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Abstract 
The energy sector is a motor to speed up the economy development but is also a major pollutant. Rwanda, 
having about 60% of its total electricity production from imported fossil fuel (diesel generators), has 
adopted a strategy of energy diversification especially from renewable energy sources. Geothermal energy 
utilization in Rwanda is at the beginning stage and its development is ongoing, all efforts are made for 
electrical generation from geothermal energy in order to increase the installed capacity in Rwanda and to 
achieve the Millennium Development Goals objectives. Apart from electrical generation, geothermal 
energy can be used directly in thermal applications for various industrial or recreational purposes.    

This study focuses on geothermal direct use in Rwanda. It is understandable that space heating is not an 
option in Rwanda because of the predominantly warm climate conditions, however, there are still many 
direct heating applications that can successfully be served by the existing geothermal fields. The current 
status of energy situation in Rwanda and the geothermal potential in the region have been examined. 
Many hot springs and volcanic areas having a feasible geothermal potential for direct applications are 
spread over the Northern province of Rwanda. Several possible geothermal energy projects are shortly 
discussed in the report, targeting mostly various drying processes.  

The specific focus of investigation has been the Gisenyi hot spring site, where temperature measurements 
were taken as well as the flow rate was evaluated in order to assess the applicability of a fish drying facility 
in Rubavu district near lake Kivu. Thermal calculations have been performed to estimate the heating 
energy required to dry 25 tons of fish per month from 80% down to 10% moisture content. The result 
shows that the available temperature and flow rate of the Gisenyi spring can easily cover the demand for 
fish drying even if the fishing industry doubles the production in the future. In addition, the parameters of 
the required heat exchanger were preliminary evaluated. A simplified economy analysis was attempted as 
well, resulting in an expected feedback period of 2.25 years.  
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1 CHAPTER ONE:  INTRODUCTION AND BACKGROUND 

1.1  Introduction 

Rwanda is currently having an energy supply problem, because it traditionally relied on two main sources of primary 

energy: biomass and hydropower; biomass contributing 90% and hydropower contributing 10%. Other resources of 

renewable energy  such as solar energy, geothermal energy, methane gas from Kivu lake and peat are also available but 

not developed. Electricity generation in Rwanda has depended on hydropower only.  

During the genocide in 1994 most hydropower plants infrastructures were destroyed. After the genocide hydropower 

plants were not able to supply all demand for electrical power due to growth of population and increase of electricity 

consumption in different sectors. As an addition, due to climate change the production capacity of hydropower plants 

has recently been smaller than their installed capacity.  

The government of Rwanda attempted to solve this problem by installing thermal diesel power plants to secure the 

electricity supply for the population as a temporary solution. The operating costs of diesel power plants are very high 

and they are not environmentally friendly. The main objectives of the government of Rwanda in the energy sector are 

to increase the public access to electricity to 50% by 2017, to reduce the cost of energy and to diversify energy sources 

by developing renewable energy like geothermal energy, solar energy, methane gas from Kivu lake and peat [Rep. of 

Rwanda, 2010]. 

Since geothermal energy is renewable energy and independent of weather and climate change effects, environmentally 

friendly and is not affected by oil price fluctuation; the government of Rwanda put more efforts in developing 

geothermal energy for electrical production. [1] [2] 

Ethimologically, the origin of a word '' geothermal '' is the Greek word “geo” which means Earth and “therme” which 

means heat. So, by definition, geothermal energy is the energy from the heat stored within the earth, this form of 

energy is classified as renewable energy since heat is continuously produced within the earth. Many counties in the 

world where geothermal energy is available have adopted geothermal energy as a sustainable way of reducing the use 

of fossil fuels and reducing the negative impacts and health risks from the use of fossil fuels. 

Heat from the earth can be used as an energy source in different ways, either directly or for electricity generation. This 

form of energy is economically exploitable where there are fractured crusts whereby the hot fluid flows through or it 

is captured within the hot rock formations. Good permeability of these rocks is required in order to allow water to 

circulate and transfer heat from hot rocks to geothermal reservoirs. A geothermal reservoir is a large area of abundant 

underground hydrothermal resources.  
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Direct use of geothermal energy refers to the use of underground hot water for heating/cooling and drying purposes 

(heating building, grow plants in green houses, dehydrate, heating water for fish farming, pasteurize milk, etc). The 

flow of geothermal fluid at elevated temperature can provide a sufficient heat for heating or cooling as well as heat for 

industrial use.   

Geothermal reservoirs are usually situated deep underground and there is no visible sign to show their location from 

above ground. However, sometimes geothermal energy can appear on the surface in the form of volcanoes, hot 

springs and Geysers. 

 

 

Figure 1: Formation of high-temperature geothermal areas [2] 

 

 

 

 

 



3 
 

 
Figure 2: Representation of an ideal geothermal system [3] 

 

 
Figure 3: The Earth's crust, mantle and core. [3] 
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1.2  Geothermal sources  

Geothermal sources are categorized  as follows: [4], [5] [6] 

1. Convective hydrothermal sources 

2. Geo pressure resources 

3. Hot dry rocks 

4. Magma resources 

5. Volcanoes 

1.2.1  Convective hydro thermal sources 

Convective hydrothermal occurs when there is a natural heat circulation in upward direction in form of hot water or 
steam. A high temperature convective hydrothermal hot water or steam is the result of deep underground circulation 
of water along earth fracture. [4] 

a) Vapor dominated or dry steam fields 

The steam is produced from boiling of deep underground saline water through the low permeability rocks. 

 

b) Liquid dominated or wet steam fields  

The liquid dominated or wet steam fieldscontains the water under pressure with temperature above 100 °C. It 

contains a small quantity of steam and a large quantity of liquid in the reservoir, this is why the liquid phase controls 

the pressure in the reservoir. [5] 

 

c) Hot water fields   

These are the hot water sometimes appear on surface as a hot springs. The hot springs are able to produce hot water 

at the surface up to 100 0 C, The hot spring reservoir is overlain by confining layers the raison why the hot water is 

always under pressure. [5] 

1.2.2  Geo pressure resources 
These resources occur in large deep sedimentary basins. The reservoir contains moderately high temperature water of 

90 to 2000c [4]. Pressurized water called brine contains amount of methane released when pressure is reduced. Geo 

pressured water is tapped at depths between 4000 to 6000 m [6] [4].  

1.2.3  Hot dry rocks 
They are very hot solid rocks at moderate depths but to which water does not have access, because of the absence of 

ground water or low permeability of the rock or both temperature vary between 90 and 6500c. [4]  

1.3.4  Magma resources 
These resources have large geothermal energy content. The very high temperature more than 6000c will make 

extraction of the energy a difficult technological problem [4] [6] 
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1.3  Competitiveness of geothermal energy 

Geothermal energy has been utilized for electricity generation and direct use in many countries such as France ( 24 

GWh/y for electricity generation and 1359 GWh/y for direct applications), Italy (3762 GWh/y for electricity 

generation and 1026 GWh/y for direct applications), Portugal (46 GWh/y for electricity generation and 5 GWh/y for 

direct use) and Kenya ( 390 GWh/y for electricity generation) [6].  Geothermal energy has many advantages which 

makes it competitive when you compare it and conventional energy sources (fossil fuels) even with some renewable 

energy sources. Some of these advantages include [6]: 

• Geothermal energy is a domestic clean energy source that can contribute a lot for the reduction of imported 

fuels. 

• It has a considerable positive input on environment by replacing fossil fuels. 

• It is more efficient and competitive when you compare it to conventional energy sources. 

• Since the storage of geothermal sources is inherent, the geothermal power plant design largely depends on the 

load demand only, as long as the demand does not exceed the supply of raw heat. 

Geothermal energy will have a large positive contribution on environment by reducing carbon dioxide and pollutants 

since  the geothermal power plants produce an average of only 13 g/kWh of carbon dioxide, natural gas power plants 

produce 453 g/kWh of carbon dioxide and coal fired power plant produce 1,042 g/kWh of carbon dioxide per unit 

net electrical energy output. [6] 

1.4  Geothermal energy in Rwanda 

The geothermal scene in Rwanda is connected with the East African rift valley,  this part of Africa is one of the 

world's hottest spots for geothermal activity and after some researches on geothermal energy, experts in geothermal 

energy said that estimation of geothermal potential of East African rift valley in 11 African countries is more than 

15000 megawatts but a large number of geothermal energy potential has remain unexploited  except in Kenya and 

Ethiopia where some geothermal projects are implemented. [7] 

The geothermal areas in Rwanda are located in the north-western and south-western parts of the country associated 

with the Western branch of the Rift Valley. This region has very active volcanoes that may indicate the presence of a 

high-grade heat source1.  

In 2009, the installed capacity of Rwanda was only 69 megawatts, the plan of MININFRA was to increase the 

electrical generating capacity up to 130 megawatts at the end of 2012 by allocating a large  investment in micro-

hydropower plants and methane gas from Kivu lake [8]. The Rwanda National electricity master plan shows that 

geothermal energy will contribute about 300 megawatts to the national electrical generating capacity by the end of 

2017 and this capacity would provide a half of energy needed in Rwanda by 2020.  
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The plan also anticipates that if geothermal energy would be used only for electricity production, the estimated cost 

for the said geothermal projects would be $935 million [8].  

