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Abstract: The electricity supply of Rwanda is composed of domestic generation and the imported electricity from neighboring countries and regional 
shared power plants. The sources of energy used are from hydropower plants, thermal power plants (Diesel and Heavy fuel generators), methane gas 
and solar energy. Rwanda possesses significant renewable energy resources and the government aims to utilize these in order to reach its target of 
increasing total generation capacities and 100% of households should be connected by 2024. Renewable energy technologies are available from 
different natural resources such as biomass, geothermal, hydropower, and Solar (photovoltaic and solar thermal). In this paper, the authors analyzed the 
development of the most renewable energy sources and technologies. The result shows that renewable energy resources appear to be one of the most 
efficient and effective solutions for clean and sustainable energy development in Rwanda and geographical location has shown the advantages for 
developing the use of most renewable energy sources. Rwanda’s energy and electricity supply are dominated by hydropower, solar, biomass and 
thermal, but the environmental impacts and cost of each technology have to be taken into considerations. The authors recommend the government to 
promote the use of small/mini-grids in power generation in both rural and urban areas and also to allocate necessary resources to maintain and sustain 
the renewable energy technologies.   
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1. INTRODUCTION 
Rwanda is a landlocked country in the east-central region of 
Africa. It borders Tanzania to the east, Uganda to the north, 
the Democratic Republic of the Congo to the west, and 
Burundi to the south. A country with a land area of 26,338 
square kilometers and a population growth of 12,756,625 
(2018). It is densely populated, and its gross domestic product 
(GDP) in 2016 was 729 (constant) 2016 U.S. dollars per 
capita. Rwanda’s economy is growing at an average annual 
rate of 8.3%, and the government’s goal is to achieve an 
average annual growth rate of 11.5% during the Second 
Economic Development and Poverty Reduction Strategy 
(EDPRS II) (2013-2018) [1]. Rwanda has a mild climate and 
relatively high rainfall. The current rainfall pattern in Rwanda 
shows that the average annual rainfall in the mountainous 
areas in the western part of the country exceeds 1500 mm, 
and the average annual rainfall in the eastern region is slightly 
less than 700 mm. The country’s rainfall pattern is 
characterized by four seasons: short rainy season 
(September, October and November), short dry season 
(December, January and February), long rainy season (March, 
April and May). Months) and the long rainy season. Dry 
season (June, July and August). The average annual 
temperature in Rwanda is between 15-17˚C at high altitudes 
and as high as 30˚C in lowland areas in the east and 
southwest. Rwanda has experienced a temperature rise of 
1.4°C since 1970, which is higher than the global average. It is 
expected that the temperature will rise by 2.0°C from 1970 in 
the 2030s.  
 
 
 
 
 
 
 
 
 
 
 

Rwanda is growing rapidly in terms of population, 
urbanization, and industry. Access to electricity is essential for 
maintaining industrial development and improving people’s 
quality of life. The current power supply rate is 40.8% (235.6 
MW of power generation), and the government's goal is to 
achieve 100% (556 MW of power generation) for households 
and production users by 2024.The structure of electricity 
generation capacity for Rwanda and the cumulative 
connectivity rate is 56.7% of Rwandan households including 
41.3% connected to the national grid by 15.4% accessing 
through off-grid systems.  Figure 1 shows the evolution of 
electricity access from different technologies. The International 
Energy Agency (IEA) has provided the following definition: 
―renewable energy is derived from natural processes that are 
replenished constantly. In its various forms, it derives directly 
or indirectly from the sun, or heat generated deep within the 
earth. Included in the definition is energy generated from solar, 
wind, biofuels, geothermal, hydropower and ocean resources, 
and biofuels and hydrogen derived from renewable 
resources.‖Twidell and Weir have also provided the following 
definition: ―Renewable energy may be defined as ―energy 
obtained from the continuing and repetitive currents of energy 
passing through the environment‖. Note that renewable 
energy passes in the environment, whether or not it is utilized, 
whereas the finite sources represent a potential requiring 
external action for the release of energy, which is usually 
initiated by man. In line with the above definitions and based 
on the related literature, renewable energy sources (RES) can 
be classified under seven categories [2-3]: (i) hydro; (ii) 
geothermal; (iii) solar ;( iv) tide/wave/ocean; (v) wind; (vi) solid 
biofuels, biogases, liquid biofuels; and (vii) renewable 
municipal waste. A renewable electricity generation technology 
harnesses a naturally existing energy flux, such as wind, sun, 
heat, or tides, and converts that flux to electricity. Natural 
phenomena have varied time constants, cycles, and energy 
densities. Renewable energy technologies enable us to create 
electricity, heat and fuel from renewable sources. In Rwanda, 
diverse renewable energy resources, like hydropower, wind, 
solar, biomass, geothermal, etc., share 53.8% of the total 
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generation. The description of renewable energy sources and 
their applications are summarized in table1.  
 

