive income-generating activities in the fields of small-scale users.  
 
1.3 Project Study Objectives 
 

One major strain on the environment is the human use of fuels. For example, large-scale use of firewood 
can contribute to air pollution, especially through particulates, and this can in turn contribute to human 
health problems (especially when burning indoors). The excessive use of wood for fuel can also result in 
deforestation. A 2007 national forest inventory identified illegal logging and charcoal production as the 
main threats to the national forests of Rwanda (NISR, 2010). 
On the other hand, firewood is an essential day-to-day environmental resource that allows Rwandan 
households to maintain their standard of living. In addition, an energy-related sector such as charcoal 
production is bound to become increasingly important sources of employment. The Vision 2020 and 
subsequent policy documents identify a reliable supply of energy as one of the key factors in ensuring 
continued economic growth. The Vision 2020 energy target is to connect substantial parts of the 
population to the electricity grid and to drastically reduce the use of wood in national energy consumption 
(NISR, 2010). 
The overall objective of this project is to contribute to poverty reduction of the Rugogwe and Mugwato 
villagers by introducing micro-hydropower to the area for productive use of electricity and finally 
improving living standard and reducing poverty in rural areas through improved access to electricity from 
micro-hydro power plants. These are useful for small-scale enterprises, primary schools, secondary 
schools, local administrative buildings, commercial centres, Umurenge SACCO (Saving and Credit 
Cooperative) and about 100 households. 
 
From the Ministry of Infrastructure (MININFRA), the principal objective of the energy sector is to 
contribute to the accelerated sustainable socio-economic development of Rwanda so as to improve the 
well-being and the quality of life of the population by powering the social and economic sectors to meet 
the essential needs (RDB, 2012). 
 
To achieve this main objective, the following specific objectives need to be addressed: 

� Increase access to electricity for enterprises and households 
� Reduce cost of service in the supply of electricity, and introduce cost reflective electricity tariffs 
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� Diversify energy supply sources and ensure security of supply 
� Strengthen the governance framework and institutional capacity of the energy sector (EUEI, 

2009). 
 
The objective of Rwanda’s electricity strategy is to increase access to modern energy and to meet the ever 
increasing power demand for economic development of the country. To attain these objectives, the 
accelerated electricity generation mix proposed in the “Electricity Development Strategy 2011-2017” is to 
generate 1,000 MW from both the indigenous energy resources and from shared energy resources with 
neighboring countries (RDB, 2012). 
Among the specific targets which have been set in the Electricity Development Strategy: one of them is 
the use of micro hydro power to generate renewable energy sources and be distributed to local 
communities beyond the national electricity grid (RDB, 2012). 
The percentage of households connected to electricity has increased substantially over the last five years, 
especially in the cities. The percentage of households with electricity there has doubled from 23 to 46%. 
Overall, 11% of households in Rwanda now use electricity as their main source of lighting, which is 
equivalent to approximately 243,000 households (RDB, 2012). Electricity access is particularly high in 
Kigali (56% of households). In the provinces outside Kigali, it is highest in the Western Province (8%) 
and lowest in the Southern Province (3%) (NISR, 2010). As it was mentioned, electricity access in 
southern province is still low and it is where the proposed micro hydropower project is located to help 
the community and the country to sort out progressively this shortage in implementation of this type of 
power plant. 
 
1.4 Methodology 

 
The project core activities involve the design, costing and feasibility study of  the use of  micro 
hydropower plant for improving the accessibility of  renewable energy situation in rural areas of  Rwanda. 
The Government of  Rwanda recognizes the need for alternative, renewable energy sources, as a means of  
reducing tremendous pressure on woody biomass. Providing adequate and affordable energy sources are 
essential for eradicating poverty, improving human welfare, and raising living standards of  the people 
(EUEI, 2009). 
 
The methodology employed to undertake the study includes: literature search and review, description 
of equipment used to undertake the survey work on the site to determine the flow rate of the river 
and other important parameters. Brief discussions on community meetings that were organized during 
the site visit, sources of socio-economic data and the information collected during the site visit can be 
used to design, cost and determine financial viability and feasibility of the Bukaba Micro-Hydro plant. 
 

1.4.1 Methods of data collection: 
 

i. Reconnaissance and field observation on the site, 
ii. Literature and official documents study for some previous recorded data from   

different institutions dealing with environmental and natural resources like Ministry of 
Infrastructure (MININFRA), Minis t ry  of  Natura l  Resources  (MINIRENA), 
RWANDA Metrology Center, 

iii. Available head, minimum and maximum flow rates, rainfall data, catchment area considered 
for run-off, number of houses in the villages to be supplied by Bukaba micro hydro power 
plant, etc 

iv. Data analysis, using suitable software, RETScreen International.  
v. Design and costing of the Bukaba micro hydro power plant. 

 
The appropriate and recommended tools for the field investigations cover the following issues 
(Feibel, 2006): 

� General and site information, 
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� Technical specifications (including available run-off, water usage, etc.), 
� Domestic and public electricity demand, 
� Commercial electricity demand, 
� To estimate income from energy supply,  
� Environmental issues, 
� Estimated project costs. 
� Estimated project payback period using present electricity tariffs. 

 
Initial site investigations were carried out during July, 2012 for the first time and April, 2013 for the 
second time, followed by calculations using the data got from different instruments used during site visit 
etc prior to the compilation of final study report. 
 

1.5 Project Description 
 

Generally, a micro-hydro power plant is a system where one can produce as much as a few hundreds of  
kilo-Watts of  electricity using the run-of-river source. This method is used in the regions where there is 
availability of  different river sources for hydroelectric power, but at low discharges so that one can 
produce about 100kW (Ramos, et al., 1999). This is mostly applicable in areas, as it is currently the case in 
some Southern parts of  Rwanda where there is presently inaccessibility to electricity from the national 
grid (GASANA, et al., 2011).  
This study uses the design and working principles of micro hydro power plants to generate power 
from the Bukaba River, which has its upper catchments in the mountains of Ndiza great hill.   
The Bukaba river catchment area is also supplied in the region by at least two main affluent rivers like 
Gifurwe and Gisoro Figure 1.1 (Ingenieurs-Conseils, et al., 2008). The proposed Bukaba hydro power 
project is located at 1763 and 1430 meters up and downstream altitudes respectively with Nyabarongo as 
watershed river, whose length is 9.6 km and central coordinate is (472772, 9798057) in Rongi sector in 
Muhanga District of  Southern Rwanda (MINISTERIAL, 2010). This project can be used to install about 
100kW capacity hydro-plant and it is to be developed as an off- grid hydro power project supplying 
electricity for a small isolated off-grid village setting. 
 

 
 
Figure 1. 1 Location of  Bukaba River (Ingenieurs-Conseils, et al., 2008).  
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Rwanda is a developing country, which presents large rural and isolated regions without access to grid 
electricity. This situation, presents some difficulties to the population, who suffer from lack of 
infrastructure like easy accessibility to electricity in the clinics, primary schools, colleges and commercial 
centers (EUEI, 2009). 
It is hoped that the development of proposed Bukaba micro hydro power project, will be financially and 
technically feasible, and an infrastructure that would positively impact the social, productive and living 
standards of people in the Rongi sector of Rwanda. Furthermore, it will also be a great leap forward to 
the country’s electrification level and rural development, which bolster the efforts of the Government of 
Rwanda on the way to becoming a developed nation (EUEI, 2009) . 
 
1.6 Project location 
 
River Bukaba originates in the Ndiza mountain ranges of southern Rwanda. The catchment consists of a 
range of the draining mountains like Gifurwe (Appendix A1) and Gisoro (Appendix A2 and Appendix 
A3) rivers with other small rivers flowing into main Bukaba River (COFORWA, 2003). 
These rivers flow through mountains and into a steep slope at the site in the Bukaba catchment. All these 
conditions favor efficient and economical water resources development (COFORWA, 2003). 
The proposed BUKABA MHP project is located very close to a district road and therefore the 
transportation of the materials will be convenient and the cost of construction will be lower. The scheme 
intends to utilize the natural drop of river elevation to generate hydropower with the available discharge 
(COFORWA, 2003). The BUKABA river flow is diverted at the top of the natural rapids and after 
generation, the water is discharged back to the same river at a downstream location at the end of the 
natural drop before dropped to Nyabarongo river at 600 m from the proposed power house according to 
the site visit observation. 
The scheme will have an installed capacity of 97 kW using 0.32 m3/s and a net head of 41 m. This will 
function as an off-grid electricity generation scheme.  
 
The proposed BUKABA MHP project has minimal adverse effects on the environment and the 
mitigating measures of any possible adverse effects are discussed later in this project report.  
The geological study of the area will be done before implementation for providing better information 
about the foundation quality, which should be adequate for the stability of the civil engineering structures, 
the weir, canal, penstock and the powerhouse (TEPCO, 2005). 
 
1.7. Project Implementation Rationale 
 
The construction a micro hydro power plant with proposed power output capacity of 100 kW and 
installation of the local mini-grid and distribution lines to the targeted consumers (households, social 
services, local institutions and schools) would be charged on monthly basis. Billing will be according to 
the loads connected to the mini-grid, independent metering will be installed to each commercial customer 
so as to simplify monthly electricity revenue collection in accordance with electricity usage. The revenue 
accrued from customers will be used for maintenance of the plant and village development activities. 
 
This project activity also contemplates the production of clean power that will contribute to reduce 
dependence on imported kerosene which is more used in the region for house lighting and reduce 
greenhouse gases emission specifically CO2, which would have occurred otherwise, in the absence of this 
project. The Greenhouse Gas (GHG) emitted will be traded in Carbon Market and the revenue accrued 
will be used in village development projects that are focusing on poverty reduction as well as contributing 
to maintenance and operation costs.  
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Chapter two. Micro-Hydro Power Plant Components  

From the Figure 2.1 the components of  micro hydro power plant are described below. 
 

 
 
Figure 2. 1 Elements of  micro hydro power plant (TEPCO, 2005) 
 

 

2.1 Weir and intake 
 

A hydro system must extract water from the river in a reliable and controllable way. 
The water flowing in the channel must be regulated during high river flow and low flow conditions 
(Hermann, 2006). A weir can be used to raise the water level and ensure a constant supply to the intake. 
Sometimes it is possible to avoid building a weir by using natural features of the river. A permanent pool 
in the river may provide the same function as a weir (Hermann, 2006). 
 
The intake of a hydro scheme is designed to divert a certain part of the river flow. 
This part can go up to 100 % as the total flow of the river is diverted via the hydro installation. For small 
systems only a tiny fraction of a river might be diverted, this also has the advantage that Micro Hydro 
power (MHP) output can be kept constant even when the flow of the river is strongly fluctuating 
(Hermann, 2006). 
The following points are required for an intake (Hermann, 2006): 
 

� the desired flow must be diverted, 
� the peak flow of the river must be able to pass the intake and weir without causing damage to 

them, 
� as less as possible maintenance and repairs, 
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� it must prevent large quantities of loose material from entering the channel, 
� it must have the possibility to remove piled up sediment. 

 
Different types of intakes are characterised by the method used to divert the water into the intake. For 
micro hydro schemes only the small intakes will be necessary. The main type of intake for such purposes 
will be the side intake since it is cheap and simple to construct (Hermann, 2006). 
 

As no flow data is available, it is possible to use hydrological methods that are based on long-term rainfall 
and evaporation records, and on discharge records for similar catchment areas (EWSA, 2011). This allows 
initial conclusions to be drawn on the overall hydraulic potential without taking actual site observations. 
But, these data are not available at all, and then it is advisable to follow this up with site measurements 
once the project looks likely to be feasible and the assumptions are made for this case according to the 
site observations (EWSA, 2011). 
 

