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Abstract 
The proposed Grand Inga project could reach a total generating capacity of 42 GW, making 
it the biggest hydropower plant in the world. The scale of the proposed project is immense 
in comparison to numerous national power systems in Sub-Saharan Africa – and their 
relatively small demand. As such, when it reaches its full potential, Grand Inga’s low-cost 
electricity has the potential to dominate the electricity supply mix of neighbouring countries. 
However, as a result of the required mobilization of funds for Grand Inga’s construction, 
potential markets and hence investors need to be identified. Energy-intensive and growing 
economies in Southern and Western Africa are likely destinations for the project’s electricity, 
but this also necessitates transnational grid expansion to enable trade. This paper employs 
a cost-optimization approach to provide an indication, under various scenarios, of selected 
national economies that are likely to demand electricity from Inga and the associated trade 
routes that should be put in place. A national-scale model of the African continent is 
employed and results are compared to a preceding study, which used a coarser resolution 
of the continent’s electricity supply system.  
 
Keywords: Grand Inga; Scenarios; Energy planning; Electricity trade; OSeMOSYS. 

1 - Introduction 
Despite efforts for increasing electrification rates on the African continent, currently only a 
third of the Sub-Saharan population has access to electricity. In the case of Burundi, Malawi, 
Sierra Leone and South Sudan, national electrification rates are below 10%. In addition, 
electrified areas suffer such frequent and extreme power outages that hinder any 
socioeconomic activity; an extreme example is that of Nigeria which experiences more than 
30 outages a month with an average duration of 8 hours [1]. Nonetheless, economies in 
Sub-Saharan Africa are expected to keep growing, with the regional GDP rising at an 
average annual pace of 5.1% between 2012 to 2040. During the same period the population 
is projected to increase by 860 million people, of which 560 million in urban and 300 million 
in rural settlements.  The coupled effect of rising population and economic activity can result 
in a sharp increase in final electricity demand from 368 TWh in 2012 to 1297 TWh in 2040. 
This corresponds to an annual average growth rate of 4.6%, while East and West Africa will 
experience annual electricity demand growth rates of 7.6% and 7.1% respectively [2].  
 
In order to improve access to electricity and meet the increased demand, substantial 
investments in power generation and grid infrastructure are needed. Africa is a continent 
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that is endowed with substantial unexploited hydroelectric [3] and renewable energy 
potential [4], so in light of the COP21 agreement in Paris it can take advantage of its 
latecomer effect [5] to develop a green electricity supply system. Studies conducted at the 
national level show that a combination of grid, mini-grid and off-grid technologies will be 
required for electrification, but grid-connected supply will continue to dominate as the least-
cost solution [6]. As such, it is imperative that unexploited low-cost resources are harnessed 
at a centralized level, where they may exist. The Congo River is such a resource and even 
though the development of the Grand Inga project at Inga Falls in the Democratic Republic 
of Congo (DRC) has been discussed since the first half of the 20th century, only 1,775 MW 
of the 45 GW have been developed thus far in 1972 and 1982 [7].  
 
The Grand Inga scheme would be a mega-scale infrastructural feat that has the potential to 
largely transform the generation mix of the region [8]. The next phase for the installation of 
an additional 5,456 MW is moving forward [9], [10], but based on the uncertainty that has 
characterized project development in the past, completion dates for this and the subsequent 
phases are not definitive. 
 
Previous efforts assessing the competitiveness of the project have looked into trade potential 
between African power pools and how different project development schedules and levels 
of final electricity demand affect the project’s financial viability [8]. Additionally, in a separate 
study, a national-level electricity supply model of the African continent has been developed 
to investigate how trade between countries can serve to unlock unexploited renewable 
energy potential across the continent [11]. The present paper combines the aforementioned 
two efforts in order to identify countries for which the project will have a noticeable impact 
and whether this varies under different scenarios of electricity trade and project 
development. Based on the major consumers of Inga electricity, insights regarding likely 
trade routes are provided. 
 
In section 2 of the paper, a summary of the model used with its key input data and 
assumptions is given, along with a description of the scenarios assessed. In section 3, 
results are presented and discussed for the period 2015 to 2040. The paper wraps up with 
a short summary and concluding remarks in section 4.  