 
Fig. 1. Evolution of electricity access from different 

technologies  
 

2. CURRENT STATUS OF RENEWABLE ENERGY 

TECHNOLOGIES IN RWANDA 
In Rwanda, hydroelectric power plants are either publicly 
owned and operated, leased to private companies, or privately 
owned (IPP). It is the most widely used form of power 
generation from renewable sources. In the past decade, 
Rwanda's hydropower industry has made tremendous 

progress. The total available power capacity in the country is 
about 226.7 MW, and hydropower accounts for 55% of the 
total installed capacity [4]. Rwanda has high solar irradiance, 
1890kWh/m2 in the eastern provinces. It is usually 
characterized by the Savannah climate, and its geographical 
location gives it sufficient solar radiation intensity, 
approximately equal to 5kWh/m

2
/day, and approximately 5 

hours of peak sunshine per day. 
Approximately 12 small-grid solar power plants have been 
installed, generating between 10 and 30 kilowatts. By the end 
of September 2020, 286,841 households will be connected to 
electricity through solar home systems, and 69% of homes will 
use solar home connection systems off the grid. Rwanda has 
a very positive geothermal outlook indicator that can be used 
for commercial development for power generation and 
industrial use. A rapid wind energy assessment conducted at 
five locations in Rwanda evaluated wind energy potential and 
concluded that most areas are not suitable for wind energy [4-
6]. In the past 10 years, the number of grid-connected 
connections has increased by more than 10 times. The 
Rwandan government has made a clear policy decision to 
diversify the sources of electricity from the traditional dominant 
grid, even including off-grid connections. Subsequently, 
households far away from the planned national grid coverage 
are encouraged to use other cheaper connection methods, 
such as microgrids and solar photovoltaic (PV), to reduce 
electricity costs while alleviating historical government 
subsidies. 

 
TABLE 1. MAIN RENEWABLE ENERGY SOURCES WITH THEIR USAGE FORMS 

 
Item no Energy resource Energy conversion and usage option Current Status Total contribution 

1 Hydropower  Power generation  On/Off Grids(working) 119.3 MW (55%) 
2 Biomass Heat, woodfuel, Charcoals, Briquettes and pellet Rural and Urban uses of 

woodfuels and charcoal 
Cooking fuels 

3 Geothermal Under exploration  Ongoing project (power 
generation near future) 

Plan 

4 Indirect solar Solar home system, solar dryers, solar cookers, 
water heaters 

Working 12.230MW (5%) 

Direct solar Photovoltaic, power generation On/Off Grids (working) 
5 Wind Power generation, wind generators, windmills Ongoing project (power 

generation near future) 
Plan 

 

 
Fig.2. Electricity access in different districts at the end of December 2020 
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3. RENEWABLE ENERGY POLICY AND 

REGULATION 
The Rwanda Utilities Regulatory Authority (RURA) was 
created with the mission to regulate key public utilities and 
grant licenses in Rwanda. The agencies promote research 
and development for new, efficient equipment and protect the 
rights of consumers. Given the Law no21/2011 of 23/06/2011 
governing electricity in Rwanda, especially in its articles 30, 
31, 32 and 33, considering the regulations 
No.001/Energy/RURA/2012 of 09/02/2012 on Rwanda 
Renewable Energy Feed-in tariff [7]. The key elements of the 
RURA on the development and utilization of renewable energy 
and its technologies are as follows: 

 Create an enabling environment for renewable 
electric power generation in Rwanda 

 Establish a guaranteed price for electricity generated 
from renewable for a fixed period of time that provides 
a stable income stream and an adequate return on 
investment 

 Create a dynamic mechanism that reflects the market 
and economic developments, 

 Provide access to the right and an obligation to 
purchase power generated, 

 Establish an equal playing field with conventional 
electricity generation 

 Create a critical mass of renewable energy 
investment and support the establishment of a self-
sustaining market. 