2.1.1 Measuring weirs 
 

A flow measurement weir has a rectangular notch in it through which all the water in the stream flows. It 
is useful typically for flows in the region of 50-1000 l/s (Paish, 2005). The flow rate can be determined 
from a single reading of the difference in height between the upstream water level and the bottom of the 
notch Figure 2.2 (Paish, 2005). For reliable results, the crest of the weir must be kept 'sharp' and sediment 
must be prevented from accumulating behind the weir (Paish, 2005) 
 
The formula for a rectangular notched weir is (Paish, 2005): 
 
Q = 2/3 Cd√2g (L - 0.2h) h1.5                                                Equation (2.1) 
 
Where: 
Q = flow rate (m3/s) 
Cd = the coefficient of discharge 
L = the notch width (m) 

 
Figure 2. 2 Measuring Weir method (Paish, 2005) 
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h = the head difference (m) 
g = acceleration due to gravity (9.81m/s2) 
If Cd is taken, typically, as 0.6, then the equation becomes: (Paish, 2005) 
 
Q = 1.8 (L - 0.2h) h1.5                                                      Equation (2.2) 
Since stream flow varies both from day to day and with the season, measurements should ideally be taken 
over a long period of time, preferably several years (Paish, 2005). 
 

2.2 Headrace, Forebay 
 

Headrace is the channel which conducts the water from the intake to the forebay tank. 
The length of the channel depends on local conditions. In one case, a long channel combined with a short 
penstock can be cheaper or necessary, while in other cases a combination of short channel with long 
penstock suits better (Dilip, 2009). 
Most channels are excavated, while sometimes structures like aqueducts are necessary. To reduce friction 
and prevent leakages channels are often sealed with cement, clay or polythene sheet (Dilip, 2009). 
 
Size and shape of a channel are often a compromise between costs and reduced head. As water flows in 
the channel, it loses energy in the process of sliding past the walls and bed material. The rougher the 
material, the greater the friction loss and the higher the head drop needed between channel entry and exit 
(Dilip, 2009). 
 
Incorporated in the channel are the following elements: settling basin (removes sediments from water), 
spillways (used for controlled overflow) and forebay tank (Dilip, 2009). 
The forebay tank forms the connection between the channel and the penstock. The main purpose is to 
allow the last particles to settle down before the water enters the penstock. Depending on its size it can 
also serve as a reservoir to store water (Dilip, 2009). 
 

 

2.3 Penstock 
 

Penstock is a covered pipe which is used to convey water from the Forebay tank to the turbine inlet by 
keeping the pressure inside. This constitutes a major expense of a micro hydro budget. Hence it is wise to 
optimize the penstock design considering the following (Dilip, 2009): 
 

� Penstock size and its thickness 
� Material of penstock 
� Selecting the terrain 
� No. of supports, size and their stability. 
� No. of bends, anchor blocks and their stability 

 
In many cases mild steel and High Density Poly Ethylene (HDPE) pipes proved to be the most economic 
solution for penstocks in micro hydro schemes. However, many aspects, like availability, costs, weight, 
stability, have to be taken into account for any specific site (Feibel, et al., 2006. The penstock alignment 
should be chosen such that significant head can be gained at a short distance but still be possible to lay 
the penstock and build support and anchor blocks on the ground. The number of  bends on the 
alignment should be kept to a minimum so that the number of  anchor blocks and head loss can be 
minimized (Feibel, et al., 2006). 
 
2.4 Measurement of Head 
 
The head of water available at any one site can be determined by measuring the height difference between 
the water surface at the proposed intake and the river level at the point where the water will be returned 
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(Padden, 2010). 
The use of a Dumpy level (Theodolite or builder's level) is the conventional method for measuring head 
accurately and should be used wherever time and funds allow. Such equipment should be used by 
experienced operators who are capable of checking the calibration of the device (Padden, 2010). 
 

 
Figure 2. 3 Measuring of  head using Theodolite (Padden, 2010) 
 
A measurement of the available head (H) at a site is required to complete an accurate calculation of power 
output. When determining head, both gross head and net head must be considered. “Gross head (Figure 
2.4) is the vertical distance between the top of the penstock that conveys the water under pressure and 
where the water discharges from the turbine. Net head is the available head after subtracting the head loss 
due to friction in the penstock from the gross head” (Padden, 2010) 
 

 
 
Figure 2. 4 Head Measurement of  a Micro-Hydropower System 
 

2.4.1 Gross Head 
 

There are methods of assessing gross head applicable to low-head sites and others more suited to high-
head sites (Padden, 2010). 
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Field measurements of gross head are usually carried out using surveying techniques. The precision 
required in the measurement will limit the methods that can be employed. In the past, the best way to 
measure gross head was by levelling with a surveyor’s level and staff; however this was a slow process. 
Accurate measurements were made by a tachometer or less accurately by a clinometer (Padden, 2010). 
Nowadays with digital theodolites, electronic digital and laser levels and especially with the electronic total 
stations the job has been simplified (Padden, 2010). 
Gross head of the BUKABA project is measured as 42m from the site surveying. The net head is 
calculated on the conceptual design chapter. 
  
2.5 Measurement of Flow Rate 
 

One common method used for velocity measurement of medium to large rivers, involves the 
measurement of the cross sectional area of a river and water discharge to determine the average water 
velocity available. Direct measurement of discharge is not possible, but must be calculated from velocity 
and cross-sectional area of the stream, that is from the discharge equation” Q = V. A where Q is the 
discharge, V is the velocity and A is the area (Padden, 2010). 
Velocity can be measured by using the current meter method of measurement as shown in Figures 2.5 
(Rónán, 2010).  

 
 
Figure 2. 5 Water Current Meter (Rónán, 2010). 
 

2.5.1 By mechanical current-meter  
 

Horizontal axis rotor current-meter with vanes (propeller) was used: Each revolution of  the propeller is 
recorded electrically through a cable to the observer and the number of  revolutions is counted by the 
observer, or automatically by the instrument itself, over a short period (say 1 or 2minutes) (Penche, 2004). 
These observations are converted into water velocities from a calibration curve for the instrument. By 
moving the meter vertically and horizontally to a series of  positions (whose coordinates in the cross-
section are determined), a complete velocity map of  the cross-section can be drawn and the discharge 
through it calculated (Penche, 2004). Discharge measurement, was done using the most accurate method 
which is to measure the cross-sectional area of the stream and then, using a current meter, determine the 
average velocity in the cross-section (Bartram, et al., 1996).  
 

2.5.2 Measurement of the discharge, pH and Temperature 
 

In order to calculate the flow of BUKABA River, the velocity and cross-sectional area were determined 
before, as the depth of the river varies, the best method used was to divide the stream into sections and 
measure the depth of each section. The cross-sectional area was then calculated for each section, and the 
sum of the areas of all the sections was been the cross-sectional area of the river (Khan, et al., 1997). 
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The velocity is then measured using a current meter, which is shown in Figure 2.6 Figure 2.7 and Figure 
2.8 show the measurement of electrical conductivity, temperature, and potential hydrogen concentration 
(pH) done at the site using the proper instrumentations. 
 

 
 
Figure 2. 6 Measuring velocity using water current meter 
 

 
 
Figure 2. 7 Velocity of  water flow measurement at the site 
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Figure 2. 8 Electrical conductivity, temperature, and pH measurement 
 

2.5.3.1 Computational procedures of data from the site  
 
A current meter measurement is the summation of  the products of  the subsection areas of  the stream 
cross-section and their respective average velocities. The continuity equation is used (Khan, et al., 1997): � = � ∗ 	                                                              Equation (2.3) 


 = � � ∗ 	�


                                                                                                                                                    Equation (2.4)   
Where:  

q is the discharge from an individual section;  
a is an individual section area; 
v is the mean velocity of  the flow normal to the section; and 
Q is the total discharge from the cross-section. 
 

Using the mid-section method of  computing a current meter measurement, it is assumed that the velocity 
sample at vertical represents the mean velocity in a rectangular subsection. 
The subsection area extends laterally from half  the distance from the preceding observation vertical to 
half  the distance to the next, and the vertical from the water surface to the sounded depth. 
The cross-section is defined by depths at verticals 1, 2, 3, 4 . . . n in Figure 2.9. At each vertical, the 
velocities are sampled using a current meter to obtain the mean velocity of  each section. The subsection 
discharge is then computed for any section at vertical X by use of  the equation (Khan, et al., 1997), 
  

q� = V� � (����(� !)" + $%�(�&!'���(
" ) d�                                    Equation (2.5) 

q� = +� %�(�&!)��(� !)'" × d�                                           Equation (2.6) 
 
Where (Khan, et al., 1997): 
       qX = discharge through section X; 
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Figure 2. 9 Midi-section method of  computing cross-sectional area for current meter measurements 
(Khan, et al., 1997). 
 
VX = mean velocity at vertical X; 
       bX =distance from initial point to vertical X; 
       b(X-1) = distance from initial point to preceding vertical; 
       b(X+1) = distance from initial point to next vertical; 
       d(X) = depth of  water at vertical X. 
 

1.2.3…………n   Observation verticals 
b1. b2. b3……..bn   Distance in meters from the initial point to the observation vertical 
d1. d2.d3……...dn   Depth of water in meters at the observation vertical 
 
---------------------   Boundaries of observations 
 �- = .- /01�0!" 2 3-                                                                         Equation (2.7) 
         
 �� = .� /04�0(4 !)" 2 3�                                               Equation (2.8)                 
 

Looking at Figure 2.9, Equation 2.7 would be zero because d1=0. Therefore, the small area defined by 
Equation 2.5 is assumed to be zero, which is commonly accepted because the discharge would be very 
small; but, in some cases this is not true when there is some velocity near the bank (Khan, et al., 1997). 
 

For the last section depicted in Figure 2.9 and represented by Equation 2.7, the velocity Vn cannot be 
measured, so it has to be estimate using the procedure of velocity at vertical walls (Khan, et al., 1997). 
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Table 2. 1 Site survey data calculation 
 

River BUKABA Micro Hydro Power Plant 

BUKABA RIVER CURRENT FLOW CALCULATION 

D:distance 
(m) 

d:depth 
(m) n1 n2 n3 n4 

Average 
[ni] 
(Rev/s) 

n = 
(1/sec) 

v = 
(m/s) A (m2) Q(m3/s) 

0.00                     
0.21 0.30 57 53 60 55 56.25 1.875 0.477 0.062 0.029 
0.41 0.30 73 68 74 71 71.50 2.383 0.607 0.060 0.039 
0.61 0.30 73 78 79 76 76.50 2.550 0.651 0.060 0.039 
0.81 0.24 75 82 83 75 78.75 2.625 0.669 0.048 0.032 
1.01 0.32 80 70 76 70 74.00 2.466 0.629 0.064 0.040 
1.21 0.32 80 75 73 73 75.25 2.508 0.639 0.064 0.041 
1.41 0.22 72 63 68 66 67.25 2.245 0.571 0.044 0.025 
1.61 0.22 70 72 65 63 67.50 2.250 0.573 0.045 0.026 
1.81 0.21 62 60 63 60 61.25 2.045 0.520 0.044 0.023 
2.02 0.18 61 56 50 50 54.25 1.808 0.460 0.038 0.018 
2.23 0.18 30 21 20 35 26.50 0.883 0.231 0.038 0.009 
2.44  0.00  0  0  0  0  0.000  0.000  0.000 0.000 0.000 
  
Average velocity (m/s) 0.548     
  
Total discharge (m3/s) 0.318 
 
Temperature (°C) 27.60 
pH 6.88 
Electrical Conductivity (µs/cm) 68.60 
Dissolved Oxygen (mg/L) 3.03 
Total Suspended Solids (mg/L) 
  11.00 