2 - Methods 
The previously developed open-source model of the African electricity supply system 
(TEMBA – The Electricity Model Base for Africa) is used for the analysis [11]. However, in 
the study the focus is given on the biggest single generation project on the African continent; 
Grand Inga. Forty-seven countries are modelled individually using OSeMOSYS (Open 
Source Energy Modelling System) [12]; a linear long-term, cost-optimization, energy 
planning tool. OSeMOSYS is a demand-driven model used to represent energy flows in a 
network of technologies and fuels connected via energy chains and is able to identify the 
least-cost development pathway based on a particular set of techno-economic assumptions 
of the system in question. The key assumptions used in the model are provided in 
Appendices A-C and are equivalent to those from the previous application of the model [11].  
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The model assumes perfect market conditions and provides an optimal solution for the entire 
system. Therefore, in the case of Africa, it is plausible for heavy investments to take place 
in one country so as to provide low-cost electricity in a neighbouring country; thus it is implied 
that a properly regulated market is set in place for the financial compensation of the investing 
parties. This is especially relevant for the project in question as it is a capital-intensive 
endeavour that requires mobilization of funds, as well as secure demand for the generated 
electricity. Similarly, perfect foresight is assumed, which may not be fully representative of 
reality. For instance, investment decisions are taken at a particular point in time assuming 
exact knowledge of future long-term fuel prices, technology cost and performance 
characteristics is available. As such, particular care needs to be given when drawing 
conclusions regarding generation from hydropower plants. To address this issue, a 
moderately conservative level of generation is assumed from the project for the entire 
duration of the model period based on dry year conditions [13]. 
 

2.1 - Scenario Formulation 

The fact that, upon completion, the Grand Inga project will be the biggest hydropower in the 
world signifies the extent of difficulties likely to be faced during development. Taking into 
consideration the long history of delays from conception to realization, it cannot be asserted 
that the full potential capacity will be achieved in the future. The present analysis examines 
a number of scenarios directly or indirectly connected to the development of the project to 
investigate whether effects can be noticed on the generation mix of particular African 
countries under each set of conditions. This helps to identify potential risks for investors. 
Using a similar logic to the predecessor of this study [8], but limiting the number of scenarios 
to three, the main changing attributes are the potential for completion of the project and the 
availability of grid interconnections for cross-boundary electricity trade. As such, the 
assessed scenarios consist of the following: 

 

 Limited Project Development (A0) – In this scenario, only the committed next phase of 
the project (Inga III Low-Head) is assumed to reach completion by 2023. In such a case, 
when compared to the Reference Scenario, impacts on the generation mix of specific 
countries will be sought. Final electricity demand grows at the rates reported in the 
literature [14], while an optimistic deployment of grid interconnections between countries 
is allowed. This corresponds to an Enhanced Trade scenario developed in the preceding 
study [11]. Fossil fuel prices used correspond to the X Policies Scenario of the most 
recent World Energy Outlook [1].  
 

 Continued Project Development (A1) – In this scenario, each phase of the project is 
assumed to be completed according to the expected schedule. Trade of electricity is the 
same as in A0. The purpose of this scenario is to assess whether the full potential of the 
plant can be achieved if favourable conditions apply for both generation and grid 
infrastructure. The different stages of the project are assumed to be completed according 
to the schedule below:  
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Inga III Low-Head (2023) – 5,456 MW 
Inga III High-Head (2033) – 2,486 MW 
Inga IV (2038) – 7,424 MW 
Inga V (2043) - 7,424MW 
Inga VI (2048) - 7,424MW 
Inga VII (2053) - 7,424MW 
Inga VIII (2058) - 7,424MW 

 

 Limited Trade (A2) – If transmission links between countries are kept at existing levels, 
including projects under construction or committed, it is likely that no power corridor will 
be in place to allow exports from DRC. Hence, the project will be able to satisfy a much 
lower level of demand. This scenario investigates what is the maximum capacity of the 
plant that would make financial sense to develop in such a constrained market. The 
extent of grid interconnector development corresponds to the Reference Trade scenario 
of the preceding study [11]. 

 
The above scenarios are analysed in terms of effects on the generation mix of particular 
countries. In this manner, plausible trade routes, and hence the most competitive 
alternatives for grid interconnections, can be recognized.  