Serious research for evaluating the geothermal potential in Rwanda started in 2006 when the national government 

examined how to diversify energy sources to increase electrical generating capacity. The economically harvestable 

geothermal potential  in Rwanda have been identified  between Gisenyi and Kalisimbi volcanos and Bugarama. The 

total costs of drilling three exploration wells  and site preparation  is estimated to be $30.2 million [7]. In 2010 Kenya 

Electricity Generating company (KenGen) contracted to conduct through a surface exploration of geothermal energy 

in Rwanda, the preliminary findings in 2011 show that the geothermal energy potential of Rwanda is more than 700 

megawatts of net electrical capacity. [7] 

 
Figure 4: Location of Geothermal fields in Rwanda [10] 

Prospective areas for geothermal developments include National Park of Volcanoes (Karisimbi  and Kinigi), the hot 

spring of Gisenyi in Nort hern province, and Bugarama hot spring in Western province. The study of Karimbi areas 

was started from 2008 by the German Federal Institute of Geosciences and Natural Resources (BGR) and KenGen as 

well as the Rwandan Ministry of Infrastructure. To confirm the viability of generating power from geothermal energy, 

the government of Rwanda is conducting a detailed surface studies and drilling exploratory wells on Karisimbi. To 

implement this, the government of Rwanda signed a contract with a drilling company which started the intensive 

drilling activities in December 2012. [7] 

Geothermal exploration & development are still at an early stage in Rwanda. Some surface reconnaissance and 

feasibility studies for electricity generation have only been carried out in the western region of Rwanda within the 

Virunga Volcanic Chain along the borders with the Democratic Republic of Congo (DRC) and Uganda.  
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However, no feasibility studies on direct use of geothermal energy have ever been carried out. From this background, 

heavy investments in materials, equipment and human resources are required to accelerate geothermal development 

for electricity generation and direct use. The feasibility study on direct use of geothermal energy may have a positive 

impact in attracting private investors to invest in renewable energy through a more viable and smaller scale enterprises 

involving the local population and providing local jobs in various industrial sectors. 

1.5  Rwanda energy situation  

Rwanda is located in east Africa on 26,338 square kilometers, the population density in Rwanda is high with an 

average of 300 inhabitants per square kilometer. A large part of the population is concentrated in rural areas where 

electricity is a big problem, only 6% of the nation lives in urban areas. The energy sector in Rwanda can be divided 

into three subsectors: hydrocarbon (imported fossil fuel), conventional hydropower, and renewable energy sources 

such as biomass, solar, peat, wind, geothermal energy). 

In Rwanda, biomass is the most used primary energy source with 94% and dominates the demand and supply of 

Rwandan economy. The use of biomass up to this level have an impact on economy since it is used mainly for 

cooking purposes in the form of fire wood, charcoal and briquettes. Biomass is also used in some industries (for 

example in tea factories) [10].  

Rwandan energy scene is dominated by hydro power and thermal power plants as shown in Table 1. Some electricity 

is imported from Uganda,  DRC and Burundi as shown in Table 2. Domestic power production plus imported power 

constitute the total capacity of Rwanda which amounts to 84.4 MW, but due to unexpected breakdown of some plants 

and unexpected loss of power in 2013, the total  available capacity is 71.7 MW  [11]. The available capacity is very 

small compared to the Rwandan population and target vision towards 2020.  

 

Figure 5: Distribution of energy sources in Rwanda 
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Table 1:  Rwandan Domestic Power Production Capacity [10] 

No  Plant name type Fuel type Year of 

operation 

Installed 

capacity in 

MW 

Available 

capacity in  

MW 

1 MUKUNGWA Hydro Water  1982 12 12 

2 NTARUKA Hydro  Water 1959 11.25 11.25 

3 GISENYI Hydro  water 1957 1.2 0 

4 GIHIRA Hydro  Water  1984 1.8 0.7 

5 JABANA I Thermal  Diesel  2004 7.8 7.8 

6 GIKONDO RENTAL 

POWER 

Thermal  Diesel  2005 10 10 

7 JALI SOLAR PV Solar  2007 0.25 0.25 

8 METHANE GAS Thermal Methane  2008 3.6 1.2 

9 JABANA II Thermal  HFO 2009 20.5 14 

 Total    68.4 57.2 

 

Table 2: Power imported from the Region [11]   

No  Source name Imported 

from 

Type  Fuel type Year of 

operation 

Contracted 

capacity  

in MW 

Available 

capacity  

in MW 

1 RUSIZI  I  

(SNEL) 

DRC Hydro Water 1957 3.5 3.5 

2 RUSIZI  II 

(SINELAC) 

DRC Hydro water 1989 12 10 

3 KABALE 

(UETCL) 

Uganda - - - - 1 

 

1.6  Geothermal energy classification 

There are many possible criteria for classification of geothermal energy. It is very important to know that, for 

classifying geothermal resources, reservoir temperature (Tres) should be the basic criterion. Table 3 gives seven 

possible classes based on temperature as primary criterion and steam fraction in the mobile fluid phase (state of fluid 

in reservoir). 
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Class 1 (Tres. less than 100°C): The boiling point of water at atmospheric pressure, 100°C, is a reasonable lower limit 

for power generation from a geothermal fluid; no geothermal power project has been developed or can be developed 

commercially based on a resource cooler than 100°C. Therefore, a resource in this class is suitable only for direct uses.  

Class 2 (Tres. 100°C to less than 150°C): The mobile fluid (state of fluid) phase in these reservoirs is liquid water. 

Geothermal resources in this temperature range call for pumped wells and binary-cycle power generation. 

Given the significant advances made in downhole pump and binary-cycle power generation technologies over the last 

two decades, power generation from resources in this temperature range is eminently commercial today. The 150°C 

temperature limit is somewhat arbitrary and may be moved either way by perhaps up to 10°C. 

Class 3 (Tres. 150°C to less than 190°C): The mobile fluid (state of fluid) phase in these reservoirs is liquid water. A 

number of  power projects have been operated over the last two decades using geothermal resources in the 150° to 

190°C range [11] [12] [13], the latter temperature being the limit of operation of commercially available downhole 

pumps today. Geothermal water over most of this temperature range must be pumped because the fluid does not 

have sufficient energy for self-flow at a commercial rate. However, at the upper end of this temperature range wells 

may be either pumped or self-flowed (if the reservoir flow capacity is relatively large).  

Well productivity for such a resource would be less than 7 MWe, the typical range being 3 to 6 MWe. While 

temperature tolerance for commercial pumps may someday exceed 190°C, the higher vapor pressure at higher 

temperatures might reduce the available pressure drawdown sufficiently to make pumping less attractive than self-flow 

[14]. 

Class 4 (Tres. 190°C to less than 230°C): The next higher resource temperature limit is chosen as 230°C, which is 

lower than the minimum initial resource temperature encountered in vapor-dominated reservoirs worldwide. Vapor-

dominated reservoirs have such a unique set of characteristics that these have been grouped as a separate class as 

described below [14]. Reservoirs above a temperature level of 230°C may have free steam saturation initially or 

develop steam saturation upon exploitation, but this would be unlikely for a reservoir below a 230°C temperature 

level. Thus, reservoirs in the 190° to 230°C range should have liquid water as the mobile fluid phase, and as such, this 

class is reasonably well constrained [13].  The wells for this class would be too hot to pump and must be self-flowed. 

Therefore, the productivity of wells in this class would be more variable, typically in the range of 3 to 12 MWe [14]. 

Class 5 (Tres. 230°C to less than 300°C): Above a temperature level of 230°C, the reservoir would be expected to 

become two-phase at some point during exploitation. The next higher temperature limit of 300°C is rather arbitrary; 

changing it by perhaps up to 20°C will not affect the classification. For this class of resource, as well as for classes 6 

and 7, well productivity varies within an extremely wide range depending on reservoir flow capacity and steam 

saturation in the reservoir, which together with the relative permeability characteristics of the reservoir, determines the 

steam fraction in the mobile fluid phase. Individual well productivities as high as 50 MWe have been reported for 

fields in classes 5through 7 [14]. 
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Class 6 (Tres. greater than 300°C): Such reservoirs are characterized by rapid development of steam saturation in the 

reservoir and steam fraction in the mobile fluid phase upon exploitation. The performance of such reservoirs, 

specifically the evolution of production enthalpy, is generally difficult to forecast with any confidence.  The upper 

temperature limit for this class may be considered the critical temperature of water (374.1°C). A temperature higher 

than the critical is unlikely to be encountered in a productive well for a number of physical reasons [14]. 

Class 7 (Steam fields): This special class of resource needs to be recognized, its uniqueness being the remarkably 

consistent initial temperature and pressure (approximately 240°C and 33.5 bar-a) displayed by all such fields in the 

world superheated steam is available in this class. Furthermore, the enthalpy of the resource in such a field is the 

maximum enthalpy possible for saturated steam (2,800 kJ/kg). [14] 

 

Table 3: A Possible Classification Scheme for Geothermal Resources [14] 

Class of 
Resource 

Reservoir 
Temperature 

Mobile 
Fluid 
Phase in 
Reservoir 

Production 
Mechanism 

Fluid State at 

well head 

Well Productivity 
and controlling 
factors other than 
Temperature 

Applicable 
Power 
Conversion 
Technology 

1. Non-
electrical 
Grade 

< 100°C Liquid 
water 

Artesian self-
flowing wells; 

pumped wells 

Liquid water Well productivity 
dependent on reservoir 
flow capacity and static 
water level 

Direct Use 

2. Very Low 
Temperature 

100°C to 
< 150°C 

Liquid 
water 

Pumped wells Liquid water 
(for pumped 
wells); steam-
water mixture 
(for self-flowing 
Wells) 

Typical well capacity 2 
to 4 MWe; dependent 
on reservoir flow 
capacity and gas 
content in water; well 
productivity often 
limited by pump 
capacity  

Binary 

3. Low 
Temperature 

150°C to 
< 190°C 

Liquid 
water 
 

Pumped 
wells; self-
flowing wells 
(only at the 
higher 
temperature 
end of the 
range) 

Liquid water 
(for pumped 
wells); steam-
water mixture 
(for self-flowing 
wells) 

Typical well capacity 3 
to 5 MWe; dependent 
on reservoir pressure, 
flow capacity and gas 
content in water; 
productivity typically 
limited by pump 
capacity and parasitic 
power need; 
productivity strongly 
dependent on reservoir 
flow capacity  

Binary; 
Two-stage 
Flash; 
Hybrid 
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4. Moderate- 
Temperature 

190° to 
< 230°C 

Liquid 
water 

Self-flowing 
wells 

Steam-water 
mixture 
(enthalpy equal 
to that of 
saturated liquid 
at reservoir 
temperature  

 

Well productivity 
highly variable (3 to 12 
MWe); strongly 
dependent on reservoir 
flow capacity 

Single-stage 

Flash; Two-
stage Flash; 
Hybrid. 