 
Calibration  
   

For 0.00 < n < 1.74   V = 0.0123 + 0.2473 * n (Merkley, 2002)  
 
 
For 1.74 < n < 10     V = -0.0042 + 0.2568 * n (Merkley, 2002) 

V: stream velocity (m/sec) 
 
n: number of propeller revolution per second  
 
 
 

Segment Area AN = 
56 (76�76 ! )8(76&!�76)"   

 
  
 
Segment Discharge = 9:.: from equation 2.3 
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2.5. 3.2 important parameters values 

 

SN Parameter  Value 
1 Proposed Installed Capacity 97kW 
2 Proposed Available Gross Head 42 m 
3 Net Head of the Project 41m 
4 Design Flow 0.32 m3/sec 
5 Proposed length of the headrace channel 200m 
6 Proposed length of penstock path 100m 
7 Proposed average pipe diameter 400 mm 
8 Penstock pipe material Steel 
9 Turbine Type  Horizontal Shaft Francis 
10 No. of load centers 2 
11 Total length of transmission line 0km 
12 Total Length of Distribution Lines 2.5km 
13 System Voltage 380V 

Chapter three. Conceptual Designs 

3.1 General 
 
Locating the sites for the weir, path of the channel and penstock and the powerhouse properly is very 
important for the sustainability and optimum performance of any hydropower generation scheme (EWSA, 
2011). The weir is located in such a way to utilize the maximum possible and available energy head. At the 
same time, the location relevant to the river morphology minimizes the sediment intrusion to the 
diversion and support optimum diversion facility for the required quantity. The space available in the 
river at the barrage location is enough to locate all the necessary structures for control of the diversion 
and intake (EWSA, 2011). 
In case where the river morphology is unfavorable for the control of sediment intrusion, proper design 
measures are adopted to avoid or minimize the sediment intrusion. The location and river geometry allow 
economizing of the structural design and favor stable design both structurally and hydraulically (EWSA, 
2011). The channel and penstock favor structurally stable and economical design as well as easy 
construction. Generally the entire channel traces are not easily accessible. Stable mountain slopes, erosion 
control of the slopes are generally required conditions to meet stability of the channels (EWSA, 2011). 
The powerhouse is located to enhance the full utilization of the available energy head. At the same time 
the location supports a structurally sound and economical design of the powerhouse and the machine 
floor. The powerhouse is located close to the river to enable efficient discharge of the used water into the 
river, which is situated above the high flood level (EWSA, 2011). 
 
This chapter presents the details of various alternative configurations considered during the 
reconnaissance survey at the proposed site of the Bukaba micro-hydropower plant. Out of the numerous 
alternatives the major alternatives that may be feasible and worth considering are discussed here. 
 
The Figure 3.1 shows the longitudinal section along the river starting close to the proposed barrage site 
up to the location of the powerhouse. The plan of the same reach is shown in Figure 3.2. Looking at both 
Figures and the site conditions the decision on locating the barrage was reached at the preliminary site 
reconnaissance survey. Two barrage locations were suggested at this initial reconnaissance survey. They 
are shown as locations ‘A’ and ‘B’ on the Figures 3.1 and Figure 3.2. Any other locations downstream of 
the location B would not be feasible because of Nyabarongo marshland as observed during the site survey. 
Any other location upstream of the location A would not increase the head significantly but corresponds 
to the shift upstream. 
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Figure 3. 1 Longitudinal section of  the BUKABA river (EWSA, 2011). 
 

 
 
Figure 3. 2 Plan of  the river path (Ingenieurs-Conseils, et al., 2008) 
 
It will increase the length of the conveyance structure. Also this location will force the conveyance system 
to the district road. The Locations A and B are located on either side of small hill rock around which the 
Bukaba river flows. Both these locations try to maintain the same barrage height (EWSA, 2011). 
 
 
3.2 Penstock Hydraulic Calculations 
 

� Internal diameter penstock calculation 
 

Practical and empirical equations used to determine the diameter of a penstock is given by equation (3.1) 
as shown in Figure 3.3 Using the head loss condition (Atil, 2000), 
 ℎ< = =1<′�1

>?/A ≤ 0.05EFGHII                                                 Equation (3.1) 
   
Ludin – Bundschu has given empirical equations to compute the economical pipe inner diameter by 
depending on the head shown in the Figure 3.3, (Atil, 2000) 
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Figure 3. 3 Gross head (Atil, 2000) 
 EFGHII < 100L → N = (0.05
O)-/Pm                                       Equation (3.2) 
 EFGHII > 100L → N = [(5.2
O)/EFGHII]-/Pm (Atil, 2000)                       Equation (3.3) 
 
As Q = 0.32m3/s and V= 0.55 m/s from site survey calculation (Table 2.1). Equation (3.2) will be used. 
 
 = 9 × . → 9 = T=                                                      Equation (3.4)   

Where, 
Q = design flow in m3/s  
V = velocity of the water flow (m/s) 
D = Internal diameter of  pipe in mm 
                                      


 = 9 × . → 9 = 
. = 0.320.55 = 0.58L 

 

9 = WN"
4 → N = 2X9W = 2X0.58W = 0.85L 

 
Hydraulic radius=Y = 7" = Z.[\" = 0.43L  
From the Figure 3.3, the slope angle of the penstock will be assumed as α = 450 and the length of the 
penstock will be, ]′ = ^]" + EFGHII"  
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^(42" + 42") = 59.4L 
 
Manning coefficient = n = 0.014 (Penche, 2004) from the Appendix A6, if we consider the penstock 
fabricated in concrete (steel forms smooth finish). 
The head loss, ℎ< = =1<′�1

>?A                                                             Equation (3.5) 

   = 0.55 × 59.4 × Z.Z-`1
Z.`O?A = 0.0196L     

0.05H=0. 05*42=2.1m 
0.05H>0. 0196m, then Vmax =0.55m/s velocity may be accepted in penstock, then, using empirical 
diameter equations: E = 42L < 100L → N = (0.05
O)!b (Atil, 2000),                              Equation (3.6) N = 0.4L = cddee 
 
The internal diameter of  pipe is 400 mm 
 
3.3 Net Head Calculation 

 
Once the gross head has been measured, an applicable factor must be determined to allow for losses 
through the penstock to calculate the net head available at the site (Padden, 2010). 
The net head is the gross head minus the applicable losses. Due to friction, useful energy and pressure are 
‘lost’ or ‘dissipated’ when a fluid flows through pipes (Padden, 2010). 
 
Bernoulli’s equation indicates that the energy balance for an incompressible flow should be maintained as 
follows: P- + ρgh- + jk!1" = P" + ρgh" + lk11"  (Padden, 2010)                          Equation (3.7) 

 
Where:  
P = pressure (Pa) 
ρ = density (kg/m3) 
g = acceleration due to gravity (9.81 m/s2) 
h = height (m) 
v = velocity (m/s) 
 
The energy balance will be maintained in a pipe (penstock) but energy will be lost in proportion to the 
inner surface of the pipe as defined by the Reynolds number. 
The Reynolds number “R” is defined as (Padden, 2010): 
 Y = .. 7m                                                               Equation (3.8) 
 
Where V = Mean speed of the flow (m/s) 
D = A nominated characteristic length of the system (in the case of a hydropower penstock, the diameter), 
v = the kinematic viscosity of the fluid 
The kinematic viscosity of water is temperature dependant and the viscosity of the water flowing through 
a penstock will also depend on the nature and the characteristics of the catchment area (soil content, 
pollution, etc.) (Padden, 2010). A value of kinematic viscosity of water is determined considering the 
temperature of water measured on the site: 
Calculation: 
R = 0.55*0.4/ v (Padden, 2010) 
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T = 27.60C (from the site survey Table 2.1) 
 
The kinematic viscosity was calculated by interpolation of the value which corresponds to 200C and 300C 
(Appendix A7) as follows (Padden, 2010): 
 	" = (n1�n!)(mA�m!)nA�n! + 	-                                                 Equation (3.9) 

      = ("P.o�"Z)(Z.[Z-�-.ZZ`)OZ�"Z + 1.004 = 0.849 × 10�oL"/p  
 R = 0.55 × Z.k̀ = 0.55 × Z.`Z.[`r × 10�o = 2.6 × 10\   
 
The value of the Reynolds number therefore depends on the temperature of the water, the site conditions, 
the penstock diameter and the water flow which can be calculated from values of V (measured mean 
speed of the water), D (measured diameter of the penstock) and kinematic viscosity of water v . 
 

Both the friction coefficient and the Reynolds number were determined to calculate the head loss. The 
friction coefficient depends on the height of the surface bumps in the pipe (e) relative to the diameter of 
the pipe (D). This is termed “Relative Roughness” and is calculated from e/D where “e” is the roughness 
height of the pipe and D is the diameter of the pipe. A value of “e” is determined by reading the table 
provided in Appendix A7 (Padden, 2010)  
 
Once e/D (relative roughness) is determined, the friction coefficient can be obtained from the “Moody 
Diagram” as shown in Figure 3.4 (Padden, 2010) 
 
Reynolds number of 2.6x105 and calculated relative roughness is e/D =0.025/0.4 = 0.06 and a friction 
coefficient (f) is determined by following the curved line from the relative roughness value (on RHS) to 
the intersect of the Reynolds Number line and from this point, a line is projected to the left to read the 
friction (resistance) coefficient (Padden, 2010). 

 
Figure 3. 4 Moody Diagram to determine friction factor (Penche, 2004). 
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� Friction factor calculation: 
 
It is often effective to solve for this friction factor using the above Moody Chart as follows (Adiutori, 
2009): 
 

1. The line referring to our relative roughness is on the right side of  the diagram. In that case, there is 
a printed line (correspond to 0.06). 

2. This line to the left curves up until to reach the yellow vertical line, corresponding to our BUKABA 
river flow's Reynolds Number (2.6x105) (Adiutori, 2009). 

3. This point is marked on the Chart. 

4. Using a straight edge, the point straight left, is followed parallel to the x axis, until one reaches the 
far left side of  the chart. 

5. We read off  the corresponding friction factor which is 0.077  

Or as shown in yellow line, a calculated Reynolds number of 2.6 x 105 and calculated Relative Roughness 
of 0.06 would mean a friction factor (f) of 0.077. The friction coefficient is determined by following the 
curved line from the Relative Roughness value (on RHS) to intersect of the Reynolds Number line and 
from this point, a line is projected to the left to read the friction factor (Padden, 2010). 
 
The head loss due to friction is then determined from the following “Darcy-Weisbach” Formula (Padden, 
2010): 
 Es = t $<>( × $=""F(                                                       Equation (3.10) 

 
Where: Es= head loss (m) 
f = friction factor 
L = length of pipe work (m) 
R = hydraulic radius of pipe work (m) 
V = velocity of fluid (m/s) 
g = acceleration due to gravity (m/s) 
It was noted that “for a round pipe with full flow the hydraulic radius is equal to ¼ of the pipe diameter” 
and the head loss due to friction may also be calculated from the following formula (Padden, 2010): 
 Es = "s<=1

7F                                                              Equation (3.11) 

 
Where:  Es  = head loss (m) 

f = friction factor 
L = length of pipe work (m) 
D = inner diameter of pipe work (m) 
V = velocity of fluid (m/s) 
g = acceleration due to gravity (m/s) 
 
Knowing the friction factor Figure 2.6 we can calculate the energy losses in the penstock as follow: 
 Es = "s<=1

7F = 2 × 0.077 × 100 × Z.\\1
Z.` × 9.81 ≅ w. xe    

     
The net head is 42m-1.2m = 40.8m ≈ 41m 
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Penstock efficiency nyz{ = |}~�|����� (Padden, 2010)                              Equation (3.12) 

nyz{ = `-`" × 100 = 97.6%   
 

3.4 Calculation of Power Output 
 

Once the net head (H) and water flow rate (Q) have been determined, the calculation of available power 
(P) is straightforward and can be established from the formula (TEPCO, 2005): 
 � = �Z��F = 9.81
E��F (��)                                            Equation (3.13) 
 
Where, P = Power output, ηtg = Combined efficiency of generating equipment = Turbine efficiency (ηt) 
× Generator efficiency (ηg ) (TEPCO, 2005). 
 � = 9.81 × 0.32 × 41 × 0.72 = ���� 
 
For a rapid assessment of yearly power availability from a given site a standard factor of 4380 is used to 
“allow for certain variations in the daily flow over the different seasons” (TEPCO, 2005) . Annual Energy 
Output = (�
�E × 4380). This application of this factor provides an estimated power output from a 
given scheme over a year only. This is sufficient for a rapid assessment of a site but a more detailed 
calculation of annual energy output must be used before a payback analysis can be realistically completed 
(TEPCO, 2005) . 
Annual Energy Output = �
�E × 4380(TEPCO, 2005                          Equation (3.14) 
 
                  = 0.72 × 0.32 × 9,81 × 41 × 4380 = cd� × wd�KWh/year 
 
3.5 Barrage and powerhouse Location options 
 

 
 
Figure 3. 5 Picture showing the location for the barrage and proposed location of  power house. 
 