3 - Results and Discussion 

3.1 – Grand Inga Project and DRC generation outlook 

The further development of the Grand Inga project will transform the electricity supply sector 
of the host country. DRC has a current installed capacity of 2.6 GW [15], but this figure 
reaches up to 14, 30 and 18 GW by 2050 in scenarios A0, A1 and A2 respectively (Figure 
1). The vast majority of this increase is attributed to hydropower and specifically the Grand 
Inga project. Investments of a smaller extent occur in biomass fired generation, which 
reaches up to 0.5 GW by 2040 in scenarios A0 and A1. No biomass investments occur in 
scenario A2, which only allows low levels of electricity trade. Distributed solar PV 
deployment occurs in all scenarios, reaching a peak of almost 1 GW by 2040 in scenario 
A0. Significant solar PV investments occur in the decade 2041-2050 in scenario A0, as 5.2 
GW of this technology are added to DRC’s electricity supply system. Since only Inga III Low-
Head is allowed in A0, in order to satisfy DRC’s internal electricity demand and demand for 
exports*, other technologies are required to supply a share of the country’s electricity.  
 
The extent of cost-optimal Grand Inga development is significantly affected by the ability to 
export electricity. The next phase of the project is developed in all scenarios to the same 
capacity in 2030, as indicated by Table 1. By 2040, 90% of the allowed capacity additions 
take place in A2, while in A1 all relevant stages are fully developed. In scenario A2, only half 
of the maximum allowed capacity is reached by 2050. It is important to note that the project’s 
full potential within the model period is not achieved in A1 either. This can be attributed to 

                                                           
* An agreement between DRC and South Africa stipulates that 2.5 GW of Inga’s phase III Low-Head will be 
dedicated for exports to South Africa [9].  
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congestion of the grid interconnectors allowed in the model. In scenario A2, where only 
existing and committed interconnector projects are allowed, the total capacity of grid 
interconnectors connected to DRC is only 6.5 GW.  
 

  
Figure 1 – Evolution of total installed capacity in DRC for each of the scenarios. 

 
A previous study, which treated Africa as five distinct power pools and focused on Grand 
Inga scenarios [8], concluded that limitations in trade have a direct impact on the project’s 
financial viability, but not to the substantial extent shown here. In a lower trade scenario, the 
previous study estimated a difference of 0.5 GW out of approximately 20 GW allowed by 
2035, while the equivalent scenario in this study estimates a difference of 1.5 GW out of 
15.4 GW allowed by 2040. Hence it is clear that limitations caused by grid interconnector 
availability become more apparent when trade is defined at the individual country level. This 
indicates that Central African power pool countries cannot access Inga’s electricity without 
further development of grid interconnectors.  
 
Table 1 – Grand Inga cumulative capacity additions (MW) in each scenario (2015-2050). 

Scenario 2030 2040 2050 

A0 5,456 5,456 5,456 

A1 5,456 15,366 27,667 

A2 5,456 14,093 15,782 

Maximum allowed (i.e. for 
A1-A2) 

5,456 15,366 30,214 

 
Exports of electricity from DRC are affected by the level of project development and grid 
interconnector availability. Only Inga III Low-Head, corresponding to 5.5 GW, is developed 
by 2030. At this point in time, approximately 10.5 TWh of net electricity exports occur in 
scenarios A0 and A1 (Figure 2). However, the respective value is only 8 TWh in scenario 
A2, due to the limited trade route availability. This implies a reduction in generation within 
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DRC in A2; which corresponds to the absence of investments in biomass and a decreased 
deployment of distributed solar PV, while output from Inga is the same in all scenarios in 
2030. This suggests that the set of committed grid interconnectors is sufficient to satisfy the 
electricity export needs of the next phase of the project. 
 

 
Figure 2 – Evolution of generation mix in DRC for each of the scenarios.  

 
In 2040, there is net zero electricity exports in scenario A0. Nonetheless, DRC exports 8.6 
TWh to South Africa (via transit countries), but needs to import electricity from East Africa 
(namely Burundi, Uganda and Rwanda) to meet its internal electricity demand. During the 
same year, net exports amount to 52 and 42 TWh in scenarios A1 and A2 respectively. 
Investments in centralized solar PV investments in scenario A0 in the period 2041-2050 
allow DRC to become a net exporter - 20 TWh of net exports occur in 2050. At the same 
time, the large Inga capacity additions in A1 lead to net exports of 95 TWh by 2050. In A2 
the corresponding value is 47 TWh, reflecting the reduced extent of Inga development.  
 