5. High 
Temperature 

230°C to 
< 300°C 

Liquid 
water; 

Liquid 
dominated 

Two 
phase  

Self-flowing 
wells 

Steam-water 
mixture 
(enthalpy equal 
to or higher  
than that of 
saturated liquid 
at reservoir 
temperature); 
saturated steam  

Well productivity 
highly variable (up to 
25 MWe); dependent 
on reservoir flow 
capacity and steam 
saturation 

Single-stage 
Flash; 
Hybrid 

6. Ultra 
High 
Temperature 
 

300°C+ Liquid 
dominated 
Two 
phase 

Self-flowing 
wells 

Steam-water 
mixture 
(enthalpy equal 
to or higher 
than that of 
saturated liquid 
at reservoir 
condition); 
saturated steam; 
superheated 
steam 

Well productivity 
extremely variable (up 
to 50 MWe); 
dependent on reservoir 
flow capacity and 
steam saturation 

Single-stage 
Flash 

7. Steam 
Field 
 

240°C (33.5 
bar pressure; 
2,800 kJ/kg 
enthalpy) 

Steam Self-flowing 
wells 

Saturated or 
superheated 
steam 

Well productivity 
extremely variable (up 
to 50 MWe); 
dependent on reservoir 
flow capacity 

Direct steam 

 

  



12 
 

2 CHAPTER TWO:  OBJECTIVES, LIMITATIONS AND METHODOLOGY 

2.1  Objectives 

This feasibility study investigated the following objectives in determining whether direct use of geothermal energy is 

feasible in Rwanda, at Gisenyi site. 

1.  Identification of different possibilities of projects with direct use of geothermal  heat at selected locations 

in Rwanda. 

Identification of different possibilities of projects with geothermal direct use that are likely to be viable and income 

generating to Rwandan communities. The identification of these projects will be done considering the temperature 

requirement for each project. 

2. Estimation of temperature available using interpolation of data collected on selected site. 

Surface and ground temperature measurements of selected site (Gisenyi hot spring) will be recorded in different 

seasons and periods of time to estimate  ground temperature at depths and any variations if its value. 

3. Calculation of flow rate for selected site 

Fluid flow rate of the hot spring will be calculated using  an appropriate method adapted to the conditions, this will 

help to calculate the heat extraction from the geothermal fluid. 

4. Calculation of parameters of needed heat exchanger for drying suggested direct utilization of geothermal 

heat at the selected site.  

 

2.3  Scope and limitation 

This research focuses on a preliminary feasibility study for the direct use of geothermal energy in Rwanda in one of 

identified sites called Gisenyi hot spring. Data collection and calculation will be performed in order to estimate the 

temperature and flow rate of identified site.  

 

Design of the practical equipment allowing the direct use of geothermal heat will be attempted based on available 

temperature and flow rate. These will be accomplished through field visits and discussion with experts in Geothermal 

area and simplified measurements to find any missing data.    

 

The work is a hands-on study, using available and simplified measurement devices and techniques, at the site. The 

analysis of data is also attempted via generalized and simplified methods, in order to produce a viable but quick and 

efficient result for recommending further deeper and more accurate studies.   
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2.4  Methodology 

          2.4.1  Literature review 
 Research methodology will involve the review of the existing  literature pertaining to  direct use of 

geothermal energy and direct use applications as well as the main factors to consider. 

           2.4.2  Study visits 
Gathering information from different study visits will be a part of the methodology for this work. 

            2.4.3  Discussion 
Discussion with experts in geothermal energy: This work will be carried out by consulting experts in 

geothermal energy as well as Energy Water and Sanitation Authority (EWSA) of Rwanda. The discussion will 

be based on the following points: 

• Geothermal exploration methods  

• Geothermal exploitation methods 

• Geothermal direct use 

• Geothermal heat pumps 

• Heat exchangers 

• Other points related to geothermal energy and its applicability in the Rwandan perspective. 
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3 CHAPTER THREE:  LITERATURE REVIEW 
 

3.1  Geothermal energy utilization in practice 

The utilization of geothermal fluid is categorized in two classes, electricity generation and direct use depending on 

fluid temperature and enthalpy. Electricity generation is suitable with high temperature of the geothermal source while 

low and medium temperatures are better for direct applications. Table 4 summarizes the seven classes presented 

above in Table 3 into three classes, which illustrate the applied geothermal energy utilization technologies. 

 

Table 4: Geothermal energy uses and applied technologies [15] 

Reservoir fluid Reservoir temperature Common use and used technology 

 

 

Water or steam 

 

High temperature, >220°C 

Power generation (Flash steam; 
Combined cycle  (flash and binary) 

Direct use (Direct fluid use; Heat 

exchangers; Heat pumps) 

 

 

Water 

 

Intermediate temperature, 

100-220°C 

Power generation (Binary cycle) 

Direct use (Direct fluid use; Heat   

exchangers; Heat pumps) 

 

Water 

 

Low temperature, 30-150°C 

Direct use (Direct fluid use; Heat 

exchangers; Heat pumps) 

 

3.2  Geothermal surface manifestations - Distribution of Hot Springs 

More than ten sites (shown in  Fig.5 ) of hot springs and bicarbonate springs in Northern and Western province of 

Rwanda were  sampled by BGR in January to March 2008. Temperature at the sampling sites ranges from 2.6 °C up 

to 73.1 °C. [16] 

During the field survey in 2008 only five sites revealed increased temperatures, whereas two of them were distant 

from the study area. The most prominent spring with the highest temperature in the study area is the hot spring close 

to Gisenyi (73.1 °C) and the second highest temperature was measured at Lake Karago (65 °C). Outflow rates of the 

sampled springs are rather small in the range of up to 4 l/s. Some springs show relatively weak gas emanations. No 

fumaroles surface manifestations and no alteration could be observed in the study area. Huge areas, particularly in the 
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National Park are inaccessible for any field exploration. Additional springs could exist there that have not yet been 

discovered. It is also assumed that further hot springs are located in Lake Kivu [16]. 

 
Figure 6: Sampling sites [16] 

3.3  Direct use of geothermal energy  

Geothermal energy have a wide variety of direct applications as that can be seen  in  Figure 6 (Lindal 1973).  The 

Lindal diagram lists the uses of geothermal energy according to the temperatures available in the fields. Geothermal 

direct-use applications utilize a geothermal fluid at elevated temperatures  from ground as natural resource, the hot 

fluid is able to provide heat and/or cooling to buildings, greenhouses, aquaculture ponds, and industrial processes 

[17].  

 When we compare electricity production from geothermal energy, we find that the direct application of geothermal 

heat has many advantages such as higher energy efficiency (50-70%) while  geothermal electrical plant and geothermal 

conversion to power  would largely show efficiencies in the order of 5-20% [17].   
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Geothermal direct use requires less capital investment compared to electrical generation and geothermal  energy direct 

use can involve both high and low temperature geothermal resources [17].  

But the market for direct application is based on the particular site because the transportation of hot water at a long 

distance from the geothermal site is not easy, the longest geothermal hot water transportation in the world is 63 km in 

Iceland [17], through pipelines.  

 

 

Figure 7: Uses of Geothermal energy (Lindal diagram) [18]   
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3.3.1  Aquaculture 

Aquaculture is the farming of food (fish and shellfish) and nutrients (e.g., algae) with utilization of controlled water 

systems. Many species grow faster and larger in warmer water (with temperature above the ambient temperature). 

Geothermal fluids can be used to control the temperature of the fish culture facilities to produce larger and faster 

growing fish and also allow fish production in the winter when it would otherwise not be possible. Usually the 

geothermally heated water can be used directly in the ponds. This eliminates the need for heat exchange equipment. 

Aquaculture using geothermal resources really has no economically competitive energy alternatives. If a farm wants to 

grow a certain species in a certain climate conditions, only a geothermally heated farm can provide low-cost, 

dependable hot water that enable to increase the fish’s growing rate and can keep them alive during the winter [18].  

Some people heat their ponds using  natural gas or propane but it is not cost competitive since this method  requires a 

costly burner and boiler as well as fuel [18]. Aquaculture for some species does exist without geothermal heating (as 

geothermal use is in the minority), but the locations are limited due to climate and the growth rates are reduced for a 

given species. [18] 

3.3.2  Spas and Pools 

Possibly the oldest recorded use of geothermal water was for bathing and health [18]. The history of balneology, using 

natural mineral waters for the treatment and cure of disease, is thousands of years old. Mineral waters have been used 

for bathing since many years ago [18], [13]. People from Gisenyi living near the hot spring site believe that hot water 

from geothermal sources  provides a special treatment and cure of disease. 
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Figure 8: People of Gisenyi enjoying swimming in geothermal hot water 

 

3.3.3  Space and District Heating 

Space and district heating from geothermal energy resources is the most used direct utilization method with about 

37% of all direct use of geothermal energy, when geothermal heat pumps are included this value increases  up to 50%  

space heating of all geothermal direct uses [13]. Space heating is provided  from reservoir to the users by using  pumps 

or down hole heat exchangers. Note that space heating should be used  to rise temperature  to the desired level where 

ambient temperature is not comfortable to meet the required temperature in residential or commercial buildings. 

In many cases of district heating, the hot water is transported  to a heat exchanger or through a heat pump where the 

heat from the hot geothermal fluid is transferred to a space heating system. The geothermal water can also flow 

directly through the space heating without using a heat exchangers – this is only when geothermal water are very clean 

but care must be taken on corrosion and degradation of geothermal system components such as pipes [18].  Hot 

geothermal fluids can also flow through a separate heat exchanger to heat up domestic hot water [18].  District heating 

method usually draws hot water from a geothermal drilled well through a network of pipes to individual homes or 

larger buildings. [18] 

There are two types of geothermal district heating distribution methods:  
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Open distribution system: The open distribution system pipes the geothermal fluid directly to the customer from 

the drilled well. 