For the maximum utilization of the available head the powerhouse should be located towards the end of 
the steep riverbed slope. Therefore, best location of the powerhouse is seen on the right bank closer to 
the end of the river rapids. The powerhouse is located little away from the river and in turn at a higher 
elevation compared to the riverbed to avoid inundation due to floods (HPI, 2011). 
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Chapter four. Hydrology and Geology 

4.1 Introduction 
 
The main objectives of the hydrologic study of a small or micro hydropower scheme are the 
characterization of: 

� The run off at the water intake of the scheme in order to allow the determination of the design 
discharge, and, thus, the design of the water intake, of the diversion circuit and of the 
powerhouse, as well as the evaluation of the energy production (Portela, 2000); 

� The floods or, more precisely, the peak flows, to consider in the design of the weir, of some of 
the diversion works and of the powerhouse (for instance, if the turbines are of the Francis type 
they are located above the water surface elevation in flood conditions, at the powerhouse outlet) 
(Portela, 2000). 

 
The amount of energy that can be generated depends on the amount of water available in a river. The 
determination of the amount of water available in the river and its distribution throughout the year are 
vital at the planning and design stages of a hydropower scheme (HPI, 2011). So, a long record of 
discharge in the BUKABA river is necessary, though, such discharge records for long periods are not 
often available (HPI, 2011). However, if long records of rainfalls are available and based on knowledge in 
hydrology such records can be used to estimate discharges in rivers. Using the discharge records, the 
availability of water can be determined based on flow-duration relationships. Maximum floods that can be 
expected in a river are also very much required to design various hydraulic structures in a hydropower 
project (HPI, 2011). 
 
4.2 Basic information required for the hydrologic study  
 
The basic hydrologic data required for the evaluation of the energy production in a small or micro 
hydropower scheme is the mean daily flow series at the scheme water intake in a period that is long 
enough to represent, in average, the natural flow regime (Portela, 2000). Therefore, it is reasonable to 
assume that the errors of the estimates that result from the variability of the natural flows are minimized 
(Portela, 2000). 
 
All the relevant data were collected from the relevant authorities of the government. The following data 
required for the study were collected. 

� Maps of the catchment area, 
� Rainfall data, 
� Temperature, 

The rainfall and temperature data are used to calculate the hydrological responses of the catchments. The 
accuracy at which the analysis is done should be adequate for proper estimation of the diverted water 
from the given rivers (HPI, 2011). 
The water diversion amounts are directly affected by the rainfall received in any given year. Considering 
the rainfall variability among various time periods a very accurate estimation of a given quantity for 
diversion continuously may provide very uneconomical design. Therefore, the schemes are designed for a 
diversion with the associated time related reliability (HPI, 2011). 
Time averaged data considering small periods for large number of such periods can provide the flow 
duration curves with same accuracy as the detailed analysis shows (HPI, 2011). 
Therefore, in this study the data were collected on monthly intervals but for long periods as availability 
permits. 
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4.3 Rainfall 
 
There is one near rain gauging station available within the catchment. The details of the rain gauging 
station are given below. 
 
Table 4. 1 Location of  the influencing rainfall gauging station 
 
 Latitude  Longitude Period of data 

availability 
Rushashi -1.720 29.850 1970-1993 
 
There were a few missing data in the rainfall records and they were filled by using the rainfalls in the other 
years at the same station (Omar, 2010). 
Data for 23 years from 1970 to 1993 were used in the study. Table 4.2 shows the mean of monthly 
rainfalls of the Rushashi station used in the analysis. Figure 4.1 presents monthly rainfall distribution of 
the station (Omar, 2010). 
 
Intra-annual variability of  total monthly rainfall and mean monthly temperature from selected climate 
stations, illustrated for the data of  1970–1993, are presented in Figure 4.1 and Figure 4.2. 
 

 
Figure 4. 1 Intra-annual variability of  total monthly rainfall, illustrated for the data of  1970–1993 (Omar, 
2010). 
Figure 4.1 shows the annual rainfall variation over the 23 years period considered in the study It also 
shows the rainfall trend, which is found to be slightly increasing (Omar, 2010). The interesting behavior is 
that the dry year rainfalls as well as the wet year rainfalls are increasing. This yields better prospect for 
run-of-the river type micro-hydropower schemes because this means that the low flows will increase with 
time. 
From the graph of the Figure 4.1 we can complete the table to consider Rushashi as nearest rainfall 
station of Bukaba catchment area and draw the monthly average rain gauge values at Rushashi as follows: 
 
Table 4. 2 Monthly average rain gauging station at Rushashi 
 

 Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean 100 130 170 235 135 30 10 50 115 155 175 112 
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Figure 4. 2 Mean rainfalls at the Rushashi rainfall gauging station  
 

4.4 Geology and Environmental Considerations 

The proposed site should be geologically suitable for the project and the adaptation of proposed 
measures and recommendations are important to the success of the project (EWSA, 2011). The proposed 
weir location is good enough for the project but excavation of top soil up to the bedrock is important. 
We do not rely on available boulders at the location when constructing the weir and they have to be 
removed before constructing the weir. Bedrock dipping towards the upstream and this is a very important 
condition to construct a reservoir because of less seeping of water downstream (EWSA, 2011). 

Soil profile along the channel path would be suitable for channel construction as the materials are 
medium hard, and could be easily excavable according to the site observations. Keeping sufficient space 
between the end of the slope and the channel as well as in between channel and the above cut is 
important to minimize possible failures (EWSA, 2011). Establishment and maintaining proper drainage 
system around structures will help to minimize possible failures. This is important for the proposed 
forebay location. Established drains have to be well lined to stop infiltration of water gathered in rainy 
seasons (EWSA, 2011). 

4.4.1 Catchments erosion and silting 
 

4.4.1.1 General 

 
It is widely recognized that accelerated soil erosion is a global problem with significant financial and 
environmental consequence (EWSA, 2011). Soil erosion leads to a number of problems at both on and 
off sites. The effects are particularly important on agricultural lands, resulting in reduction of cultivable 
soil depth and fertility decline (EWSA, 2011). The final consequence is a loss of productivity leading to 
land abandonment. Soil erosion also gives rise to severe problems on hydropower projects resulting from 
sedimentation of reservoirs and forebay built in the upper and middle reaches of river basins. This 
reduces their capacities and thereby shortens the design life of the water pools (EWSA, 2011). In addition, 
large boulders and gravels may be transported in the headwater reaches causing severe damage to 
hydraulic structures. On the other hand, the transport of fine sediments can cause excessive wear of 
pumps and turbines leading to high maintenance costs (EWSA, 2011). 
Therefore, it is very essential that due consideration be given to identify the causes of erosion, its 
consequence on the proposed project and also to plan any conservation measures that can be adopted in 
these catchments to minimise erosion hazards (EWSA, 2011). 
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4.4.1.2 Catchment Erosion 
 
Out of the two major erosion types that are due to rainwater and wind, the rainfall driven erosion process 
appears to be the primary cause of soil erosion in the catchment areas of the BUKABA MHP project. 
Deforestation and cultivation practices presently adopted on sloping lands are regarded as major 
contributors to increasing soil erosion (EWSA, 2011). 
Rainfall driven erosion is a two phase process consisting of the detachment of individual particles from 
the soil mass and their transport by running water (EWSA, 2011). Due to deforestation, most of the areas 
in the catchments are having a poor plant cover. As a result raindrops strike bare soil surface, for which 
soil particles may be thrown through the air over distances of several centimeters (EWSA, 2011). 
 
All these processes loosen the soil so that it is easily removed by rainwater. Most of these erosional 
features are clearly visible on sloping lands of the BUKABA MHP project catchments (EWSA, 2011). 
The severity of erosion depends upon the quantity of material supplied by detachment and capacity of the 
eroding agent mainly rainwater to transport it (EWSA, 2011). Where the rainwater has the capacity to 
transport more material than is supplied by detachment, the erosion is termed detachment limited and 
where more material is supplied than can be transported; the erosion is transport limited (EWSA, 2011). 
The identification of which factor, detachment or transport, as limiting the erosion process is important 
as the success or failure of conservation measures rely upon applying correct remedies (EWSA, 2011).  
Not much field data are available in the catchments of the proposed Bukaba site to recognize which 
phenomenon governs the erosion process. However, the upper reaches of these catchments are subjected 
to severe erosion as can be seen from various erosional features of the sloping lands and also high 
sediments (EWSA, 2011).  

 

4.4.1.3 Land cover, Vegetation and Agricultural Practice 
 
The land cover and the vegetation are vital in the control of soil erosion. In Rwanda, nearly all the lands 
in the mountain regions are used to cultivate either seasonal or permanent crops. The seasonal crops are 
potatoes, sweet potatoes, beans, sugarcane and bananas. The permanent crops are the eucalyptus 
cultivation (HPI, 2011). 
Eucalyptus is the essential fuel wood used for cooking in Rwanda. The practice is used to produce 
charcoal, which is distributed throughout the country and used in homesteads for cooking. Therefore, the 
eucalyptus timber is harvested periodically and at such times exposing the ground until the plants are 
regrown (HPI, 2011). 
The undergrowth in these plantations is generally grass, covering most of the ground and thereby 
reducing the erosion to satisfactory levels. However, in the places where the grass types are not capable in 
binding soils to prevent erosion from high water flows have given way to rill erosion. This type of erosion 
is mostly common in the bottom parts of the mountains where high flows are generated from sizable 
upper catchments (HPI, 2011). 
 
Very significant damage to the topsoil is happening in the areas where seasonal crops are cultivated. The 
agricultural practice seen in all the areas in Rwanda is to loosen the topsoil of the mountain slopes and 
plant their seedlings (HPI, 2011). When drainages are not provided the collected water runs on the 
loosened topsoil carrying the maximum possible amount of sediments with it (HPI, 2011). If the drains 
are provided the erosion is controlled but still it contributes a high amount of sediments as the mountain 
slopes are very steep. This agricultural practice can be seen in the Figure 4.3 and it is uniform in all parts 
of the mountainous country (HPI, 2011). 
 