3.2 – Trade routes 

A grid expansion across the African continent has the potential to unlock untapped cost-
competitive energy resources. As illustrated by Figure 3, in A1 all countries represented in 
the TEMBA model are involved in electricity trade by 2050. The level of trade varies 
significantly from country to country. In this scenario, DRC becomes the biggest exporter of 
electricity, while South Africa is the biggest importer. At the end of the model horizon, 
approximately 55% of Inga’s exported electricity is transmitted to South Africa directly or via 
Angola and Namibia. Zambia claims 17% of DRC exports, while the rest of the country’s 
traded electricity goes to Sudan, Burundi, Rwanda, Tanzania, and Kenya via Uganda. Part 
of the electricity exported to Sudan is then transmitted to Egypt, which means that DRC’s 
electricity has demand on both the North-Eastern and Southern tips of the continent.  
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Figure 3 – Electricity trade in 2050 (GWh) in scenario A1. Country codes are provided in Appendix A 
(Table A.1). 

 
Contrary to what had been concluded regarding demand points in the preceding Grand Inga 
study [8], minimal trading of Inga electricity occurs with countries of the Western African 
Power Pool in all scenarios. Even though Nigeria has the 3rd highest final electricity demand 
on the continent with 305 TWh in 2050†, it meets its demand primarily from gas-fired 
generation, hydro and non-hydro renewable generation and small imports from its bordering 

                                                           
† Egypt has the highest demand with 1,040 TWh in 2050, while South Africa has the second largest with 660 
TWh during the same period.  
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countries. This is an important outcome of the study that highlights the advantages of higher 
resolution in the model being used to assess a project of such scale; especially if its 
development is primarily driven by electricity exports.  
 
According to the results of the Continued Project Development scenario, there are specific 
interconnectors that are integral for ensuring Grand Inga’s financial viability, besides the 
committed line to South Africa, which is part of the next phase of the project. Specifically, 
the interconnectors that are invested in are the Westcor project to allow exports to South 
Africa via Angola and Namibia, the 765 kV project connecting DRC with Zambia and lines 
taking electricity to Eastern Africa (i.e. Kenya, Tanzania and Uganda).  
 
In the Limited Trade scenario, only committed projects were considered and forced into the 
solution. Thus, it is difficult to assess whether these are cost-competitive investments. 
Nonetheless, in this case electricity flows towards South Africa either directly or via Namibia, 
Rwanda and Zambia by means of existing or committed interconnectors. Finally, in the 
Limited Project Development scenario, electricity from Inga is exported solely towards South 
Africa again either via a direct interconnector (physically passing through Zambia and 
Botswana) or via Namibia (physically passing through Angola). 
 

3.3 – Effects of Grand Inga on selected national generation profiles in the 

region 

As illustrated above, if the Grand Inga project is further developed, it will generate large 
volumes of electricity for export. This electricity trade can potentially have an effect on 
individual country systems. This section provides insights through a brief comparison of the 
situation in selected countries in each of the examined scenarios.  

South Africa 

As the biggest potential importer of Grand Inga’s electricity, it would be expected that South 
Africa would be affected the most by the limited development of the project. As indicated in 
Figure 4, differences are minor between scenarios A0 and A1. Net imports of South Africa 
throughout the model horizon are similar in the two cases. In the absence of large volumes 
of electricity from Inga (A0), South Africa imports excess electricity from other countries; 
namely Angola, Botswana, Namibia, Zimbabwe, Swaziland and Mozambique increase their 
generation to allow for exports to South Africa. When trade interconnector development is 
limited, as in A2, South Africa increases its coal-fired generation by approximately 25 TWh 
in 2040 and 35 TWh in 2050, as compared to scenarios A0 and A1. Nuclear power 
generation is allowed to increase and contributes to a significant degree in all scenarios.  
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Figure 4 - Evolution of generation mix in South Africa for each of the scenarios. 

Zambia 

In the case of Zambia, the country turns from a net exporter to a net importer by 2050 in all 
scenarios (Figure 5). In scenario A0, Zambia fills part of the void created by the limited 
development of Grand Inga and exports 7 TWh primarily via Namibia and Zimbabwe to 
South Africa, by increasing generation from solar PV and thermal facilities. Similarly, in 
scenarios A0 and A2, the reduced imports of electricity from DRC leads to further 
investments in domestic solar PV and thermal generation than in A1 in order to meet internal 
demand for electricity in 2050.  
 