In an open system, the geothermal hot water is stored in a well  insulated storage tank after it is pumped from a well. 

The hot water is used for domestic hot water or industrial process heat. The heated air is used for space heating of 

homes and buildings  

 Closed distribution system: Closed systems convey the fluid to a central location where it passes  through a heat 

exchanger to allow the heat transfer  to another fluid. This heated system fluid is then delivered to the customers in a 

closed loop system. 

3.3.4  Greenhouse 

Greenhouse is among the primary use of geothermal energy in agribusiness industries, the greenhouses are raising 

fruits and vegetables, flowers and house plants [19]. The purpose of geothermal energy in greenhouses is to maintain 

the climate inside the greenhouse. Most greenhouse operators estimate that  using geothermal energy source instead 

of traditional energy source (fuel) reduces operational cost [19]. Geothermal greenhouse heating is also efficient  

method compared to traditional fuel sources. It provides space to greenhouse operators, the geothermal heat fluid is 

transported from geothermal well to the greenhouse using well insulated tubes and circulated within greenhouse 

directly or indirectly (using heat exchangers) 

3.3.5  Geothermal drying and other industrial processes 

Another use of geothermal hot fluid is the drying of timber during timber processing. In a typical timber mill, after 

cutting down the trees and shaped into required form, the timbers pass through a drying unit to prevent warping later, 

the timbers are heated by the steam from the boiler, substituting the energy source with geothermal steam would give 

energy cost savings.  

Industrial sector constitute the smallest sector of geothermal direct use [18] . The industrial use of geothermal energy 

declined in the period from 1995-2000,  the explanation of this decline is that many industrial process require steam at 

1210C or higher, while available geothermal sources atthis temperature range are  used primarily for electrical power 

generation. Another explanation is that some industrial process require  steam at low temperature and this heat is 

recovered  (waste heat) from within the process itself. 

Geothermal industrial uses include dehydration (drying and demoisturizing) of fruit and vegetables, meat or fish, grain 

drying , production of milk powder from fresh milk (milk pasteurization), as well as timber drying which require 

pressurized hot and dry steam, gold extraction, and other heating purposes in manufacturing, reprocessing, or material 

upgrading processes [18].   

Food products can apparently be very advantageous as receptors for drying processes driven by geothermal heat. Such 

applications can be simplest and most efficient direct applications of geothermal energy in the food industry, requiring 

minimum investment and allowing for large expansion of local production.  
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Figure 9: Temperatures of Industrial Processes and Agricultural Applications  [20] 
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3.3.6  Geothermal Direct application worldwide in 2010 
 

Table 5: Geothermal Direct applications  worldwide in 2010, distributed by a) percentage of total installed capacity, b)percentage of total 
energy use [13] 

    A B 
1 Geothermal Heat pumps 68.30% 47.20% 
2 Space Heating 11.10% 14.90% 
3 Bathing and swimming 13.80% 25.80% 
4 Cooling/snow melting 0.80% 0.50% 
5 Industrial uses 1.10% 2.80% 
6 Aquaculture pond heating 1.30% 2.70% 
7 Greenhouse heating 3.20% 5.50% 
8 Agriculture drying 0.30% 0.40% 
9 Other 0.10% 0.20% 

     

 

Figure 10:  Geothermal Direct Application worldwide in 2010 distributed by;  a) percentage of total installed capacity [13] 

b) percentage of total energy use  [13] 

3.4  Heat exchanger 

A heat exchanger is a device that is used to transfer heat from one medium to another for example from one fluid to 

another fluid, it can be used to transfer heat between two or more media , these media  should be in thermal contact 

at different temperatures [21]. At elevated temperature many of the geothermal hot fluids contain different types of 



22 
 

dissolved chemicals, these chemicals are sometimes causing  corrosion to construction materials of heat exchangers.  

To avoid this problem of corrosion, geothermal fluid have to be isolated from the process.  

The  heat exchanger main role is to isolate the geothermal hot fluid to which the heat is being transferred. The types 

of heat exchanger used in geothermal direct use systems are the plate heat exchanger, shell and tube heat exchanger, 

and downhole heat exchanger [22], [23].  

3.4.1  Plate heat exchanger 
 

It consists of a number of similar plates in series held together using a frame. A good attribute of this type of heat 

exchanger is the ability to increase its capacity by opening the frame and adding more plates to it. The frame can also 

be opened for repairing and maintenance. Geothermal fluids flow through alternate plates and another liquid flow in 

the opposite direction. 

Plate heat exchangers are the most used type in geothermal direct use systems of modern design. They have a number 

of useful characteristics for geothermal applications. Among these characteristics are: 

1. High thermal performance. 

2. Ease and low cost of maintenance. 

3. Availability of different types of corrosion resistance alloys for its construction. 

4. Ability to be increased in case of additional load. 

5. Occupying less space. [23] 

3.4.1.1  Limitations of plate heat exchangers 
 

Plate  heat exchanger are low pressure and low temperature units, the maximum design ratings are pressure of 20 bar 

and temperature of 150 0C. The gasket material limits the temperature and a good performing material for geothermal 

applications is fluorocarbon known as viton. In geothermal direct use applications,  the selection of plate materials can 

be made between 304 stainless, 316 stainles and Titanium but Titanium can be selected only when the temperature 

and chloride required are in excess of 316 stainless. Plate heat exchangers have excellent thermal energy transfer 

characteristics as illustrated in Table 5, this higher thermal transfer capability enable the equipment to operate with 

very small temperature difference (difference between temperature of geothermal fluid entering the heat exchanger 

and temperature of geothermal fluid leaving the heat exchanger. [24] 

3.4.1.2  Selection of plate heat exchanger 
 

The selection of a plate heat exchanger is a trade-off  between heat transfer coefficient ( U-value) and pressure drop. 

Heat transfer coefficient impose the surface heat transfer area of the unit and capital cost. Pressure drop influences 

pump size and its pressure head hence operating costs [24] 
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Figure 11: Typical direct use geothermal heating system configuration with a plate heat exchanger [22] 

 

The plate heat exchangers are usually made of stainless steel, titanium is used when the fluids are especial corrosive. 

Shell and tube heat exchangers are used also in geothermal applications but there are not popular because of the 

problems with fouling. 

3.4.1.3  Advantages of a Flat Plate Heat Exchanger 
 

When you compare a flat plate heat exchangers with the most used shell and tube heat exchangers, the following 

advantages of flat plate heat exchange have been reported [25]: 

1. High value of overall heat transfer coefficient: With the given two identical fluids, a flat plate heat 

exchanger has overall heat transfer coefficient  which is higher than other types of heat exchangers(shell and 

tube heat exchanger and spiral type heat exchanger) 

2. Compact design: The capacity of high value of overall heat transfer coefficient  and the ability to occupy 

less space lead to its advantage of having the same thermal capacity as shell and tube heat exchanger as much 

as five time of it size. 
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3. Easy maintenance: Since the plates of flat plate heat exchanger should be opened for maintenance and 

repair as we discussed, the maintenance is easy and less costly and this type of heat exchanger can be designed 

to allow easy and safe increase or decrease of plate in case of addition or decrease of load. 

4. Temperature requirement:  a flat plate heat exchanger is best suited for small temperature differences 

between hot and cold fluid. 

3.4.1.4  Disadvantages of flat plate heat exchangers [25] 
 

A flat plat heat exchanger also presents some negative characteristics in comparison with other types of heat 

exchangers. 

1. Potential for leakage: The design of plate and frame heat exchangers is as such to allow the plates and 

gaskets to be clamped together, there is a greater risk for leakage compared to shell and tube or spiral heat 

exchangers. 

2. Elevated pressure drop: The small passage for fluid flow which is the cause of high overall heat transfer 

also causes a higher pressure drop to solve this problem of pressure drop the pumping system is required. 

3. Fluid temperature difference limitation: A flat plate  heat exchanger is not suited for large fluid 

temperature differences 

4. Fluid temperature limitation: A flat plate heat exchanger is not working with very high temperatures since 

the gaskets may impose some temperature limitations for plate and frame heat exchangers.  

 

3.4.2  Shell and Tube Heat exchanger 
 

Shell and tube heat exchanger is the common type of heat exchanger most used in industrial applications. It has 

external part of cylinder called shell, a large number of tubes are compacted in the shell  with the axis of the tubes 

parallel to the axis of shell. Shell and tube heat exchanger can be in vertical or horizontal position. There are tube 

sheets on each and every end of the tubes sealing the shell around the tubes. 

The principal of operation is that the geothermal hot fluid passes through the tube and the other fluid flows around 

the tube or vice-versa. The fluid inside the tube can flow using one or more than one passes. Shell and tube heat 

exchangers can operate at far greater pressure and temperature conditions than a plate heat exchanger, although they 

do not possess such good heat transfer characteristics as the plate heat exchanger [24]. 
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Figure 12: U- tube heat exchanger [26]  

 

3.4.2.1  Advantages of Shell and Tube Heat Exchanger [27] 

Shell and tube heat exchanger presents some positive attributes compared to other types of heat exchangers, some of 

them are as follows: 

1. Low cost compared to plate heat exchangers. 

2. It can operate in the high pressure and temperature systems. 

3. Low pressure drop in the system. 

4. It is very easy to locate leakage of tubes using pressure tests.  

 

3.4.2.2  Disadvantages of Shell and Tube heat exchangers [27] 

Shell and tube heat exchanger also presents some negative attributes compared to other types of heat exchangers, 

some of them are presented to help the users to make a right selection. 