 
4. DATA COLLECTION  
Renewable energy resources and technologies are a key 
component of sustainable development for 
three main reasons: They generally cause less environmental 
impact than other energy sources. The variety of renewable 
energy resources provides a flexible array of options for their 
use. They cannot be depleted. The suggested key strategies 
to enhance renewable energy technology development in 
Rwanda are the government should do more in the area of a 
public awareness campaign to promote renewable energy 
technologies and also improving access to microfinance loans 
by potential consumers. Research and development in the 
area of renewable energy should be encouraged. This will 
enable the growth of human capacity and ensure that the 
technologies which are mostly imported can be manufactured 
in the country. The capabilities of renewable energy 
technologies for sustainable developments are summarized in 
table 2 
 
 
 
 

TABLE 2.EVOLUTION OF THE RENEWABLE ENERGY TECHNOLOGY IN RWANDA 
Indicator Year 

Installed Capacities(MW) 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Electricity Installed capacity  110.1 111.6 115.6 130.9 211.9 221.0 244.5 254.8 254.8 

Electricity installed capacity in Total 
renewable energy  

56.4 57.8 61.9 77.1 109.1 118.3 126.8 137.1 137.1 

Electricity installed capacity in Hydropower  55.2 56.5 60.1 66.3 94.3 98.3 98.8 98.8 98.8 
Electricity installed capacity in Wind  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Electricity installed capacity in Solar  0.3 0.5 0.9 10.0 14.0 19.1 27.2 37.5 37.5 
Electricity installed capacity in Bioenergy  0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Electricity installed capacity in Geothermal  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Electricity supply and use (GWh) 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Electricity export  18.1 2.9 2.8 3.1 3.5 0.0 0.0 0.0 0.0 
Electricity import  90.3 90.6 92.9 93.3 93.6 98.2 107.0 117.0 127.6 
Electricity final consumption  273.6 288.9 373.2 407.7 411.8 423.9 437.4 452.4 469.0 
Electricity generation, Total  342.3 350.1 475.3 527.4 533.4 539.8 546.8 554.4 562.0 
Electricity generated from renewable sources  152.3 154.4 219.4 219.4 221.9 224.5 227.2 230.1 233.1 
Electricity generated from hydropower  149.0 149.8 214.5 214.5 216.8 219.3 222.0 224.8 227.7 
Electricity generated from solar  1.3 2.6 3.0 3.0 3.1 3.1 3.2 3.2 3.2 
Electricity generation per Capita (KWh) 32.6 32.5 43.0 46.5 45.9 45.3 44.8 44.3 43.9 
Electricity final consumption per capita 
(KWh) 

26.0 26.8 33.7 35.9 35.4 35.6 35.8 36.2 36.7 

Electricity access (%) 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Population access to electricity-National  10.8 17.5 15.2 19.8 22.8 29.4 34.1 34.7 NA 
Population access to electricity-Urban  58.2 67.6 61.5 71.8 72.9 80.0 84.8 89.1 NA 
Population access to electricity-Rural  1.1 7.3 5.8 9.2 12.5 19.0 23.6 23.4 NA 

 