 
Figure 5 - Evolution of generation mix in Zambia for each of the scenarios. 
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Uganda 

By 2030, Uganda exports 10 TWh of electricity generated by hydro and geothermal power 
plants in all scenarios. Even though in scenario A1 Uganda is not a major importer of 
electricity from DRC but acts as a transit country, a limited Grand Inga development in A0 
has an effect on the generation mix of the country. Due to lower exports from DRC, Uganda’s 
electricity exports increase in A0 in both 2040 and 2050 (Figure 6). The required additional 
generation is produced in biomass-fired facilities, reflecting the large biomass potential of 
the country. However, these figures raise questions as to whether it is more cost-efficient to 
generate domestically and export electricity or rather export the biomass residue itself to the 
countries that require the additional electricity. In A2, the limits on trade interconnector 
development force biomass generation in Uganda to be the lowest of the three scenarios. 
Since biomass can be transported and fired for generation in other countries, it could be 
argued that it is an option worth investigating in such a scenario. This case provides an 
interesting contrast to Grand Inga, whose financial viability is directly affected by trade 
interconnectors, contrary to potential sales of biomass.  
 

 
Figure 6 - Evolution of generation mix in Uganda for each of the scenarios. 

 

Angola 

Angola shows a similar trend to Uganda in that by the end of the model horizon it takes full 
advantage of its hydro potential and exports any electricity generated that exceeds its 
domestic electricity needs. As in the case of Uganda, generation and hence exports in 2040 
and 2050 are the lowest in A2 due to congestion of the existing trade interconnectors. In the 
other two scenarios net exports from Angola amount to 8 TWh in both A0 and A1 in 2040. 
Due to the increasing domestic electricity consumption assumed, in 2050 net exports are 
limited to 4 TWh and 2 TWh in A0 and A1 respectively. Even though the difference in exports 
between A1 and A0 is only 2 TWh in 2050, it is illustrated once again that additional cost-
competitive electricity will be required for exports to South Africa in case Grand Inga is not 
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developed. Comparable to Uganda, once Angola’s hydro potential is tapped, the domestic 
biomass potential is harnessed for generation.  
 

 
Figure 7 - Evolution of generation mix in Angola for each of the scenarios. 

 

3.4 – Implications of the results 

A set of key insights is provided by the results shown above. Firstly, without an enhancement 
of trade interconnections Grand Inga cannot be fully exploited, as the existing and committed 
interconnectors allow a development of up to 16 GW of the project’s potential by 2050. This 
limiting factor has a substantial impact on most exporting countries, such as Angola and 
Uganda, whose generating capacity decreases with reduced trade potential. Therefore, 
planning of any such large scale generation project in Africa must be coupled with the 
equivalent grid network investment decisions. This necessitates collaboration between 
countries, as mobilization of funds will not be possible without ensuring demand for the 
generated electricity; bilateral power purchase agreements could be a potential solution‡. 
Similarly, incentives should be given to transit countries for Inga’s electricity, such as 
Namibia and Angola.  
 
The results reveal a caveat required of the modelling approach. OSeMOSYS is a perfect 
foresight model, which means that conditions throughout the model horizon are predefined 
and visible to the cost-optimization tool. In this sense, in the absence of further Inga 
development (scenario A0), investments occur in other projects in different countries so as 
satisfy the demand for electricity imports in the biggest consumers of the continent; South 
Africa in this specific case. This implies a certain level of coordination between countries, in 
order to promote the most cost-effective projects and keep the cost of electricity at low levels. 
Regional power pools can take up the role of coordinating efforts, while collaboration 
between power pools will also be necessary. Long-term investment roadmaps can be put 

                                                           
‡ An example of this is the agreement between DRC and South Africa [9].  
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together by these entities together with national governments. In turn, these should take into 
account the most cost-competitive generation and grid interconnector projects. By doing so, 
the risk for potential oversizing of the system can be minimized.    
 
The necessity for a competitive properly-functioning market structure for electricity exchange 
across the continent is highlighted by the level of trade in the presented scenarios. In A1, 
trade of electricity within Africa reaches 600 TWh by 2050; final electricity demand for the 
modelled countries in the same year is at 3,800 TWh. In a scenario with limited Grand Inga 
development (A0), electricity trade reduces by 14%. This is a considerable reduction taking 
into account that these figures encompass the whole African continent. Even so, trade in the 
latter case remains at high levels. As such, it is obvious from the results that, with or without 
Inga development, the option for electricity exchange will play a critical part in meeting 
Africa’s rising electricity demand in a cost-effective manner. 