1. Efficiency of heat transfer is low compared to plate heat exchanger types. 

2. Maintenance and repair is very difficult since it requires enough time and care to remove the tube nest. 

3. Capacity of shell and tube heat exchanger cannot be increased with the increase of load. 

4. It occupies a bigger space compared to plate heat exchangers.  
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Table 6: Comparison between plate heat exchanger and shell and tube heat exchanger [24] [23] 

Plate heat exchanger Shell and tube heat exchanger 

Maximum design ratings 150°C and 20 bar  

 

Operate at higher temperature and pressure 

Flow rate is 2-1500 tones/hour Flow rate is 2-1500 tones/hour 

Excellent thermal energy transfer characteristics which is  

3000-4000 W/m2/0c 

Lower thermal energy transfer characteristic(1000-1500 

W/m2/0c) 

Lower surface heat transfer area (smaller unit size-lower 

capital cost) 

Large surface heat transfer area (large space requirements 

involves higher capital costs) 

Higher pressure drop across heat exchanger (large pump 

size and pressure head involves higher operating cost) 

Lower pressure drop across exchanger(smaller pump size 

and pressure head involves lower operating costs) 

 

3.4.3  The downhole heat exchanger 
 

The downhole heat exchanger, as its name indicates, is used inside the well. It has the advantage of avoiding the 

problems of geothermal fluid disposal as only heat is extracted from the well. The heat exchanger consists of a tube 

system placed in vertical position in the well through which water is pumped and flows back by natural convection. 

The limitation of this type of heat exchanger is that it is suited for small heating load only such as heating in individual 

homes and small business buildings [23], [28]. 
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Figure 13: Downhole heat exchanger system (Klamath Falls, Oregon) [23] [29]  

 

3.5  Heat Pumps 

Heat pump is a device used to increase thermal energy from low temperature to high temperature The heat pump 

system that works with geothermal fluid consists of three main parts: ground heat exchanger, air duct system and 

above-ground heat pump units. The ground heat exchanger is of downhole type, as we have previously seen it is a 

system of pipes which is placed in the ground around the building, a fluid flows through the pipes system to absorb or 

release heat in the ground [30], [31]. 

A vapor compression heat pump  transfers heat energy by using phase changing substance called refrigerant to 

circulate through  a cycle of evaporation and condensation [32]. A compressor pumps the refrigerant between two 

coils of heat exchangers, on one coil the refrigerant is evaporated at low pressure and absorbs heat from heat source, 

the refrigerant is then compressed to the second coil where it condenses at high pressure, at this point the heat 

absorbed earlier in the cycle is released to the heat sink [33]. 
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Heat pumps are used with reverse function  in winter and summer seasons, in the winter season, heat pump removes 

heat from heat exchanger and pumps it into the indoor air delivery system. In the summer season the heat pump 

moves heat from the indoor air to the heat exchanger. The removed unwanted heat during the summer season can be 

used in other heating purposes like providing hot water for shower, washing and cleaning. [34] 

Heat pumps can use open loop system or closed loop system. Open loop system removes water directly from the 

wells or lake, the water is coming to the heat pump  where the heat exchange takes place to add or extract the heat 

and then water is pumped back to the well. Closed loop system consists of water to air or water to water heat pumps, 

piping system is placed directly in a lake , river or in other water. [35] 

 
Figure 14: Open and closed loop heat pumps [32] [35] 

 

3.5.1  Advantages of geothermal heat pump [36] 

Geothermal heat pumps have the following advantages 

1. The system operate with high efficiency. 

2. It can be used for both heating and cooling 

3. It renewable energy, environment friendly . 

4. The system is clean because it not require a combustion process. 

5. Maintenance cost is very low. 

6. Long life (more than 50 years) claimed by many manufacturers.  
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3.5.2  Disadvantages of geothermal heat pump [36] 

1. Initial investment is very high. 

2. For good efficiency the system must operate at low output temperature. 

3. One-third or more of heating energy is from electricity, this make the system expensive. 

4. Some type of ground loop tends to lower water table in this case the heat pump system require high 

maintenance expenses. 
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4 CHAPTER FOUR: CASE STUDY AT GISENYI HOT SPRING 
 

4.1  Geothermal direct use - temperature and flow requirement. 

Mechanical system design for direct use of geothermal energy involves heat transfer, this heat transfer governs 

feasibility, equipment selection and flow requirements for a given system. John Lund describes two primary 

temperature differences that govern feasibility, flow requirement and equipment [22]. First one is the difference 

between geothermal temperature entering into the system (Tge) and the process temperature. This temperature 

difference is very important for assessing the feasibility of geothermal direct use project, it determines whether the 

geothermal application will be feasible or not. The entering temperature of geothermal fluid must be higher than the 

temperature of the process in order to allow the heat transfer out of geothermal fluid and into the process. 

Temperature must be sufficient above the process temperature to allow the system to be constructed with a 

reasonable size of equipment. The greater the temperature difference between the geothermal source and process, the 

lower the cost of equipment (heat exchanger) [22]. 

                      

 Figure 15: Fundamental direct use temperature differences [22] 

Where;    

Tge:  Geothermal temperature entering into the system 

Tp: Process temperature 

Tgo: Geothermal temperature leaving the system 

Tge -Tp = ∆t, this has influence on feasibility and equipment cost. 

Tge-Tgo = ∆t, this has influence on geothermal fluid flow rate. 
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The second important temperature difference is the difference of temperature of geothermal fluid entering the system 

and that leaving the system (Tgo in Fig. 15). This second temperature difference is used to determine the geothermal 

fluid flow required to meet the heat input requirement for the application. When the temperature difference between 

the entering and leaving fluid streams is bigger, the geothermal flow rate required will be lower. It is clear that the 

resource temperature is fixed, the process temperature (Tp) plays a role in which the leaving geothermal temperature 

cannot be lower than the process temperature to which is providing heat, also the specific application and system 

equipment impose the temperature required. 

4.2  Identification of different possible projects for geothermal direct use in Rwanda 

After a careful consideration of Rwanda energy need, the author has identified the following potential geothermal 

direct use applications: 

1. Cement drying: Fig. 9 gives the temperature range of 250OC to 300OC for cement drying. CIMERWA is a 

Rwandan cement factory located near a geothermal field called Bugarama hot spring. A detailed study should 

be done to analyze the reservoir temperature at Bugarama so that the available geothermal energy could 

successfully be used for cement drying.  

2. Food drying: Fig. 9 gives the temperature range of 100oC to 200oC for food processing. Food drying 

(dehydration) system should be suitable as an added value for preservation of food production (for example 

potatoes) in Northern province. Indoor food drying using geothermal energy is attractive since it does not 

depend on weather conditions.  

3. Fish drying (100oC - 200oC): Fish drying is the best method of fish preservation, this project should be an 

added value on fish production. Such project can be feasible in Rubavu district and Rusizi district where there 

are geothermal energy sources and good fish production capabilities. 

4. Tea drying (100oC to 200oC): In tea factories, tea drying requires a huge amount of energy, firewood is 

usually used to produce steam for tea drying. This approach leads to deforestation for the supply of large 

amount of firewood.  Especially at Pfunda tea factory, firewood can be replaced by geothermal energy since 

the surrounding area has a viable geothermal energy potential. 

5. Balneology: It is a science of medicine using therapeutic bathing in natural hot spring water. Balneologists 

normally classify  spring mineral water in the following categories [37]:  

• Cold springs: with water temperature below 250C 

• Tepid springs: with  water temperature from 25 to 340C 

• Warm springs: with water temperature from 34 to 420C 

• Hot springs: with water temperature above 420C 

Extended investigation should be done on the natural mineral and hot spring water sources in Rwanda for their 

balneologic potential for treatment and cure of diseases. This is not the focus of the present study. 
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6. Swimming pool/tourism: Fig.7 ( Lindal diagram) gives the temperature range of 30oC to 450C for swimming 

pools.  The maintenance of natural hot springs and construction of hotels near the hot springs should be done to 

attract many national and international tourists. 

7. Greenhouse: Fig.9 gives the temperature range of 38OC to 930C for greenhousing applications. Geothermal hot 

water is very applicable for heating greenhouses and maintaining constant temperature inside closed spaces. This can 

help to increase production of horticulture sector in Rwanda for example fruits, vegetables, flowers and mushroom. 

Horticulture sector constitutes a large part of export capabilities, especially flowers and fruits.   

8. Milk pasteurization: Fig.9 gives the temperature range of 60-70oC for milk pasteurization.  Additional research 

should be done on geothermal energy direct use in milk pasteurization, whether or not it is feasible in Rwanda, it 

would certainly help expand the milk production in the country. 

4.3 The study area (Gisenyi hot spring) 

The study area is located near lake Kivu, on the border with Democratic Republic of Congo in Rubavu district, 

Rubavu sector, West province, near to the BRALIRWA factory. 

The area covers approximately 20,000 m2, the average ambient temperature is 230c. The geothermal fluid flows 

towards the Kivu lake, where local people enjoy every day the hot water, see Fig.8 and Fig.16.  

 

  

Figure 16: Gisenyi site hot spring water  
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4.4  Determination of temperature and flow rate  at Gisenyi site 

4.4.1  Methodology 

Four site visits were done whereby two site visits were planned during rainy season and other two site visits in dry 

season. The purpose of these visits was to take temperature records on the site in different seasons to see if there are 

variations in hot spring temperature. The temperature of each separate field visit is taken as an average value of 

different temperature records during one day (several measurements from morning, till evening).  

The second purpose of the site visits was to measure the flow rate of the hot spring. A simplified “bucket” method 

was selected for the measurement of flow rate. The bucket method is a method used for measuring the flow rate of a 

river  or spring, mainly when the flow rate is relatively small (Q<20 l/s) especially in construction of micro-hydro 

power. During this method a bucket or other container of known capacity is used to measure the flow rate as shown 

in Fig. 17. The entire water of the stream is diverted to the container using a pipe and the time it takes to fill the 

container is measured. Q is given by volume of container in liters divided by the time taken to fill it in seconds [38]. 

 

 
Figure 17: Measuring flow by bucket method [38] 

4.4.2  Temperature measurements  

After four different site visits, with the help of digital thermometer and infrared thermometer the temperature was 

measured and the obtained data are summarized in the following table. 