5. FINDINGS AND DATA ANALYSIS 
Sustainable development is a multidimensional concept that 
ensures equally the environmental component in sustainable 
consumption of natural resources and protection of 
environmental factors that consider health care for the 
population which is the social side of equality, and quality of 
life and stop poverty which the economic side by increasing 
sustainability. Rwanda as one of the developing countries, the 
sustainable development of renewable energy technologies 
are necessary especially for building resilient cities (rural and 
urban), reducing poverty and safeguarding the natural 
environment. The development and use of renewable energy 
technologies will improve energy security, the environment, 

economy, mechanical manufacturing, construction, 
transportation and industry. A main economic driver to the 
enhancement of renewable energy technologies is their job 
creation potential. Renewable energy sources such as solar, 
wind and biofuels/biomass can meet local energy demands 
and assist to improve living conditions and environmental 
protection. Renewable energy technology drives the 
sustainable economic growth of the country improves human’s 
well-being and overall welfare well beyond gross domestic 
product produced within a specific time period. In Rwanda, 
solar energy technology has been proven to be the most 
efficient and effective among renewable energy sources for 
home and commercial use but the technology is limited to 
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daytime availability and can’t be obtained during the night or 
rainy seasons. Hydropower development is difficult due to a 
large initial investment cost, environmental concerns and 
problems for local residents associated with the need to 
relocate large populations, as well as the construction of dams 
are permanent with a sunk cost utilities. The most dominant 
renewable energy technology used for electricity generation 
capacities is shown in figure 4.The major considerations 
involved in the development of renewable energy technologies 
for sustainable development are shown in figure 3. Enhance 
human capacity in the field of renewable energy development. 
Capacity building in the areas of training to install, operate, 
maintain and manufacturing renewable energy is lacking in 
Rwanda. The quality and standards of renewable energy 
technologies should be verified before the 
customers/Consumers used them. The technical barriers to 
the development of renewable energy technologies include 
inadequate technology and lack of infrastructure necessary to 
support the needed technologies because imported types of 
equipment are expensive and unaffordable compare to locally 
assembled/made.  Renewable energy technology provides 
substantial benefits to our climate, health, economy and they 
don’t emit carbon pollution and actually contribute to 
significant reductions in greenhouse gas emissions. 
Preparation, development and implementation of renewable 
energy projects have social and territorial development 
impacts in rural areas, where it can create job opportunities 
and bring other economic benefits.  

 
Fig.3. Summary of the development of renewable energy 

technologies           

 
Fig. 4. Evolution of electricity installed capacity from 

renewable energy technology 

6. CONCLUSION 
Renewable energy sources are fast becoming the preferred 
means of providing electricity access to remote areas in the 
different districts where the national grids cannot be easily 
extended to. People are encouraged to use mini-grids 
solutions (solar and hydro) but the initial installation costs are 
expensive. The development of renewable energy technology 
in Rwanda was summarized as follows: Geothermal resources 
have shown potential for both direct heating and electricity 
generation purposes. The technology developments have 
focused on exploration, extraction and general technical 
system design. Rwanda’s geographical location is suitable for 
solar energy resources but the technology has not been fully 
exploited. Once well exploited solar energy technology would 
significantly accelerate access to electricity in rural areas. PV 
systems are also showing improving performance limitations 
of components such as batteries and inverts. The solar home 
systems are required for improved system integration. Solar 
energy development is dependent on weather conditions. 
Variation in weather including clouds and pollution could affect 
solar power generation. Therefore, solar power development 
and generation varies by season, location and daytime. 
Biomass technology is characterized as having the 
environmental impacts of CO2 increase. Emissions for 
particles from the combustion process of solid biomass is a 
negative impact while  biogas technology has a positive 
impact from a life cycle perspective due to the reduction in 
runoff from the leaving organic matter used for fertilizing on 
the ground. Currently, more than 11,000 domestic biogas 
plants are being installed and about 60% of them are 
operational and 40% need to be repaired and preventive 
maintenance. There are three main challenges for the 
development and sustainability of domestic biogas plants. 
Firstly, high initial installation costs and maintenance costs, 
secondly, a lack of basic technical know-how on the user’s 
behalf and technicians are not local enough, thirdly, 
insufficiency of feeding materials and the problem of relocation 
from one place to another.  Hydropower development depends 
on the constructed dams, climate variation and land use. The 
dams have a lifespan means that they are not really a 
sustainable long time strategy. Some rivers and lakes are 
being targeted for hydropower development given their 
potential to produce energy but with the consideration of 
reducing the environmental and social consequences of such 
energy development. Hydropower has an important role to 
play as a provider of inexpensive energy complemented by in-
stream hydro and partnering with solar, biomass and wind to 
provide power toward a sustainable future.   
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