Whether the cultivation is permanent or seasonal, another factor affecting the erosion of the topsoil is the 
grazing by livestock. Raising cattle and other livestock are seen in many parts of the country. Both the 
grazing and hooves damage and loosen the topsoil on the steep mountain slopes, which in turn 
contribute to sediments during heavy rains which are common in the BUKABA MHP area (HPI, 2011). 
However, this will be a long-term solution coming with educating the public on soil conservation (HPI, 
2011). 
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Figure 4. 3 Agriculture along the river 
 

4.4.2 Environmental Impact Assessment and its identification 

 
The purpose of an environment impact assessment applied to micro-hydro power plant consists in the 
evaluation of the favorable and unfavorable impacts. In what concerns the two categories of impacts, is in 
natural and social environmental contexts (Ramos, 2000). Natural impacts include hydrology and 
sediment effects, as well as the water temperature and quality, ecology, engineering construction, biology, 
soils and geology, noise and, eventually local, climate change. Social impacts involve social, cultural and 
economic development inducing local industrialisation and changes in citizens’ quality of life as well as 
potential people displacement due to submersion by the reservoir. (Ramos, 2000). 
 

4.4.2.1 Water quality  
 
Water in natural rivers is never completely pure, varying, considerably, in the range and in concentrations 
of dissolved substances present, such as suspended particles, pH and temperature (Betâmio de Almeida, 
2000). Fast-flowing streams and rivers, normally, have high oxygen levels absorbed from the atmosphere 
due to natural turbulence. Still waters, such as reservoirs or forebays have highly variable levels that may 
range from a minimum during groups’ operation to a maximum during non-operation period. 
Stratification can occur that in upper layer is well oxygenated and in the lower layer there is no contact 
with the atmosphere, thereby suffering oxygen depletion (Betâmio de Almeida, 2000). 
Nevertheless, in these types of systems, there is no significant change in water temperature. (Betâmio de 
Almeida, 2000). During the site visit some of the said parameters were measured. 
 

4.4.2.2 Air and pollution    
 

Micro-hydropower plants produce no carbon dioxide, sulphur oxides or nitrous oxides, no air emissions 
and no solid or liquid wastes. Nevertheless there are impacts by retaining water and inducing sediments to 
settle down (Ramos, 2000). 
The worlds concern about planet global warming phenomenon essentially due to CO2, SO2, NOx 
emissions in energy generating process is with fossil fuels. The problem for the future of nuclear wastes, 
more and more will be emphasized in the advantages of energy production through renewable sources. 
Micro-hydropower represents an important environmental benefit to aid sustainable development 
because there is no release of carbon dioxide that contributes to ozone depletion and global warming 
(Ramos, 2000). 
 
Micro-hydropower does not require high dams because the majority of them are run-of-river schemes, 
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meaning simply that the turbine only generates when there is available water. A minimum daily storage 
and flow regulation is typically guaranteed. When the river dries up the generation ceases (Ramos, 2000). 
  

4.4.2.3 Noise  
 
The noise produced during hydropower operation caused by turbine, generator and the cooling 
ventilation, is transmitted to the powerhouse structure and can be harmful to the external or outdoor 
environment (Ramos, 2000). The external noise level can be minimized by improving the acoustic 
isolation of the powerhouse and turbine, controlling vibrations of the ventilation system, improving 
hydrodynamic design of hydraulic structures and by using non-reflecting and sound absorbing materials 
such as fiberglass mat, false ceiling and heavy mass trap doors (Ramos, 2000). 
 
Environmental considerations of micro-hydropower projects start with the conceptual planning and last 
through the operational phase until the eventual decommissioning of the project. The nature of the 
environmental effects varies significantly during these phases. Although the main focus is often on the 
“closure of the weir” type of problems, the activities and the behavior of the contractor during 
construction or the owner during operation may be equally significant to those affected (Ramos, 2000). 
 
In the context of micro-hydropower development, environmental effects have traditionally been equated 
with negative environmental and socio-economic impacts such as flooding of land, dry beds and 
relocation of people sometimes (REMA, 2011). Such impacts do exist (as given in Table 4.3). However, 
some of these aspects will not be considered greatly in this particular case since this Project area is located 
away from human settlements. 
Table 4.3 Potential negative impacts and mitigating measures available for micro-hydropower projects 
(MININFRA, 2011; REMA, 2011). 
 
Table 4. 3 Potential negative impacts and mitigating measures 
 
Potential Negative Impacts Potential Mitigation Measures 
Direct  

1. Negative environmental effects of 
construction: 

1. Measures to minimize impacts: 

Air and water pollution from 
construction and waste disposal 

Air and water pollution control at time of 
construction. 

Soil erosion Careful location of camps, 
buildings, buried pits, quarries, 
spoil and disposal sites  

Destruction of vegetation Precautions to minimize erosion 

Mitigating measures especially 
minimizing erosion with grass 
planting are recommended to be 
followed during construction along 
Bukaba river and its affluent. 

 

2. Loss of land (agricultural, forest, range, 
wetlands) by inundation to form reservoir. 

2. Sitting of weir to decrease losses, 
decrease of weir or reservoir size, and 
protection of equal areas in region to 
offset losses, creation of useable land 
in previously unsuitable areas to offset 
losses. 

Mitigating measures were adopted during designs and very 
small reservoir is formed at Bukaba micro-hydropower plant 
weir. 

 

3. Increase in humidity and fog locally, 3. Vector control. 
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creating favorable habitat for insect 
disease vectors (mosquitoes, etc) 
Reservoir size is small and this 
Impact is supposed to be minimal. 

 

Indirect  
4. Uncontrolled migration of people into the 

area made possible by access roads and 
distribution lines. 

4. Limitation of accesses, provision of rural 
development, and health services to try to 
minimize impact. 

External  
5. Poor land use practices in catchment areas 

above reservoir resulting in increased 
siltation and changes in water quality. 

5. Land-use planning efforts that include 
watershed areas above dam or weir. 

The local authorities are requested to educate the people 
about better land use practices. 

 

 
4.4.3 Other General Environmental Issues 

 
The most central environmental problems and issues and possible remedial measures are (HPI, 2011). 
 

� Loss of land, scenic beauty and other natural resources. 
� Relocation of people, homes, economic activities and infrastructure. 
� Removal of trees and other biomass from area to be flooded. 
� Use of reservoir for, recreation, water supply, irrigation, etc, 
� Reservoir water body as source of water borne diseases. 
� Loss of water through evaportranspiration (HPI, 2011). 

 
These factors are diverse and are project specific. Each issue and its relationship to other factors needs to 
be analyzed individually and specifically in its real setting: general conclusions on mitigative actions will 
have little meaning (HPI, 2011). 
Separate development project need to be identified where relocation of significant number of people is 
involved. The preferred solution will be to work with the affected people and create a demand for 
relocation among them and thereby avoid forced displacement. (HPI, 2011). 
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Chapter five. Application of RETScreen to BUKABA MHP Case Study 

5.1 Introduction 
 
The RETScreen Software Suite is a unique decision support tool developed with the contribution of  
numerous experts from government, industry, and academia. The software, provided free-of-charge, can 
be used worldwide to evaluate the energy production and savings, costs, emission reductions, financial 
viability and risk for various types of  energy-efficient and Renewable-Energy Technologies (RETs) 
(RETScreen, 2004).  
The RETScreen software runs on Microsoft Excel environment. It can be used world-wide to easily 
evaluate the energy production, life-cycle costs and greenhouse gas emissions reduction for central-grid, 
isolated-grid and off-grid small hydro projects, ranging in size from multi-turbine small and mini hydro 
installations to single-turbine micro hydro systems (RETScreen, 2004). 
 
Evaluation of  a micro hydropower scheme in RETScreen involves completion of  many input data 
provided in a number of  worksheets. Each of  these sheets is explained briefly in the following paragraphs 
for helping to access the scope of  this thesis (RETScreen, 2004). 
 
5.2 Start Sheet  
 

The start sheet of  the RETScreen for the application of  Bukaba MHP project is presented in Figure 5.1 
 
 
Clean Energy Project Analysis Software 

 
Figure 5. 1 Start Sheet of  RETScreen 
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The start sheet part two of  the RETScreen for the geographical and climate data location of  Bukaba 
MHP project is shown on the Figure 5.2 

 
 
Figure 5. 2 Start Sheet part two RETScreen of  climate data location of  BUKABA MHP 
 
Grid type can be central grid, isolated grid or off-grid. Since the electricity generated in Bukaba MHP is 
given to the rural area, isolated grid is selected (Mutlu, 2010). 
Analysis types. It is selected according to the extent of  the available information. Method 2 requires 
more detailed information than Method 1 and it is preferable to use Method 2 if  sufficient amount of  
information is available. In this case, Method 2 is selected (Mutlu, 2010). 
Heating value is a measure of energy released when fuel is completely burned. For hydropower projects, 
this value is important only if emission analysis will be carried out. In this study, emission analysis is not 
carried out (RETScreen, 2004).  
Site reference conditions in this section of the start sheet, the user enters the climatic data (such as air 
temperature, relative humidity, wind speed, etc.) of the project area or copy them from the RETScreen 
climate database. These data are displayed when “Show data” is ticked. Thus, in this study the climate 
data entered was for Kigali as climate data location (RETScreen, 2004). 
 

5.3 Energy Model Sheet 
 
As part of the RETScreen Clean Energy Project Analysis Software, the Energy Model worksheet is used to 
help the researcher calculate the annual energy production for a small hydro project based upon local site 
conditions and system characteristics. Results are calculated in common megawatt-hour (MWh) units for 
easy comparison of different technologies (RETScreen, 2004). 
The first part of  the energy model sheet of  RETScreen for the application of  Bukaba MHP project is 
presented in Figure 5.3 
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Figure 5. 3 Bukaba MHP, Energy Model part 1 
 
At most sites, during high flows, the tailwater level rises more than the level upstream of the intake and 
causes a reduction in the gross head.  Consequently, during these periods, less power and energy are 
available. The tailwater effect can be significant, especially for low-head sites. Since no information is 
available for this case, maximum tail water effect is entered as zero (RETScreen, 2004).  
 
Residual flow: The researcher enters the residual flow that must be left in the river throughout the year 
for environmental reasons. The residual flow is deducted from the available flow as part of the calculation 
of available energy. A value of 0 can be used initially but will lead to optimistic results. (RETScreen, 2004). 
Percent time firm flow available is taken as 95 %. RETScreen suggests a value between 90 % and 
100 %. In this study, 95 % is used (RETScreen, 2004).  
 
Turbine efficiency: The researcher selects the turbine efficiency curve data source from the two options 
in the drop-down list: "Standard" and "User-defined." By selecting "Standard" the model calculates the 
efficiency curve for the selected turbine type (RETScreen, 2004). Note: The "Standard" efficiency curve 
as calculated by the model for "Francis" turbines applies for projects with net heads (gross head less 
maximum hydraulic losses) between 30 m and 1,000 m. For BUKABA MHP "Standard" was selected 
(RETScreen, 2004). 
 
Also with the efficiency adjustment, these efficiency curves can be adjusted and can be used in the 
sensitivity analysis. For Bukaba MHP’s Francis turbines, standard efficiency curves of RETScreen are 
utilized with -1% adjustment. The turbine efficiency curve generated by RETScreen is shown in Figure 
5.4. 
 
Turbine efficiency at design flow: The model calculates the turbine efficiency at design flow (%) for 
the type of turbine selected. This value can range from 80% to over 90%.  
Note:  If "Standard" is selected as the "Turbine efficiency curve data source," the model calculates the 
efficiency curve for the selected turbine type (RETScreen, 2004).  
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Figure 5. 4 Turbine efficiency for one turbine, Bukaba MHP 
 
Design coefficient is a dimensionless factor in order to adjust the turbine efficiency by taking into 
account varying manufacturing techniques. Typical values range from 2.8 to 6.1 and the default value is 
4.5. Since no information is available for the manufacturing technique of  the turbines, the default value is 
used in this study (RETScreen, 2004). 
 