Table 7: Temperature measurement results at Gisenyi site 

 Field Visit 1 Field Visit 2 Field  Visit 3 Field  Visit 4 Average  

Temperature at the surface (0C)  71 70 72 73 71.5 

Temperature at 0.25 m  depth (0C) 74 72 74 75 73.75 

Temperature at 0.5 m depth (0C) 78 77 77.5 78 77.625 
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 The analysis of results shows that,  with interpolation of temperatures, at 30 m  depth  the estimated temperature can 

be found to be above 170 0C. 

The previous geochemical exploration with geothermometer has shown that the reservoir temperature at Gisenyi is 

estimated to be between 150 and 210 degree C [39]. 

4.4.3  Flow rate measurements 

After different experiments using bucket method, the flow rate at the site was found to be  approximately equal to 6 

l/s (0.006 m3/s) on the surface as illustrated in the table below. 

Table 8: Flow measurement results at Gisenyi site 

 Field visit 1 Field visit 2 Field visit 3 Field visit 4 Average  

Flow rate (l/s) 6 6.3 6 5.8 6 

 

4.5  Drying system application concept  

Dehydration or drying of food products is a form of food preservation and conservation method. Drying involves 

removal of water contained in the food so that the moisture content of the resulting dried product is within a 

predefined acceptable level that is enough for a sustained storage of the product for a prolonged period. In food 

drying an external energy source is required in order to remove water from the food. [40]. 

In the drying process two activities are involved, the first one is evaporation of water from substance caused by heat 

transfer action. The second is the mass transfer of evaporated water moving away from the surface and being 

transported from the substance. Typical examples are tomato and fish drying [40]. 

Weather conditions have a strong impact on outdoor drying. Indoor drying of fish can be done in such a way that hot 

and dry air is blown over the fish and the moisture from the fish is removed. It is a great advantage to dry fresh fish 

using hot dry air heated by geothermal fluid through a heat exchanger and therefore make the drying process 

completely independent of weather conditions. A suitable fish drying cabinet is shown in Fig.18 [40].  

Required time for fish drying decreases as temperature increases but at high drying temperature additional volatile 

material may be lost. During experiments, fish were dried successively at 60, 70 and 80oC but some volatile material 

was lost when temperature reached 90oC [41]. Fish drying can also utilize solar energy. Solar collectors have been 

tested to produce heated air at temperature of 50oC with an air flow rate of 1 kg/s, the drying process produced 200 

kg of dried fish from 834 kg of fresh fish. [42]  In this case study, fish will be dried by air heated to 70oC (as delivered 

by an ideal heat exchanger), which practically is reaching the fish drying cabinet at 52oC after the thermal losses and 

inefficiencies involved with the actual heat exchange between geothermal fluid and drying air.  
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Figure 18:  Fish drying cabinet [40] 

 

The system of indoor fish drying offers the following advantages: 

• Short drying time 

• The final product is more consistent in quality and water content since it is possible to have a control on the 

evaporation process. 

• Flies and insects are prevented from contaminating the fish [40] 

 

4.6  Heat extraction from geothermal fluid using a heat exchanger 

The heat extraction potential from geothermal fluid is based on mass flow rate and temperature difference and is 
given by the following formula [43]:  

                                          q = ṁ*Cp*(∆t) 

Where  q: heat flow rate (kJ/s) 

            ṁ: mass flow rate 

            ṁ = Q*ρ 

            Q = volumetric flow rate (m3/s) 

            ρ = density of geothermal water (~1000 kg/m3) 

            Cp = specific heat of water (4.187 kJ/kg0C) 

            ∆t = temperature difference  

Calculated heat extraction potential from the Gisenyi hot spring at 0.006 m3/s is given in the table below for varying 
temperature difference values. 
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Table 9: Heat extraction from geothermal fluid 

∆t 
( oC) 
 

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

Heat 
extracted 
(kJ/s) 
 

251 502 754 1004 1256 1507 1759 2010 2261 2512 2763 3015 3266 3517 3768 

 

4.7  Fish drying calculations 

The amount of water (moisture) that needs to be evaporated from a given quantity of wet fish slices in order to bring 

the moisture content down to a safe storage level within a specified time, is formulated below. [42] 

• The amount of moisture to be removed  from the product , mw in kg, is calculated as follows:  
 

Mi = 𝑚𝑝−𝑚𝑑
𝑚𝑝

∗ 100 

Mf =  𝑚−𝑚𝑑
𝑚

∗ 100  
mw = mp–m 

mw= 𝒎𝒑∗(𝑴𝒊 − 𝑴𝒇)∗𝟏𝟎𝟎
𝟏𝟎𝟎−𝟏𝟎𝟎∗𝑴𝒇

 

Where  “mp” is the initial mass of wet product to be dried, in kg;  “m” is the mass of final product with another 
(lower) moisture content;  “md” being the mass of the fully dry product;  
            Mi is the initial moisture content in % on wet basis;  
            Mf is the final moisture content in % on wet basis.  
 

• The quantity of heat needed to evaporate a given quantity of water is calculated as follows: 

Q = mw * hfg 

Where  Q : total amount of energy required for the drying process (kJ) 

             hfg: latent heat of evaporation at a specified temperature and pressure, in kJ/kg. Latent heat of water can be 
approximated by the following empirical formula: 

             hfg= 4.187*(597–0.56*Tprod)   

Tprod : average temperature of the product and the drying agent during the drying process, in oC.  

In this case study, fish will be dried by air heated to 70oC (as delivered by an ideal heat exchanger), which practically is 
reaching the drying cabinet at 52oC considering the thermal losses and effectiveness of the heat exchanger. The fish 
enters the drying process at an assumed 20oC.  
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4.8  Fish farming and possible dried fish production in Rubavu district 

The average fish production in Rubavu district is 20000 kg/month, the planned future production is estimated to be 
45000 kg/month due to new technology of fish farming. The fish is marketed locally and in the Democratic Republic 
of Congo (Goma). Rubavu district authorities in charge of economy and agriculture said in an interview that they plan 
to expand the fish market.  

In this case study, the future fish production in Rubavu district was estimated to be 45000 kg/month, whereas 20000 
kg/month are to be used directly as fresh fish and the remaining 25000 kg/month are considered to be dried.  

With the help of a portable moisture meter the author has found that the average moisture content of fresh fish is 
80% and the desired moisture content of well dried fish is 10%, therefore:  

 Mi : the initial moisture content is estimated at 80%, i.e. 0.8;  

 Mf : the final moisture content is estimated to be 10%, i.e. 0.1.  

 The amount of moisture to be removed  from 25000 kg of fresh fish is: 

mw =  𝟐𝟓𝟎𝟎𝟎∗(𝟎.𝟖−𝟎.𝟏)∗𝟏𝟎𝟎
𝟏𝟎𝟎−𝟏𝟎𝟎∗𝟎.𝟏

 = 19444.44 kg 

The amount of water to be removed from 25000 kg of fresh fish is 19444.44 kg, on a monthly basis.  

 
 Quantity of heat (energy) required to evaporate 19444.44 kg of water:  

Q= mw * hfg 

The average initial temperature of the wet fish is assumed to be 20oC, while the temperature of the drying air during 
the drying process is estimated at 52oC as explained above. However, for the purpose of conservatively dimensioning 
the process equipment, it is assumed that water evaporation occurs at 20oC during the drying process.  

hfg = 4.187*(597–0.56*20) = 2452.7 kJ/kg  

Q = 19444.44 kg/month * 2452.7 kJ/kg = 47692256 kJ per month 

Q = 18.4 kJ/s 
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5 CHAPTER FIVE: CALCULATION OF HEAT EXCHANGER PARAMETERS  
 

In this part we focus on calculation of parameters and energy analysis of a heat exchanger. These parameters are  

obtained by applying overall energy balances for hot and cold fluids, whereby Qe is the heat power emitted from hot 

fluid, and  Qa the heat power absorbed by cold fluid. We assume that the heat exchanger is well insulated and the heat 

exchange is between the two fluid streams flowing in the heat exchanger. There is a negligible heat loss to the 

surroundings. [45],[46] 

 

Figure 19: Temperature identification for shell and tube heat exchanger [45] 

 

5.1  Heat power emitted from geothermal hot fluid 

Qe = ṁh
*(hh,i-hh,o) = ṁh 

*cp,h
*(Th,i-Th,o)          [46]  

Where  

Qe: Heat power emitted from geothermal hot fluid. 

ṁh: mass flow rate of geothermal hot fluid. 

hh,i,hh,o: Inlet and outlet enthalpies of geothermal hot fluid respectively. 

Th,i,Th,o: Inlet and outlet temperatures of geothermal hot fluid respectively. 

cp,h: Specific heat of geothermal hot fluid. Average value for the temperature range considered. 

For this case study the chosen parameters are:  Th,i= 160 oC, Th,o= 100 oC, Q=0.006 m3/s,  cp,h=4.187 kJ/kg*K,              

 ρ= density=1000 kg/m3 

With this set of data, Qe= 1507 kJ/s  

Heat extracted from geothermal fluid at different temperature difference is summarized in Table 9 above.  
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5.2  Heat power absorbed by cold fluid (Air) 

Qa = ṁc
*(hc,i-hc,o) = ṁc 

*cp,c
*(Tc,i-Tc,o)        [46] 

Where: 

Qa: Heat power absorbed by the cold drying fluid (air). 

ṁc: mass flow rate of cold drying fluid. 

hc,i,hc,o: Inlet and outlet enthalpies of cold fluid respectively. 

Tc,i,Tc,o: Inlet and outlet temperatures of cold fluid respectively 

cp,c: Specific heat of cold air = 1.005 kJ/kg*K as an average value in the considered temperature range. 

 For our case study,  the heat energy required to evaporate 19444.44 kg of water will be 18.40 kJ/s 

The following parameters are assumed for the calculations:  Tc,i= 30oC,  Tc,o= 70oC  and the air density at 300C is 

1.165 kg/m3 as shown in annex 3.  

Using the above formula of heat rate absorbed by cold drying agent (air), the mass flow rate of produced hot air 

delivered to the drying process is equal to 0.454 kg/s  or  390  l/s of air. 