4 - Conclusions 
The paper illustrates that trade potential is one of the deciding limiting factors for the future 
development of Grand Inga. Only half of the available capacity is utilized by 2050, if no 
further interconnector projects become approved. Additionally, the study provides insights 
as to the level of adequate resolution in energy system models. By increasing the model 
detail to a national level, results indicate that Inga’s electricity will primarily be consumed by 
countries in Southern Africa and to a lesser extent East Africa. In a previous study making 
use of an aggregated five-region model, West Africa was a key consumer of electricity from 
DRC [8], but this is disproven in the current national-scale model, despite the comparable 
input data used. Similarly, the effects of a limited trade scenario on Grand Inga’s viability are 
more pronounced in this study.  
 
Despite the vast size of Grand Inga, its impact is relatively low in big grid systems, such as 
South Africa. Even Zambia’s electricity system, which is of moderate size and will be a key 
transit country for Inga’s electricity, experiences limited changes in its generation mix 
whether the project is developed or not. The most impact is visible in smaller systems, whose 
generation profile can transform considerably with electricity imports from DRC. Further, in 
case Inga is not developed further, small systems, such as Uganda, can increase their 
generating capacity based on local renewable energy resources and fill in Inga’s gap in 
terms of electricity exports. A future active collaboration with local authorities will benefit the 
relevance of the outputs of any such analysis. This will also improve the accuracy of the 
results as country- and project-specific data can be used for all the different investment 
options.  
 
Future work focusing on the African electricity supply system could include an analysis of 
potential fuel trade within the continent at lower prices than the international market. This 
would allow for instance a further exploitation of biomass residue from countries such as 
Uganda, and would reduce the need for an enhanced continental grid. Furthermore, the 
political risk inherent with infrastructure development in Africa has not been accounted for 
in this nor the preceding connected studies. Africa has experienced numerous conflicts in 
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the past decades and DRC is one of the countries that has been affected considerably [16]. 
As such, the perceived risk for potential investors is high. An optimization of infrastructure 
deployment that considers political risk along with cost would provide valuable insights as to 
Grand Inga’s competitiveness.    
 
The analysis illustrates the effect of trade on the project’s viability. However, there are 
numerous other factors that may affect the risk of the investment and that can be taken into 
account in the current setup of the model. Such aspects include the growth rate of electricity 
demand in Sub-Saharan Africa, price of fossil fuels and renewable energy technologies, as 
well as climate change effect on water availability for hydropower. These parameters, 
amongst others, can be examined as part of a multidimensional scenario discovery [17], in 
which hundreds or thousands of scenarios can be run to identify the areas in which the 
project’s competitiveness is most sensitive to.  
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Appendices 
Appendix A – Final Electricity Demand Projections 
Table A.1 – Final Electricity Demands in each country (TWh). 

 Code 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Angola AO 5.1 7.9 10.8 14.3 18.2 20.7 23.9 25.3 26.8 
Burkina Faso BF 0.7 1.0 1.5 2.1 3.0 4.3 5.8 8.5 11.2 
Burundi BI 0.1 0.2 0.4 0.6 1.0 1.4 1.9 2.4 3.1 
Benin BJ 1.1 1.7 2.6 3.7 5.0 7.1 9.3 13.2 17.1 
Botswana BW 3.7 4.7 6.2 6.7 7.1 7.3 7.5 7.6 7.7 
Congo, the Democratic 
Republic of the 