Efficiency adjustment: The researcher enters an adjustment factor for the turbine efficiency.  The 
adjustment, expressed as a percentage, applies to the entire efficiency curve. The turbine efficiency 
adjustment can be varied as part of a sensitivity analysis to determine the effect of possible differences in 
turbine efficiency and to make adjustments to the calculated turbine efficiency curve, if required. Values 
in the range of -5 to +5% may be used (RETScreen, 2004). In this study we take -1%.  
 
The second part of  the energy model sheet of  RETScreen for the application of  BUKABA MHP is 
shown in Figure 5.5. 
 
In Figure 5.5, the “Flow” column is available and data from it is entered in this case manually according 
to the graph (Figure 4.6). RETScreen uses the flow data gross head, losses and turbine characteristics to 
calculate power capacity and electricity generated (RETScreen, 2004). 
 
Maximum hydraulic losses, RETScreen suggests a value 5 % to be used for most hydropower plants.  
 
Miscellaneous losses include the transformer losses and parasitic losses. A value of  2 % is appropriate 
for most hydropower plants (RETScreen, 2004). Therefore, miscellaneous losses are taken as 2 % in total 
for Bukaba MHP. 
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Figure 5. 5 BUKABA MHP, Energy Model part 2 
 
Availability of  the power plant can also be entered by the researcher. The power plants can sometimes 
be out of  order for several reasons such as maintenance or turbine failure. RETScreen suggests 96 % 
availability for a typical plant (Penche, 2004). Since there is one turbine in BUKABA MHP, availability was 
taken as 96 %. 
 
Generator Efficiency is taken as 96% for small generator (RETScreen, 2004).  

 
Available flow adjustment factor is intended to allow the researcher to adjust the capacity factor and 
electricity exported to the grid. This factor was entered as unity in this study, meaning that the flow values 
were not changed (RETScreen, 2004). 

 
5.4 Cost Analysis Sheet and Hydro Formula Costing Method Tool  
 
After filling the energy model sheet, the software directs the researcher to complete the cost analysis sheet. 
RETScreen offers two types of  cost estimations. The first one is a detailed cost estimation based on 
estimated quantities and unit costs. This cost estimation method is carried out in the cost analysis sheet 
(RETScreen, 2004). The researcher can enter the pre-calculated quantities and unit costs for specific items. 
In this case the total initial cost of  the BUKABA MHP project was calculated by the costing formula 
method tool entered as “Road construction” (Mutlu, 2010) cost into the cost analysis sheet as can be seen 
in Figure 5.6.  
 
The second cost estimation method offered by RETScreen is “hydro formula costing method”. This 
method is available in the “tools sheet” (RETScreen, 2004) . The hydro formula costing method tool 
estimates the project costs using the empirical formulae derived from the costs of  numerous completed 
small hydro projects (RETScreen, 2004). Since costs associated with various construction items, 
engineering and development works are not available for BUKABA MHP project, hydro formula costing 
method is used to estimate total initial costs (RETScreen, 2004). 
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Figure 5. 6 Cost analysis sheet, BUKABA MHP 
 
However, RETScreen cannot automatically use this calculated total initial costs in financial analysis and 
requires the researcher to externally input this value into the cost analysis worksheet (RETScreen, 2004). 
Thus, the total initial cost calculated by hydro formula costing method was entered into one of the cost 
item methods listed in the cost analysis sheet. For example, the total initial cost of the BUKABA MHP 
project calculated by the costing formula method can be seen in Figure 5.6 and is $CAD 619,000. 
 
5.5 Financial Analysis Sheet 
 
The financial parameters entered into the software are given in Figure 5.7. The following information is 
used: 
Fuel cost escalation rate is taken as 0 % since hydropower plants do not consume fuel to generate 
electricity. Fuel is used only in the construction period to run the construction machinery. Therefore the 
effect of this rate can be assumed to be negligible (RETScreen, 2004). 

The researcher enters the inflation rate (%), which is the projected annual average rate of  inflation over 
the life of  the project. Inflation rate is taken as 3.5 %.  

The researcher used discount rate to calculate the annual life cycle savings. The range from 6 to 11% 
being the most common values (RETScreen, 2004). For BUKABA MHP we take it as 6%  
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The researcher enters the project life (year), which is the duration over which the financial viability of the 
project is evaluated. The model can be to analyse project life up to 50 years (RETScreen, 2004).  

 
The researcher entered the debt ratio (%), which is the ratio of debt over the sum of the debt and the 
equity of a project. The debt ratio reflects the financial leverage created for a project; the higher the debt 
ratio, the larger the financial leverage. The model uses the debt ratio to calculate the equity investment 
that is required to finance the project. For example, debt ratios typically range anywhere from 0 to 90% 
with 50 to 90% being the most common (RETScreen, 2004). Let use 90% for BUKABA MHP. 
 
The researcher entered the debt interest rate (%), which is the annual rate of interest paid to the debt 
holder at the end of each year of the term of the debt. The model uses the debt interest rate to calculate 
the debt payments. This value will be low because the government invests for poor citizens to upgrade 
them for development (EUEI, 2009). We took 2% for BUKABA MHP. 
 
The researcher entered the effective income tax rate (%), which is the effective equivalent rate at which 
the net income and/or savings derived from the project are taxed. Effective income tax rate is taken as 2 % 
for BUKABA MHP.  

Depreciation period is taken as 50 years which is equal to the project life. The percentage of total costs 
to be depreciated (depreciated tax basis) is 90 %. The remaining 10 % accounts for the cost items that 
cannot be depreciated. Depreciation method is selected as straight line (RETScreen, 2004).  

 

 

Figure 5. 7 Financial Parameters, BUKABA MHP 
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Chapter six. Results and Discussion. 

6.1 Available Power Output of BUKABA MHP 

 
From the calculation of  available power output made using the empirical formulae on chapter three, the 
calculated power output was 93kW and, from the use of  RETScreen model sheet of  figure 5.6 the power 
capacity was found out as 97kW. This difference of  4kW if  we compare the two cases of  power 
calculation was given by same values of  different parameters used like turbine efficiency which was taken 
as 72% of  turbine and generator combined efficiency in the case of  power calculation using formulae, 
but for power calculation using RETScreen the turbine peak efficiency was calculated as 86.4% for 
Francis turbine and design coefficient is taken as 4.5 by default because there is no information provided 
from manufacture, and generator efficiency taken was 96% for small generator. 
So, using the power output empirical formulae, the efficiency of  turbine and generator was combined, but 
for RETScreen each was filled separately. Those are some of  the parameters which create this difference. 
 
6.2 Cost estimated of BUKABA MHP 
 
The estimated cost of  BUKABA MHP was found out using RETScreen cost analysis sheet as it is shown 
by the figure 6.1.From this figure there are different ratios which were not used because it was not simple 
to obtain some of  the ratios which were needed to fill it in the hydro formulae costing method like 
Rwandan versus Canadian equipment cost ratio and equipment manufacture cost coefficient, Rwandan 
versus Canadian fuel cost ratio, Rwanda versus Canadian labor cost ratio. Theses require a detailed study 
since the cost estimations could vary with different cost ratios. For that reason those are taken as one to 
make sure that there was no effect about other values, but the result will be the estimated one.  
RETScreen-Small Hydro Software does not allow the researcher to enter a value for the diameter of the 
penstock; instead, this value is calculated by the software using the value entered for the head loss in the 
penstock. The calculated value of the diameter by the software and the value given in the feasibility report 
differ. In the feasibility report, diameter is given as 0.4 meters while it is calculated as 0.46 meters by the 
software. 
 
Facility type is suggested by the software according to the design discharge. In this study it is a Micro 
hydropower according to RETScreen classification of  the projects as shown in Appendix A4. 
According to this classification the facility type is selected as “micro” for BUKABA MHP. 
Tunnel construction is an important item of  the overall cost of  the project. But for this BUKABA MHP 
the tunnel is not required according to the site observations.  
  
In the road construction, the researcher enters a value between 1 and 6 representing the difficulty of the 
terrain through which the access road will be built (RETScreen, 2004). For more information, we refer to 
the Guide for Selecting Access Road Difficulty of Terrain Factors (RETScreen, 2004). We take 1 for 
BUKABA MHP considering the site observations and the guide provided (Appendix A5). 
Penstock: the researcher enters the allowable penstock headloss factor.  It is the ratio of the allowable 
headloss in the penstock(s) compared to the available gross head and is expressed as a percentage 
(RETScreen, 2004).  Typical values range from 1 to 4%. For plants with very short water passages, a 
value of 2% is appropriate. (RETScreen, 2004). So, for BUKABA MHP, 2 % is used and the software 
returned reasonable dimensions for diameter and pipe thickness. 
 
Difficulty of terrain: The researcher enters a factor between 1 and 2 representing the difficulty of  the 
terrain over which the road construction will be constructed. One (1) represents flat terrain and two (2) is 
used to represent mountainous terrain.  This factor is applied directly to the calculated cost of  the road 
construction (RETScreen, 2004). For BUKABA MHP we take 2.  
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Some of the other parameters are filled from what we have observed from the site visit like estimated 
length in rock, penstock length, length of transmission line, etc 
For adjustments factor column, all are taken as one for not disturb the other calculation because there is 
no need of this adjustments when there is no other implemented project of the same type we want to 
compare. 
The initial total cost of  619,000CAD$ was the estimated cost according to RETScreen hydro formula 
costing method, but there is one of  the parameter which is not taken into account like the expropriation 
cost where is necessary. The software considers only economic aspects when calculating total cost of  the 
project. It does not take into account the environmental aspects. It cannot evaluate environmentally 
favorable solutions. The only environmental analysis available in RETScreen is the Emission Analysis and 
it can be used to calculate the emissions reduced when a hydropower project is implemented. Moreover, 
the software ignores earthquake, erosion, and sediment problems. And such problems like erosion and 
sediment exist in the project area, and then the software was used with this as its deficiency. 
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Figure 6. 1 Cost analysis sheet, BUKABA MHP with hydro formula costing method 
 

6.3 Project Cost and Financial Viability of BUKABA MHP 

 
The outputs of  the financial analysis include project costs and income summary, financial viability 
parameters, cumulative cash flow graph and yearly cash flow table. These results are shown in Figure 6.2, 
Figure 6.3, Figure 6.4, and Figure 6.5, respectively. 

 
Figure 6. 2 Project costs and savings/income summary of  BUKABA MHP 
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From the figure 6.2, the total annual cost was 75, 037 CAD$ and was composed by the annual operating 
and maintenance (O&M) cost for the power plant (e.g. lubricants, plant staff, etc) and debt payment. The 
operating and maintenance costs are the sum of  the annual costs that must be incurred to operate and to 
maintain the proposed power plant. It is the sum of  the O&M costs, fuel cost for the proposed power 
plant and debt payments. 
 
The periodic costs (credits) represent recurrent costs that must be incurred at regular intervals to maintain 
the project in working condition. In the case of  BUKABA MHP the energy equipment is assumed to be 
renewed at the end of  35th years. This is shown by the figure 6.2 and figure 6.4. 
 

 
Figure 6. 3 Financial viability of  BUKABA MHP 
 
The pre-tax internal rate of return (IRR) on equity (%) represents the true interest yield provided by the 
project equity over its life before income tax. For BUKABA MHP this is 9.8% according to figure 6.3. 
 
The simple payback (15.9 year) represents the length of time that it takes for a BUKABA MHP proposed 
project to recoup its own initial cost, out of the income or savings it generates. The basic premise of the 
simple payback method is that the more quickly the cost of an investment can be recovered, the more 
desirable is the investment. For example, in the case of the implementation of BUKABA MHP project, a 
negative payback period (15 years according to figure 6.4) would be an indication that the annual costs 
incurred are higher than the annual savings generated.  
 