5.3  Logarithmic Mean Temperature Difference (LMTD) and temperature efficiency of a heat exchanger 

LMTD= (𝑻𝟏−𝒕𝟐)−(𝑻𝟐−𝒕𝟏)

𝒍𝒏(𝑻𝟏−𝒕𝟐𝑻𝟐−𝒕𝟏)
 

Where: 

T1 and t1 are the hot geothermal fluid and cold fluid (air) inlet temperature respectively, 

T2 and t2 are the hot geothermal fluid and cold fluid (air) outlet temperature respectively. 

LMTD is always defined as for countercurrent flow arrangement as shown in Fig 19. 

Temperature efficiency for geothermal hot fluid: 

ɳh=
𝑻𝒉,𝒊𝒏𝒍𝒆𝒕−𝑻𝒉,𝒐𝒖𝒕𝒍𝒆𝒕
𝑻𝒉,𝒊𝒏𝒍𝒆𝒕−𝑻𝒄,𝒊𝒏𝒍𝒆𝒕

˟𝟏𝟎𝟎 

With: 

 Th, inlet : Inlet temperature of geothermal hot fluid = 160oC 

Th,outlet : Outlet temperature of geothermal hot fluid = 100oC 
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 Tc,inlet: Inlet temperature of cold drying fluid (air) = 30oC 

 ηh = 46 % 

 

Temperature efficiency for cold fluid (air): 

 ηc =
𝑻𝒄,𝒐𝒖𝒍𝒆𝒕−𝑻𝒄,𝒊𝒏𝒍𝒆𝒕
𝑻𝒉,𝒊𝒏𝒍𝒆𝒕−𝑻𝒄,𝒊𝒏𝒍𝒆𝒕

˟𝟏𝟎𝟎 

With  

Tc,inlet: Inlet temperature of cold fluid (air) = 30oC 

Tc,outlet: Outlet temperature of heated air = 70oC  

This outlet temperature of heated drying agent (air) is the temperature aimed at the exit of the heat exchanger, and due 
to the heat loss of about 25% the air temperature actually delivered for fish drying is 520C. 

ηc= 31 % 

Mean temperature efficiency:  

ηm=(ηh+ηc)/2 

ηm = 38.5 %  

  

5.4  Heat exchanger calculation using the available surface temperature of geothermal hot spring 

1. Heat power available in geothermal hot fluid at its surface parameters  

Qe = ṁh*(hh,i-hh,o) = ṁh *cp,h*(Th,i-Th,o)           

Where  

Qe: Heat power emitted from geothermal hot fluid. 

ṁh: mass flow rate of geothermal hot fluid. 

hh,i,hh,o: Inlet and outlet enthalpies of geothermal hot fluid respectively. 

Th,i,Th,o: Inlet and outlet temperatures of geothermal hot fluid respectively. 

cp,h: Specific heat of geothermal hot fluid. Average value for the temperature range considered. 

The available surface temperature is estimated to be 77.5oC (outlet of geothermal hot spring, Th,i and inlet to the hot 

side of the heat exchanger). 
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Outlet temperature of geothermal hot fluid ( Th,o) is estimated to be 40oC  

Q=0.006 m3/s,  cp,h=4.187 kJ/kg*K,    ρ= density=1000 kg/m3 

From the above parameters the heat power emitted from surface geothermal fluid is Qe= 942 kJ/s 

2. Heat power absorbed by cold fluid (Air)  

Qa = ṁc*(hc,i-hc,o) = ṁc *cp,c*(Tc,i-Tc,o)         

Where: 

Qa: Heat power absorbed by cold fluid (Air). 

ṁc: mass flow rate of cold fluid. 

hc,i,hc,o: Inlet and outlet enthalpies of cold fluid respectively. 

Tc,i,Tc,o: Inlet and outlet temperatures of cold fluid respectively, 30oC, Tc,o=50oC   

cp,c: Specific heat of cold fluid(Air)=1.005 kJ/kg*K as an average value in the considered temperature range. 

For this case study,  the heat energy required to evaporate 19444.44 kg of water will be 18.40 kJ/s 

The air density at 300C is 1.165 kg/m3 as shown in annex 3.  

Using the above formula of heat rate absorbed by cold drying agent, relying only on the available heat from 

geothermal fluid at the surface of the hot spring, the mass flow rate of produced hot air delivered to the drying 

process at 50oC is equal to 0.915 kg/s or 785 l/s of air. 

From the above calculation it can be seen that when the geothermal fluid is used at its surface temperature of 77.5oC, 

the air flow rate needed as drying agent is around double that when underground temperature of 160oC is reached 

after drilling into the hot reservoir. Due to avoiding the high costs of drilling and the involved uncertainties, the 

option of using the surface temperature of hot spring is most affordable and would be the cheapest alternative 

regardless of the larger heat exchanger necessary.    
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6 CHAPTER SIX: ECONOMIC ANALYSIS FOR THE NECESSARY INVESTMENT FOR FISH 
DRYING 
 

In this study, the main finding up to this point is that geothermal direct use is technically feasible in Rwanda. The 
remaining interesting question especially for investors is: ''Would geothermal direct use for fish drying be 
economically viable in Rwanda?" or with other words: "Will the project generate benefits or revenues?'' This involves 
the evaluation of total project costs, the major costs include initial investment or capital investment costs plus 
operation and maintenance costs. A quick and simplified economic analysis using approximated economy values 
derived from similar projects in other African countries is attempted in this chapter.  

6.1 Capital investment costs 

The necessary capital investment cost is found by estimating the cost for civil construction of drying station, the costs 
of equipment (heat exchanger, pumps, piping systems etc.) and installation costs. The heat exchanger constitutes the 
largest portion of equipment costs. Heat exchanger cost is a function of size and material. For this study only a rough 
estimation of the heat exchanger cost is shown in Table 10 below.  

6.2 Operation and maintenance costs 

Operation and maintenance cost should be divided into costs of needed electricity to operate electrical equipment 
such as pumps and fans, costs of equipment maintenance and labor costs. The estimated expenditure and revenue 
values are listed in Table 10 and Table 11.  

For this case, fish drying station should be constructed near geothermal fluid well in order to minimize the cost of 
piping. Once built and set in operation, the process can be handled by only a small number of employees.   

Table 10: Cost estimation for fish drying 

Items Specification  Quantity  Price per unit($) Total price($) 
Heat exchanger   1 20000 20000 
Pumps  Cast iron  1 3500 3500 
Well drilling    30m 100 3000 
Fans  Centrifugal fans 2 1500 3000 
Pipes  Carbon steel 150m 300 45000 
Construction of drying 
station 

  1 150000 150000 

Drying cabinet    1 2000 2000 
Total initial cost       226500 

Depreciation at 1% of 
initial cost 

      2265 

Operation and 
maintenance at 15% of 
initial cost  

      33975 

Total cost       262740 
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Table 11: Fish drying cash inflow 

Items Specification Quantity  
kg/month 

cost in 
$/kg  

Total cost in 
$ 

          
cost of fresh fish Fresh 25000 1.5 37500 
cost of dry fish Dry 5556 8.5 47226 
cash inflow in $/month        9726 
Cash inflow/year       116712 
          
 

6.3 Payback period 

The ratio of initial investment of the project to the annual cash inflow from that project is called a simplified payback 
period. The ratio of these quantities is the number of years required for a project to recover its initial fixed cost. 

Simple payback period = Initial fixed investment of the project
cash inflow from the project

 

Fish drying initial fixed investment and annual expenditures are estimated to be $262740 as shown in Table 10 and 
annual cash inflow is estimated to be $116712 as shown in Table 11. 

Simple payback period = $262740
$116712

 = 2.25 years 

Estimated payback period for geothermal fish drying in Rwanda is only 2.25 years. The project is undoubtedly viable.  

  



44 
 

 

7 CHAPTER SEVEN:  CONCLUSIONS AND RECOMMENDATION 

7. 1 Conclusions 

Rwanda has large potential of renewable energies. The adoption of geothermal direct use in Rwanda is feasible where 

the geothermal energy potential is available. Geothermal direct use is applicable in milk pasteurization, crop and food 

processing, aquaculture, greenhouse technology (variety of crops like vegetables, flowers and mushroom can be 

grown) and in various drying processes. Due to predominantly hot climatic conditions, geothermal energy is not 

applicable for space heating in Rwanda. Cooling and air conditioning for indoor comfort would be a valuable 

alternative for Rwanda and geothermal energy could have been applied in heat-driven cooling processes, however, this 

study focuses only on simple and low-cost direct applications, therefore primarily drying applications are examined.  

The expansion of geothermal energy direct use would have a positive impact on the economy of Rwanda by providing 

new job opportunities and adding value to local industrial production, for example the hereby evaluated fish drying 

application in Rubavu district near lake Kivu. The fish production in this area is more than 20 tons of fresh fish per 

month and is expected to double up in the near future. The dried fish could be exported to a wider market, including 

to neighboring countries. Many different types of fruits and vegetables could also be dehydrated using geothermal 

energy, this would be a very important process for allowing a wider export market of food products from the region. 

Furthermore, geothermal direct use would have a positive environmental impact by replacing the firewood used in 

boilers for tea drying in some tea factories, where applicable. 

A fish drying cabinet and heat exchanger were proposed and evaluated in this case study for the Gisenyi hot spring 

site. The technical feasibility of using geothermal heat for fish drying was the primary focus of the study.  It has been 

concluded that generally, the geothermal-driven drying process is feasible not only technically but also economically, 

and it would certainly have a positive impact on the regional economy.  

7.2 Recommendation 

 The government of Rwanda in its policy for energy diversification should put more efforts in developing 

geothermal direct use projects and in replacing firewood by geothermal heat, where possible.  

 Private sector should be involved in developing geothermal projects, more efforts should be made to attract 

potential investors to support the energy sector especially related to geothermal  direct use. 

 Hotels with swimming pools should be constructed near the hot springs and make efforts to attract national 

and international tourists.  