CD 7.6 11.9 18.2 26.8 36.2 42.9 48.7 49.5 50.3 

Central African Republic CF 0.1 0.2 0.4 0.8 1.3 1.8 2.5 2.9 3.3 
Congo CG 0.5 0.6 0.9 1.4 2.1 3.0 4.2 4.8 5.5 
Côte d'Ivoire CI 4.7 6.4 9.0 11.8 15.0 19.5 24.1 31.4 38.6 
Cameroon CM 4.9 6.6 9.2 12.8 17.7 24.3 33.1 37.8 42.5 
Djibouti DJ 0.4 0.7 0.9 1.0 1.1 1.2 1.3 1.5 1.6 
Algeria DZ 33.8 43.4 61.6 91.1 130.1 179.0 187.7 216.6 245.5 
Egypt EG 137.1 185.4 246.7 324.7 423.9 547.5 691.3 854.1 1037.3 
Eritrea ER 0.3 0.4 0.6 0.9 1.3 1.7 2.3 3.0 3.9 
Ethiopia ET 4.8 8.9 14.5 21.6 31.8 46.9 65.2 86.1 110.3 
Gabon GA 1.4 1.6 2.1 2.7 3.5 4.4 5.6 6.3 7.0 
Ghana GH 8.7 12.0 16.5 22.0 29.5 41.0 53.1 74.9 96.7 
Gambia GM 0.2 0.5 0.7 0.9 1.1 1.3 1.6 1.9 2.2 
Guinea GN 0.4 1.2 6.2 7.0 7.6 8.3 9.0 9.8 10.6 
Equatorial Guinea GQ 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.4 
Guinea-Bissau GW 0.1 0.1 1.0 1.1 1.3 1.4 1.6 1.9 2.2 
Kenya KE 8.1 13.8 20.8 30.8 45.3 65.3 89.3 117.0 148.8 
Liberia LR 0.0 1.3 2.0 2.1 2.3 2.5 2.7 3.1 3.5 
Lesotho LS 0.5 0.6 0.8 0.9 1.2 1.5 1.8 2.3 2.8 
Libya LY 26.5 33.8 47.7 70.4 100.4 137.9 144.6 166.8 189.0 
Morocco MA 23.4 31.3 46.6 70.5 102.6 143.6 150.4 174.3 198.1 
Mali ML 0.9 1.9 3.0 3.8 4.7 5.8 6.9 8.6 10.2 
Mauritania MR 0.8 1.0 1.4 1.9 2.5 3.3 4.5 6.1 8.2 
Malawi MW 1.3 2.0 2.6 3.4 4.4 5.7 7.1 9.3 11.6 
Mozambique MZ 3.2 4.2 5.2 6.4 7.9 9.8 11.8 14.6 17.5 
Namibia NA 3.2 3.7 4.4 5.2 6.1 7.2 8.3 9.7 11.2 
Niger NE 0.7 1.1 1.4 1.8 2.2 2.8 3.3 4.2 5.0 
Nigeria NG 32.9 59.4 80.6 110.2 136.0 169.2 203.7 254.4 305.1 
Rwanda RW 0.3 0.6 1.0 1.5 2.2 3.1 4.1 5.3 6.7 
Sudan SD 6.1 12.2 21.4 34.9 54.3 80.0 110.7 146.6 187.9 
Sierra Leone SL 0.5 1.3 5.6 5.9 6.1 6.3 6.6 6.9 7.2 
Senegal SN 2.1 3.1 4.6 6.2 8.1 10.7 13.4 17.8 22.2 
Somalia SO 0.3 0.5 0.8 1.1 1.6 2.1 2.8 3.7 4.9 
Swaziland SZ 1.1 1.3 1.5 1.6 1.7 1.9 2.0 2.2 2.4 
Chad TD 0.2 0.3 0.5 0.8 1.6 2.8 4.3 5.0 5.7 
Togo TG 0.8 1.3 2.0 2.8 3.8 5.4 7.1 10.1 13.1 
Tunisia TN 13.3 18.1 26.2 37.7 52.1 69.4 69.3 69.3 69.3 
Tanzania, United Republic 
of 

TZ 4.0 6.3 9.6 14.0 20.7 27.4 33.8 42.2 50.6 

Uganda UG 2.9 3.8 5.1 6.9 8.9 11.2 13.7 16.7 19.9 
South Africa ZA 232.1 271.9 324.6 369.3 415.0 474.5 520.5 589.8 659.1 
Zambia ZM 11.3 14.8 19.4 25.1 32.5 42.6 53.2 70.0 86.9 
Zimbabwe ZW 8.7 10.9 13.4 16.5 20.3 25.1 30.1 37.3 44.6 
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Appendix B – Techno-economic parameters 
Table B.1 - Technical Parameters for key power generating technologies 

Technology Variable 
O&M 

Investment 
Cost (2010) 