The equity payback (17.5 years from figure 6.3), represents the length of  time that BUKABA MHP takes 
to recoup its own initial investment (equity) out of  the project cash flows generated. 
 
The BUKABA MHP project is feasible according to RETScreen-Small Hydro Model as the net present 
value and internal rate of return are positive and the benefit cost ratio is above 1 which is shown in Figure 
6.3. The simple payback is after 15.9 years and cash-flow turns positive after the year 17.5. 
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Figure 6. 4 Cumulative cash flow graph of  BUKABA MHP 
 
If  we consider the Figure 6.4 and Figure 6.5, cumulative cash flow is negative until the 17.5th year. From 
the 18th year, it turns positive meaning that the project starts making profit. 
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Figure 6. 5 Yearly cash flow of  BUKABA MHP 
 
6.4 Selection of BUKABA MHP Equipment 

 
The proposed 97 kW generated power as shown by RETScreen analysis, for Bukaba hydro power project 
in Rwanda was developed as an off-grid hydro power plant to provide electricity to a small local grid. 
Details of main electro-mechanical equipment installations are described as follow: 
 

6.4.1 Powerhouse  
 
In a small or micro hydropower scheme the role of the powerhouse is to protect the electromechanical 
equipment that convert the potential energy of water into electricity (RETScreen, 2004). The number, 
type and power of the generators, their configuration, the scheme head and the geomorphology of the 
site determine the shape and size of the building (RETScreen, 2004).  
As shown in Figures 6.1, the following equipment will be displayed in the powerhouse (Penche, 2004): 

� Inlet gate or valve  

� Turbine  

� Generator  

� Control system  

� Condenser, switchgear  

� Protection systems  

� Standby Diesel generator  

� Etc.  
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Figure 6. 6 Schematic view of  a powerhouse –medium head (Penche, 2004) 
 
In medium head scheme, powerhouses are more conventional (Figure 6.1) with an entrance for the 
penstock and a tailrace. Although not usual, this kind of  powerhouse can be underground (Penche, 2004). 
 

6.4.2 Hydraulic turbines 
  

The purpose of  hydraulic turbine is to transform the water potential energy to mechanical rotational 
energy. It is appropriate to provide a few criteria to guide the choice of  the right turbine for a particular 
application and to provide appropriate formulae to determine its main dimensions (Penche, 2004). It is 
necessary to emphasize, however, that no advice is comparable to that provided by the manufacturer, and 
every developer should refer to manufacturer from the beginning of  the development project. 
The turbine is chosen by considering the turbines' type field of application chart shown below in yellow 
colors (Penche, 2004). 
Turbine runner diameter = 0.482
Z.`\ (RETScreen, 2004)                         Equation (6.1) 
                    = 0.482 × 0.32Z.`\ = 0.288L = 288LL 
Where Q is the discharge. 
 

 
Figure 6. 7 Turbines' type field of  application chart 
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The rated flow and net head determine the set of  turbine types applicable to the site and the flow 
environment (Penche, 2004). Suitable turbine is that for which the given rated flow and net head plot 
within the operational envelopes (Figure 6.2), (Penche, 2004). A point defined as above by the flow and 
the head in yellow color will usually plot and provide the suggested turbine to those specific parameter 
values. All of  those turbines are appropriate, and it will be necessary to compute installed power and 
electricity output against costs before making a decision (Penche, 2004). It should be remembered that the 
envelopes vary from manufacturer to manufacturer and they should be considered only as a guide 
(Penche, 2004). 
 

� Supply Suggested. 

Horizontal shaft Francis turbine with all accessories: runner diameter: 30 cm, rated flow: 0.42 m3/s. 

Francis turbines are reaction turbines, with fixed runner blades, where adjustable guide vanes, and used 
for medium heads (Penche, 2004). In this turbine the admission is always radial but the outlet is axial. 
Figure 6.3 shows a horizontal axis Francis turbine. Their usual field of application is from 25 to 350 m 
head. Francis turbines can have vertical or horizontal axis, this configuration being really common in 
small hydro (Penche, 2004). 

 

Figure 6. 8 Horizontal axis Francis Turbine (Penche, 2004) 

 

Figure 6. 9 Francis runner (Penche, 2004) 
From the figure 6.9 Francis turbine runner is shown. 
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Figure 6. 10 Horizontal axis Francis turbine guide vane operating device (Penche, 2004) 
The figure above show the horizontal axis Francis turbine guide vane operating device 
 

 
Figure 6. 11 View of  a Francis Turbine (Penche, 2004) 
 

6.4.3 Generators  

Generators transform mechanical energy into electrical energy. Although most early hydroelectric systems 
were of the direct current variety to match early commercial electrical systems, nowadays only three-phase 
alternating current generators are used in normal practice (Penche, 2004). Depending on the 
characteristics of the network supplied, we can choose (Penche, 2004):  

6.4.3.1 Synchronous generators  

They are equipped with DC electric or permanent magnet excitation system (rotating or static) associated 
with a voltage regulator to control the output voltage before the generator is connected to the grid. They 
supply the reactive energy required by the power system when the generator is connected to the grid. 
Synchronous generators can run isolated from the grid and produce power since excitation is not grid-
dependent (Penche, 2004).  

The synchronous generator is started before connecting it to the mains by the turbine rotation. By 
gradually accelerating the turbine, the generator must be synchronized with the mains, regulating the 
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voltage, frequency, phase angle and rotating sense (Penche, 2004). When all these values are controlled 
correctly, the generator can be switched to the grid. In the case of  an isolated or off-grid operation, the 
voltage controller maintains a predefined constant voltage, independent of  the load (Penche, 2004). In 
case of  the mains supply, the controller maintains the predefined power factor or reactive power. (Penche, 
2004). 
 
Supply Suggested: 
 
Synchronous generator: rated capacity 100 kW, 380 V at 0.8 power factor, 1000 rpm, continuous load, 
with suitable bearing, excitation system and all associated auxiliaries required for coupling to horizontal 
shaft Francis turbine. 
 

6.4.4 Switchgear Equipment 
 
In many countries, the electricity supply regulations place a statutory obligation on the electric utilities to 
maintain the safety and quality of  electricity supply within defined limits (Penche, 2004). The independent 
producer must operate his plant in such a way that the utility is able to fulfill its obligations. Therefore 
various associated electrical devices are required inside the powerhouse for the safety and protection of  
the equipment (Penche, 2004). 
 
Switchgear must be installed to control the generators and to interface them with the grid or with an 
isolated load and also to provide protection for the generators. The generator breaker, either air, magnetic 
or vacuum operated, is used to connect or disconnect the generator from the power grid. The generator 
control equipment is used to control the generator voltage, power factor and circuit breakers (Penche, 
2004). 
 
6.5 Project estimated cost summary of BUKABA MHP 97kW 
 
SN Description Units Amount ($CAD) 
1. Civil Works:  231,000 
1.1 Penstock pipes construction 58,000  
1.2 Conveyance Channel  7,000 
1.3 Road construction 117,000 
1.4 Feasibility study, development and 

engineering 
49,000 

2. Electro-Mechanical Equipment:  201,000 
2.1 Hydro turbine, Valves & Governors, 

Generators.  
  

3. Other Indirect Costs  187,000 
3.1 Power House & Tailrace   
3.2 Construction line  
3.3 Substation  
3.4 Weir construction  
4. Total Project Cost (taxes excluded )  619,000 
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Chapter seven. Economic Analysis  

7.1 Introduction  
 
An investment in a small hydropower scheme will incur costs as well as earn income over the life of  the 
project The costs include a fixed component - the capital cost, insurance, taxes other than the income 
taxes, rates etc. and a variable component operation and maintenance expenses, salaries, income tax etc 
(Penche, 2004). 
The economic analysis is a comparison of  costs and benefits that enables the investor/investors to make 
an informed choice whether to develop the project or abandon it. It is also possible that a choice may be 
made between different hydro projects for the one that gives the best return (Penche, 2004). 
 
Economically, a hydropower plant differs from a conventional thermal plant. This is so because its initial 
investment cost per kW is much higher but the operating costs are extremely low. Since, there is no need 
to pay for fuel (Penche, 2004).  
 
The economic analysis can be made by either, including the effect of inflation, or omitting it. Working in 
constant monetary value has the advantage of making the analysis independent of the inflation rate. 
Valued judgments are easier to make in this way. Because the analysis refers cash flows to the present 
time it is easy to judge the overall value of the investment (Penche, 2004).  
If there are reasons to believe that certain factors will evolve at a different rate from inflation, these must 
be treated with differential inflation rate (Penche, 2004). For instance, if we assume that electricity tariffs 
will grow two percent less than inflation, while the remaining factors stay constant in value, the electricity 
price should show a decrease in the analysis by 2% every year (Penche, 2004). 
 
7.2 Basic considerations  

 
The estimation of  the investment cost constitutes the first step of  an economic evaluation. For a 
preliminary approach, the estimation can be based on the analyses of  the cost of  the different 
components of  a scheme like weir, water intake, canal, penstock, powerhouse, turbines and generators, 
transformers and transmission lines (Penche, 2004). 
 
There are a number of  software packages available to assist in the analysis of  a potential site. 
The RETScreen Pre-feasibility Analysis Software is a generic, freely available software package with an 
on-line user manual (Penche, 2004). It enables users to prepare a preliminary evaluation of  the annual 
energy production, costs and financial viability of  projects (Penche, 2004). Whilst identifying that the site 
has a technical potential is paramount, the key to any successful development is undertaking an economic 
analysis of  a site that will provide an accurate indication of  the investment cost required (Penche, 2004). 
During this analysis an essential consideration is the estimated cost per kW of  the site (Penche, 2004).  
 
7.3 The economics and cost reduction 
 

Normally, small-scale hydro installations in rural areas of developing countries like Rwanda can offer 
considerable financial benefits to the communities served, particularly where careful planning identifies 
income-generating uses for the power generated (Marin, 2006). 
The major cost of a scheme is for site preparation and the capital cost of equipment. In general, unit cost 
decreases with a larger plant and with high heads of water. It could be argued that small-scale hydro 
technology does not bring with it the advantages of ‘economy of scale’ (Marin, 2006). But many costs 
normally associated with larger hydro schemes have been ‘designed out’ or ‘planned out’ of micro hydro 
systems to bring the unit cost in line with bigger schemes (Marin, 2006). 
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This includes such innovations as (Marin, 2006):  
� using run-of-the-river schemes where possible - this does away with the cost of an expensive 

dam for water storage, 
� locally manufactured equipment where possible and appropriate 
� use of High Density Polyethylene(HDPE) plastic penstocks where appropriate 
� sitting of power close to village to avoid expensive high voltage transmission and distribution 

equipment such as transformers. 
� using pumps as turbines (PAT) - in some circumstances standard pumps can be used ‘in reverse’ 

as turbines; this reduces costs, delivery time, and makes for simple installation and maintenance. 
� using motors as generators - as with the PAT idea, motors can be run ‘in reverse’ and used as 

generators; pumps are usually purchased with a motor fitted and the whole unit can be used as a 
turbine/generator set 

� use of local materials for the civil works 
� use of community labour. 
� self-cleaning intake screens - this is a recent innovation which is fitted to the intake weir and 

prevents stones and silt from entering the headrace canal; this does away with the need for 
overspill and desilting structures along the headrace canal and also means that, in many cases, 
the canal can be replaced by a low-pressure conduit buried beneath the ground - this technology 
is, at present, still in its early stages of dissemination (Marin, 2006). 

 

7.4 Ownership and management 
 
Program promoting the use of micro-hydro power in developing countries have concentrated on the 
social, as well as the technical and economic aspects of this energy source (Marin, 2006). Technology 
transfer and capacity building programs have enabled local design and manufacture to be adopted (Marin, 
2006). Local management, ownership and community participation have meant that many schemes are 
under the control of local people who own, run and maintain them. Operation and maintenance is usually 
carried out by trained local craftspeople (Marin, 2006). 
 