 Greenhouse technology using geothermal hot fluids should be strengthened to increase the production of 

fruits, vegetables and flowers, including drying applications where possible.  
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9. APPENDICES 

 

1.  Hydro-geology site measurement data 
    

Table 12: In Site Measurements data (Egbert et al., 2009) 

        
Name  X Y m asl Sample -ID T 

Conductivity  
(Us/cm) Ph 

Bisoke Crater Lake  776795 9838704 3586 1 10.2 10 6 
Cyabararika  795307 9833654 1816 2,R10 18.5 2860 5.9 
Mpenge River  794832 9834356 1824 3 15.5 743 6.62 
Mubona Spring  793373 9832788 1803 4 19.5 2940 6.35 
Bushokoro 778849 9839060 2678 20 11.4   5.3 
Karisimbi 772561 9833680 4516 21 2.6     
Karago 780826 9817960 2288 9 64.1 1245 7.12 
Mpatsi 756430 9760506 1698 10 31.2 1665 6.75 
Bitagata  824694 9821590 1859 11 36.6 458 7.08 
Buseruka  801673 9837772 1823 12 17.4 4080 6.5 
Nyakageni 786919 9830507 1878 13 20.5 1790   
Mutera  779612 9824965 2383 14 17.4 215 7.35 
Cyamabuye 775639 9820169 2361 19 16 442 7.01 
Ntango 772094 9831936 3574 15 10.9 37 7.5 
Iriba  764682 9811128 2016 16 22.3 2290 7 
Mbonyebyombi  782654 9816022 2220 18 34.5 921 7.04 
Lake Kivu 751898 9807709 1468 22 24 1189 9.02 
Gisenyi  752918 9807842 1454 5 68 2500   
Gisenyi  752938 9807836 1455 5 73.1 2380 6.68 
Rubindi 784924 9831002 2104 7 18 1964 6.6 
Mutura Waterfall 764004 9816898 2245 8 16.1 189 8.54 
Bushoka River  801647 9837765 1829   16.2 391 7.83 
Gihugu 801497 9837503 1823   18 2600 6.59 
Bukeri Spring 763124 763124 9812193 2010   18.9 247 7.46 
Mashoza Spring  759272 9810900 1840   18.6 210   
Lake Kivu 751898 9807709 1498   24.2 1187 9.14 

 

Source: EWSA 
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2. Density and Specific Weight of Air 

Table 13: Density and Specific Weight of Air [49] 

 

Temperature 
- t - 
(oF) 

Density 
- ρ - 
 (slugs/ft3) x 10-3 

Specific Weight 
- γ - 
  (lb/ft3) x 10-2 

-40 2.939 9.456 
-20 2.805 9.026 
0 2.683 8.633 
10 2.626 8.449 
20 2.571 8.273 
30 2.519 8.104 
40 2.469 7.942 
50 2.420 7.786 
60 2.373 7.636 
70 2.329 7.492 
80 2.286 7.353 
90 2.244 7.219 
100 2.204 7.090 
120 2.128 6.846 
140 2.057 6.617 
160 1.990 6.404 
180 1.928 6.204 
200 1.870 6.016 
300 1.624 5.224 
400 1.435 4.616 
500 1.285 4.135 
750 1.020 3.280 
1,000 0.845 2.717 
1,500 0.629 2.024 

 

 

 

 

 

 

http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
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3. Density and Specific Weight of Air at Standard Atmospheric Pressure in SI Units 

Table 14: Density and Specific Weight of Air at Standard Atmospheric Pressure in SI Units [49] 

 

Temperature 
- t - 
(oC) 

Density 
- ρ - 
(kg/m3) 

Specific Weight 
- γ - 
(N/m3) 

-40 1.514 14.85 
-20 1.395 13.68 
0 1.293 12.67 
5 1.269 12.45 
10 1.247 12.23 
15 1.225 12.01 
20 1.204 11.81 
25 1.184 11.61 
30 1.165 11.43 
40 1.127 11.05 
50 1.109 10.88 
60 1.060 10.40 
70 1.029 10.09 
80 0.9996 9.803 
90 0.9721 9.533 
100 0.9461 9.278 
200 0.7461 7.317 
300 0.6159 6.040 
400 0.5243 5.142 
500 0.4565 4.477 
1000 0.2772 2.719 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  

http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
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4. Ideal gas specific heat capacities of air 

 
Table 15: Ideal gas specific heat capacities of air [49] 

Temperature 
K 

CP 
kJ/kg.K 

Cv 
kJ/kg.K 

 k 

 250  1.003  0.716  1.401 
 300  1.005  0.718  1.400 
 350  1.008  0.721 1.398 
 400  1.013 0.726 1.395 
 450  1.020 0.733 1.391 
 500  1.029 0.742 1.387 
 550  1.040 0.753 1.381 
 600 1.051 0.764 1.376 
 650 1.063 0.776 1.370 
 700 1.075 0.788 1.364 
 750 1.087 0.800 1.359 
 800 1.099 0.812 1.354 
 900 1.121 0.834 1.344 
 1000 1.142 0.855 1.336 
 1100 1.155 0.868 1.331 
1200 1.173 0.886 1.324 
1300 1.190 0.903 1.318 
1400 1.204 0.917 1.313 
1500 1.216 0.929 1.309 
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5. Thermal properties of water 

Table 16: Thermal properties of water [49] 

Temperature  
- t - 

Absolute 
pressure 
- p - 

Density 
- ρ - 

Specific 
volume  
- v - 

Specific 
Heat 
- cp - 

Specific 
entropy 
- e - 

(oC) (kN/m2) (kg/m3) 10-3 (m3/kg) (kJ/kgK) (kJ/kgK) 
0  
(Ice)   916.8       

0.01 0.6 999.8 1.00 4.210 0 
4  
(maximum 
density) 

0.9 1000.0       

5 0.9 1000.0 1.00 4.204 0.075 
10 1.2 999.8 1.00 4.193 0.150 
15 1.7 999.2 1.00 4.186 0.223 
20 2.3 998.3 1.00 4.183 0.296 
25 3.2 997.1 1.00 4.181 0.367 
30 4.3 995.7 1.00 4.179 0.438 
35 5.6 994.1 1.01 4.178 0.505 
40 7.7 992.3 1.01 4.179 0.581 
45 9.6 990.2 1.01 4.181 0.637 
50 12.5 988 1.01 4.182 0.707 
55 15.7 986 1.01 4.183 0.767 
60 20.0 983 1.02 4.185 0.832 
65 25.0 980 1.02 4.188 0.893 
70 31.3 978 1.02 4.191 0.966 
75 38.6 975 1.03 4.194 1.016 
80 47.5 972 1.03 4.198 1.076 
85 57.8 968 1.03 4.203 1.134 
90 70.0 965 1.04 4.208 1.192 
95 84.5 962 1.04 4.213 1.250 
100 101.33 958 1.04 4.219 1.307 
105 121 954 1.05 4.226 1.382 
110 143 951 1.05 4.233 1.418 
115 169 947 1.06 4.240 1.473 
120 199 943 1.06 4.248 1.527 
125 228 939 1.06 4.26 1.565 
130 270 935 1.07 4.27 1.635 
135 313 931 1.07 4.28 1.687 
140 361 926 1.08 4.29 1.739 
145 416 922 1.08 4.30 1.790 
150 477 918 1.09 4.32 1.842 
155 543 912 1.10 4.34 1.892 
160 618 907 1.10 4.35 1.942 

http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/pressure-d_587.html
http://www.engineeringtoolbox.com/pressure-d_587.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html
http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html
http://www.engineeringtoolbox.com/ice-thermal-properties-d_576.html
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Temperature  
- t - 

Absolute 
pressure 
- p - 

Density 
- ρ - 

Specific 
volume  
- v - 

Specific 
Heat 
- cp - 

Specific 
entropy 
- e - 

(oC) (kN/m2) (kg/m3) 10-3 (m3/kg) (kJ/kgK) (kJ/kgK) 
165 701 902 1.11 4.36 1.992 
170 792 897 1.11 4.38 2.041 
175 890 893 1.12 4.39 2.090 
180 1000 887 1.13 4.42 2.138 
185 1120 882 1.13 4.45 2.187 
190 1260 876 1.14 4.46 2.236 
195 1400 870 1.15   2.282 
200 1550 864 1.16 4.51 2.329 
220  840  4.63  
225 2550 834 1.20 4.65 2.569 
240  814  4.78  
250 3990 799 125 4.87 2.797 
260  784  4.98  
275 5950 756 1.32 5.20 3.022 
300 8600 714 1.40 5.65 3.256 
325 12130 654 1.53 6.86 3.501 
350 16540 575 1.74 10.1 3.781 
360 18680 528 1.90 14.6 3.921 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
  

http://www.engineeringtoolbox.com/temperature-d_291.html
http://www.engineeringtoolbox.com/pressure-d_587.html
http://www.engineeringtoolbox.com/pressure-d_587.html
http://www.engineeringtoolbox.com/density-specific-weight-gravity-d_290.html
http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html
http://www.engineeringtoolbox.com/specific-heat-capacity-d_339.html
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6. Different flow measuring techniques and their applications 

 

Table 17: Different  flow measuring techniques and their applications [38] 

Different flow meter 

 

Field of application 

 

1 ) The bucket method 

 

For flow up to 20 l/s 

2) The velocity-area method using  

 

a) a flow meter  

 

 

b) a float 

 

 

 

 

For larger flow ( Q> 20 l/s) with a depth of at least 

10 cm at deepest point 

 

For larger or smaller flow with turbulence 

 

3)stage control method  

4) The weir method 

 
For larger flow ( Q> 20 l/s) rectangular weir and 

smaller flow triangular (vee-notch) weir 

5) The salt dilution method 

 

For smaller flow stream 

6)current meters  
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7. Magmatic rocks at Gisenyi site 
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8. Volcanoes in Northern province of Rwanda 
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9. Used measuring equipment 

 

                    
 Universal portable moisture content tester                                Electronic thermometer 

 

 
Infrared thermometer 
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