Life Load 
factor 

Efficiency Construction 
Time 

  $/MWh $/kW yrs     yrs 

Diesel Centralized 17 1070 25 80% 35% 2 

Diesel 100 kW system (industry) 55 659 20 80% 35% 0 

Diesel/Gasoline 1kW system (residential/commercial) 33 692 10 72% 21% 0 

HFO 15 1350 25 80% 35% 2 

OCGT 20 603 25 85% 30% 2 

CCGT 3 1069 30 85% 48% 3 

Supercritical coal 14 2403 35 85% 37% 4 

Small Hydro 5 4000 50 17% N/A 2 

Biomass 20 2500 30 50% 38% 4 

Wind onshore 16 2000 25 Varies N/A 1 

Solar PV (utility) 20 2000 25 25% N/A 1 

Solar PV (roof top) 24 2100 25 20% N/A 1 

PV with 1 hour Battery 24 4258 25 22.5% N/A 1 

PV with 2 hour Battery 24 6275 25 25% N/A 1 

Solar thermal no storage 22 2910 25 35% N/A 1 

Solar thermal with Storage 19 5238 25 63% N/A 1 

Solar thermal with gas co-firing 19 1374 25 85% 53% 2 
 

Table B.2 – Fuel costs 

USD/GJ 2015 2020 2030 2040 

Biomass 1.50 1.50 1.50 1.50 

Coal (domestic) 2.50 3.00 4.00 4.00 

Coal (imported) 3.75 4.50 6.00 6.00 

Crude oil 18.77 20.47 23.03 23.03 

Diesel (coastal) 24.10 26.30 29.60 29.60 

Diesel (inland) 27.70 30.20 34.00 34.00 

Gas (domestic) 9.00 9.50 11.00 11.00 

Gas (imported) 11.65 12.30 14.20 14.20 

Heavy fuel oil (coastal) 14.20 15.50 17.40 17.40 

Heavy fuel oil (inland) 17.90 19.50 22.00 22.00 
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Appendix C – Transmission and Distribution 
Table C.1 – Losses in national transmission and distribution networks 

 Transmission Distribution 

  Industry Urban Rural 

  2010 2020 2040 2010 2020 2040 2010 2020 2040 

Angola 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Burkina Faso 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Burundi 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Benin 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Botswana 5.0% 3.0% 2.0% 1.0% 15.0% 10.0% 8.0% 20.0% 20.0% 20.0% 
Congo, the Democratic Republic 
of the 5.0% 3.0% 2.0% 1.0% 25.0% 10.0% 8.0% 20.0% 20.0% 20.0% 
Central African Republic 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Congo 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Côte d'Ivoire 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Cameroon 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Djibouti 2.3% 0.4% 0.4% 0.4% 3.6% 3.6% 3.6% 12.0% 12.0% 12.0% 
Algeria 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Egypt 3.6% 3.1% 3.1% 3.1% 1.3% 1.3% 1.3% 12.0% 12.0% 12.0% 
Eritrea 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Ethiopia 3.4% 0.1% 0.1% 0.1% 4.4% 4.4% 4.4% 12.0% 12.0% 12.0% 
Gabon 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Ghana 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Gambia 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Guinea 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Equatorial Guinea 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Guinea-Bissau 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Kenya 5.3% 0.7% 0.7% 0.7% 9.6% 9.6% 9.6% 12.0% 12.0% 12.0% 
Liberia 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Lesotho 5.0% 2.0% 2.0% 1.0% 12.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Libya 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Morocco 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Mali 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Mauritania 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Malawi 5.0% 2.0% 2.0% 1.0% 20.0% 10.0% 8.0% 30.0% 20.0% 20.0% 
Mozambique 5.0% 5.0% 4.0% 2.0% 30.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Namibia 5.0% 2.0% 2.0% 1.0% 20.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Niger 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Nigeria 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
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Rwanda 1.8% 0.1% 0.1% 0.1% 0.7% 0.7% 0.7% 12.0% 12.0% 12.0% 
Sudan 7.0% 2.4% 2.4% 2.4% 10.5% 10.5% 10.5% 12.0% 12.0% 12.0% 
Sierra Leone 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Senegal 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Somalia 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Swaziland 5.0% 2.0% 2.0% 1.0% 15.0% 10.0% 8.0% 20.0% 20.0% 20.0% 
Chad 1.4% 1.1% 1.1% 1.1% 1.6% 1.6% 1.6% 12.0% 12.0% 12.0% 
Togo 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Tunisia 5.0% 2.0% 2.0% 1.0% 20.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Tanzania, United Republic of 5.0% 2.0% 2.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Uganda 2.3% 0.4% 0.4% 0.4% 3.5% 3.5% 3.5% 12.0% 12.0% 12.0% 
South Africa 5.0% 1.0% 1.0% 1.0% 17.0% 10.0% 8.0% 25.0% 20.0% 20.0% 
Zambia 5.0% 4.0% 3.0% 1.0% 25.0% 15.0% 8.0% 30.0% 20.0% 20.0% 
Zimbabwe 5.0% 2.0% 2.0% 1.0% 17.0% 12.0% 8.0% 20.0% 20.0% 20.0% 

 

 