7.5 Low cost grid connection strategies 
 
Where the power from a micro-hydro scheme is used to provide domestic electricity, one method of 
making it an affordable option for low-income groups is to keep the connection costs and subsequent 
bills to a minimum (Marin, 2006). Often, rural domestic consumers will require only small quantity of 
power to light their houses and run a radio or television. There are a number of solutions that can 
specifically help low-income households to obtain an electricity connection and help utilities meet their 
required return on investment (Marin, 2006). These include (Marin, 2006): 

� Load limited supply: Load limiters work by limiting the current supplied to the consumer to a 
prescribed value. If the current exceeds that value then the device automatically disconnects the 
power supply (Marin, 2006). The consumer is charged a fixed monthly fee irrespective of the 
total amount of energy consumed. The device is simple and cheap and does away with the need 
for an expensive meter and subsequent meter reading. 

� Reduced service connection costs: Limiting load supply can also help reduce costs on cable, as 
the maximum power drawn is low and so smaller cable sizes can be used. Also, alternative cable 
poles can sometimes be found to help reduce costs (Marin, 2006). 

� Pre-fabricated wiring systems: Wiring rooms can be manufactured ‘ready to install’ which will 
not only reduce costs but also guarantee safety standards (Marin, 2006). 

� Credit schemes can allow householders to overcome the barrier imposed by the initial entry 
costs of grid connection. Once connected, energy savings on other fuels can enable repayments 
to be made. Using electricity for lighting, for example, is a fraction of the cost of using kerosene. 

� Community involvement: Formation of community committees and co-operatives that are pro-
active in all stages of the electrification process can help reduce costs as well as provide a better 
service. For example, community revenue collection can help reduce the cost of collection for 
the utility and hence the consumer (Marin, 2006). 
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Chapter eight. Conclusion and recommendations 

The main aim of this thesis was to develop and demonstrate that a micro-hydro power technology is a 
sustainable and affordable technology, safe and cost effective possibility to bring basic energy services to 
rural or isolated community for electrification in developing countries by using available hydropower 
resources. 
 
Hydropower projects offer great opportunities for sustainable energy development of  the developing 
countries. Being the cheapest, domestic, and renewable resource of  energy, it deserves to be high on the 
agenda of  Rwanda Government’s strategies in energy sector development. It is also advisable to create 
business opportunities for private companies in collaboration with rural people in that field. But, the 
tariff  will be a challenge especially in the developing countries like Rwanda. To sort out this issue Rwanda 
Government will be advised to be involved in fixation of  electricity costs, in rural areas, as it was done for 
other communities elsewhere. If  not, the rural citizens cannot afford to use the energy produced because 
of  high price per unit (kWh). 
 
The choice of using micro-hydro power plant to supply electricity to the population of Rugogwe and 
Mugwato villages is motivated by several reasons. The Rugogwe and Mugwato population reside in rural 
areas and have no access to electricity, but there are numerous rivers with small discharges and the one at 
BUKABA was taken as study. 
Hydropower has a long service life, require basic skills but is work-intensive to maintain, and have a well 
developed service infrastructure (Penche, 2004). 
 
Micro hydropower systems are however not simple to install and require larger investment depending on 
the location of river in which run off river system is used. In addition, Rwanda does not have reliable data 
of the rivers available to calculate the annual flow rates (Omar, 2010). The lengths of  these data sets vary 
significantly; most of  them begin in the 1930s and end in early 1994 as a result of  the Rwanda Genocide. 
There are only 11 meteorological stations and 22 hydrological stations that are operating around the 
whole country after 1994, of  which most have resumed operation only recently  (Omar, 2010). But 
before 1994, the main daily water level measurements were 39 gauging stations. Daily rainfall data were 
136 gauges, whereas other climatic variables (temperature, relative humidity, solar radiation, evaporation, 
sunshine duration, wind speed and direction) were 13 stations. Therefore, the nearest rainfall gauging 
station was always used to gauge the rainfall rate at that region (Omar, 2010). 
 
Micro hydropower plant has the advantage of producing electricity at low cost depending on the few 
parameters considered for hydropower plant construction and operation. 
The south of Rwanda has an excellent water resource and the system designed uses proven and 
dependable technologies to produce sufficient quantities of electricity in the rural areas where many rivers 
are located. The system designed, essentially consists of five main components: weir, Channel, forebay, 
penstock and power house.  

 
RETScreen Clean Energy Project Analysis Software is a decision support tool used to assist planners and 
decision makers in developing renewable energy and energy efficient projects. The software was used in 
this project and can be utilized worldwide and it reduces the money and time spent while identifying and 
assessing potential energy projects at any specific region (RETScreen, 2004). In this case study, 
RETScreen was used to evaluate the economical feasibilities of the BUKABA MHP project.  
Using RETScreen, change of financial parameters with respect to electricity price was also obtained. This 
allows the implementers of the designed project to determine the financial performance of the projects in 
different market conditions or even to support rural citizens for poverty reduction. The software makes it 
a lot easier to observe the effects of the changes in the project formulation, which could otherwise take 
considerable amount of time. 
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As part of the RETScreen Clean Energy Project Analysis Software, the Energy Model worksheet was 
used to help the researcher to calculate the annual energy production for a micro hydro project based 
upon local site conditions and system characteristics. Results were calculated in common megawatt-hour 
(MWh) units for easy comparison of different technologies (RETScreen, 2004).  
The model was used to calculate the micro hydro plant capacity, or maximum power output of the site in 
kilowatt (97kW for BUKABA MHP), as defined by the gross head, design flow and the efficiencies. We 
note that the plant capacity, as defined by RETScreen, is the output of the site as delivered to the off-grid 
application and not the installed capacity. The installed capacity is a term that refers to the output of the 
turbine(s) and generator(s) and does not take into account the parasitic losses (RETScreen, 2004). 
 
The model was used to calculate the firm capacity (60 kW for BUKABA MHP) at the site based on the 
firm flow, the gross head, design flow and efficiencies. This value was compared to the plant capacity and 
the lower of the two values was entered as the firm capacity. 
 
The formula costing method estimates, project costs using formulae derived from the costs of numerous 
completed small hydro projects. This method helps the researcher to minimize the amount of 
information required to complete the cost analysis. Unless enough information is available to allow use of 
the detailed costing method, the formula method should be used to estimate small or micro hydro project 
costs. The formula costing method is particularly useful for costing a large number of projects in the same 
area in order to determine the most attractive projects (RETScreen, 2004). 
 
The RETScreen Software calculates the simple payback (17 years for BUKABA MHP) period, which 
represents the length of time that it takes for an investment project to recoup its own initial cost, out of 
the cash receipts it generates (RETScreen, 2004). The basic premise of the payback method is that the 
more quickly the cost of an investment can be recovered, the more desirable is the investment. The 
simple payback method is not a measure of how profitable one project is compared to another. Rather, it 
is a measure of time in the sense that it indicates how many years are required to recover the investment 
for one project compared to another (RETScreen, 2004).  
 
The RETScreen Software calculates the number of years to reach positive (cumulative) cash flow, which 
represents the length of time that it takes for the owner of a project to recoup its own initial investment 
out of the project cash flows generated. The year-to-positive cash flow considers project cash flows 
following the first year as well as the leverage (level of debt) of the project, which makes it a better time 
indicator of the project merits than the simple payback (RETScreen, 2004). The RETScreen Software 
uses the year-number and the cumulative after-tax cash flows in order to calculate this value (RETScreen, 
2004). 
 
The RETScreen Software calculates the net present value (NPV) of the project, which is the value of all 
future cash flows, discounted at the discount rate, in today's currency (RETScreen, 2004). Under the NPV 
method, the present value of all cash inflows is compared against the present value of all cash outflows 
associated with an investment project (RETScreen, 2004). The difference between the present values of 
these cash flows, called the NPV, determines whether or not the project is generally a financially 
acceptable investment. Positive NPV values are an indicator of a potentially feasible project (RETScreen, 
2004). For BUKABA MHP, the NPV is positive. 
 
The RETScreen Software calculates the net benefit-cost (B-C) ratio, which is the ratio of the net benefits 
to costs of the project. Net benefits represent the present value of annual revenues (or savings) less 
annual costs, while the cost is defined as the project equity (RETScreen, 2004). 
Ratios greater than 1 are indicative of profitable projects. The net benefit-cost (B-C) ratio, similar to the 
profitability index, leads to the same conclusion as the net present value indicator (RETScreen, 2004). For 
BUKABA MHP this value is greater than 1. 
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To help Rwanda to meet the energy needs economically, environmentally and socially, sustainable ways 
while saving money and increasing energy security and self-reliance especially in rural sector, this 
BUKABA MHP case study is taken as one of the solutions to accelerate growth, development and 
poverty reduction in Rwanda. 

 
The software considers only economic aspects when calculating total cost of  the project. It does not take 
into account the environmental aspects. It cannot evaluate environmentally favorable solutions. The only 
environmental analysis available in RETScreen is the Emission Analysis and it can be used to calculate the 
emissions reduced when a hydropower project is implemented instead of  a conventional thermal plant. 
Moreover, the software ignores earthquake, erosion, and sediment problems. If  such problems exist in 
the project area, the software must be used with caution (Mutlu, 2010). 
The software has some deficiencies in calculating channel cost as well. It uses only the excavation 
amounts but does not consider the expropriation costs (Mutlu, 2010). 

 
Utilizing the hydropower potential does not mean that the hydropower plants should be constructed 
whatever the cost. Sustainable development of  hydropower plants is essential. Environmental and social 
aspects of  these projects should be carefully assessed. Legislative and administrative arrangements 
complying with international standards should be prepared to guarantee the utilization of  resources in an 
environmentally, socially and economically sustainable way (Mutlu, 2010). 

 
The vast potential of  water in Rwanda is one promising option to cover increasing energy demand and to 
enable electricity access for remote rural communities. This opportunity has only recently been 
acknowledged and awareness among political decision-makers is still weak. MHP sector development is 
therefore only slowly taking up speed and is still facing a broad range of  challenges (Gaul, et al., 2010). 
Due to the small-scale character of  MHP projects, MHP sector development relies not only on good 
national-level policies, regulations, capacities and financing schemes, but needs to incorporate the local 
level (Gaul, et al., 2010). This is likewise a chance and a challenge as the national and the local framework 
conditions have to match each other in order to create an enabling environment for the MHP sector 
(Gaul, et al., 2010). 

 
The recommendations for future study and project implementation study, before implementation of this 
project model, include preparation of: 

� The bills of quantities of any part and corresponding technical specifications for specific 
equipment; 

� The different drawings regarding all part of the project; 
� Dimensions of the proposed weir,  
� The cost of all excavations needed from the weir to power house; 
� The consumer load distribution of the domestic, business (shops) and others like office, schools, 

clinics etc... 
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APPENDIX 

Appendix A1: Bukaba and Gifurwe rivers 

 

Appendix A2: Bukaba and Gifurwe crossing point 
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Appendix A3: Bukaba and Gisoro crossing point 

 

 
 
Appendix A4: RET Screen’s project classification 

 

 
Appendix A5: Guide to Selecting Access Road Difficulty of Terrain 

Factor 
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Appendix A6: Manning coefficient n for several commercial pipes 
(Penche, 2004). 

 

 
Appendix A7: Dynamic and Kinematic Viscosity of Water in SI 
Units 
 

 
 

Appendix A8: Roughness height "e", for various commercial pipes. 
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Appendix A9: Efficiency of Japanese generating equipment  

 
(TEPCO, 2005) 
 

 
 
 
 
 
 


