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Introduction

The Democratic Republic of Congo (DRC) has vast energy resources, yet less than 20 % of the population
of more than 80 million have access to electricity. In addition, electricity access is unevenly distributed, with
the production and consumption of electricity concentrated around Kinshasa and the mining regions, while
electricity supply in places such as the north and central areas is weak and often non-existent. The rural
electrification rate is currently estimated to be less than 1 %. It is therefore not surprising that electricity
provides only a small share of national energy consumption. Electricity consumption per capita is one of
the lowest in the world; in 2016 it was estimated that 94 % of the energy used in the DRC was provided by
wood or charcoal.
Access to clean and affordable energy services is a necessity for sustainable development. Although difficult
to measure, the potential benefits of increasing access to electricity are numerous, including improved health
care services, refrigeration, clean drinking water, street lighting, communications technologies, mobile
banking and education, as well as enabling local productive, community, industrial and commercial activities.
The DRC does not lack opportunities for providing clean and renewable electricity; the Congo River, which
is the world’s second-largest river by discharge volume, and many other large rivers provide numerous
opportunities for hydropower infrastructure. The country also has extensive solar, wind and geothermal
resource opportunities, which are as yet to be harnessed at scale.
Although ambitious universal electrification targets1 have been set in the DRC, energy planning for
electrification in the DRC is limited at both the central and provincial levels, and the data needed for energy
planning has been scarce, scattered and lacking detail. In addition, most existing plans are still dominated
by large centralised investments in hydropower and rely on extensive transmission network expansion,
which is often inappropriate or prohibitively expensive for rural electrification and distant unconnected
demand centres.
Recent advances in energy technologies and planning methodologies, using data-driven computational
energy system models, have opened up opportunities for planning electrification at a much higher spatial
resolution. The greater spatial detail allows for planning of electrification that optimises the use of local

1

The DRC, as a signatory to the UN SDGs (Sustainable Development Goals), has in principle committed to the target of 100 %
access to clean modern energy services by 2030 under SGG 7.1 “sustainable energy for all”, and has stated an interim 30 %
access to electricity target by 2023.
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resources, new technological innovations and renewable energy, to provide clean and affordable electricity
to meet geographically distributed energy needs.
This project intends to make use of geospatial energy planning advances to develop a modelling tool
that will assist with the robust and realistic electrification planning needed in the DRC. The tool will allow
comparison between alternative scenarios that optimise electrification through grid extension, minigrids and stand-alone systems across the country, including dispersed rural areas. The backbone of the
electrification planning analysis is provided by a geospatial planning model, OnSSET, the Open-Source
Spatial Electrification Tool. A centralised planning tool will be linked to OnSSET to provide several scenarios
for optimised infrastructure investment pathways for the larger grid-based supply solutions.
In this project we will provide open and transparent data, tools and a visualisation platform that can
provide insights into creating better future energy systems, with informed investments and policies from
both public and private actors. At the same time, civil society organisations will be able to access the
knowledge needed to pursue a more equitable future electricity system in the DRC.
Our work will use the best available transparent open-source models, methods and data, all of which will
be freely shared. This allows for a thorough peer review process, access to source code and model data,
the possibility of continuous updates, and easier linkage to other planning models and activities. The open
availability of the work, with improvements being made to already best-in-class tools, will also provide a
wider benefit to other similar modelling and planning activities across the world.
Capacity building and stakeholder engagement will take place throughout the project, both for stakeholders
wishing to understand the results of the process, and for those wishing to make more active contributions
and improvements. This stakeholder engagement will ensure the use of the tool and its long-term updates
for the national interest of the country.
This is a multi-year, three-phase project and this report covers the first phase of the project, which includes
the following key activities:
1. A contextual review of the current energy situation in the DRC, focusing on the electricity
sector.
2. A detailed collection, review and gap analysis of datasets relevant to energy system planning
in the DRC, with a focus on spatial electricity access planning.
3. A review of appropriate models and methods for electricity planning in the DRC, with detailed
suggestions of the most suitable modelling platforms and approaches going forward.
4. An initial spatial electrification planning demonstration and analysis using OnSSET planning,
along with the datasets available at the start of the project.
5. Several stakeholder engagement activities to share the project’s aspirations and receive
inputs and critique, including: a large in-country stakeholder engagement workshop, a
number of smaller workshops and meetings, and several ongoing engagements with
stakeholder networks in and out of the DRC.
6. Consultation with several leading international technical research organisations on project
design and methodology.
7. A household energy survey conducted to shed light on household electricity use and
preferences in urban, peri-urban and rural areas in and around Kinshasa.
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This report is split into five chapters, each of which presents the activities and results achieved so far, and
each with plans detailing how to build on the completed work in the next phases of the project.
■

■

■

■

■

Chapter 1 provides the energy context in the DRC. The chapter begins with a review of
the country’s energy potential, electricity supply and electricity infrastructure. It then focuses
on the institutional framework for energy management, with an emphasis on the recent
developments brought in by the new electricity law. The chapter concludes with a review of
the challenges and opportunities for electrification in the sector.
Chapter 2 reviews the status of data needed for energy planning in the DRC. It
describes the existing data sources and the data that will be used to build the electrification
planning tools. The chapter provides a comprehensive review of data that can be used
to estimate energy demand (population, household, commercial activity, public facilities),
energy resource potential (solar, hydro, wind, etc.), infrastructure for transport and energy
transmission (grid, substations), and other geographic data (land cover, river networks,
borders etc.). The chapter describes the main gaps in the datasets discovered, and ends with
a summary of the data to be used in Phases 2 and 3 of the project, with recommendations
on approaches to fill the gaps identified.
Chapter 3 provides a description of modelling methodologies and a selection of
modelling platforms that are suitable for electrification planning in the DRC. Several
modelling tools, ranging from centralised to decentralised, are introduced in this chapter. For
our purposes, their advantages and disadvantages are discussed, including the possibility
of combining and linking several tools to respond to the specific needs of the DRC. The
chapter provides clear justifications as to the final selections of the modelling tools and
framework. Another important element discussed in this chapter is the choice of partners
involved in the development of each tool. The Berlin-based Reiner Lemoine Institut (RLI)
and Stockholm-based Royal Institute of Technology (KTH) were selected due to their proven
expertise in modelling for electrification solutions in Africa.
Chapter 4 presents the results and findings of the preliminary application of the
OnSSET model to the DRC, which was presented during the project’s first large stakeholder
engagement workshop in Kinshasa. The chapter explains the complete work process followed
to obtain the results, the problems encountered, and shares insights and opportunities that
were discovered. The chapter ends by discussing stakeholder suggestions to improve the
relevance of the modelling for the DRC.
Chapter 5 presents the results of the surveys carried out in Kinshasa in November–
December of 2019. The survey covered household energy demand and the perception of
households towards renewable energies. The main objective of the survey was to estimate
the energy demand of households, and improve the accuracy of demand representation in
the models. The surveys allow for comparison of energy access and consumption between
rural, peri-urban and urban areas. In Phase 2, further analysis of the data and incorporation
into a new demand estimation model for inclusion into the spatial optimisation planning
activities is planned.
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Chapter 1.

Electrification overview

1.1 Introduction
The DRC is a country with incomparable natural riches. Its subsoil is rich in cobalt, nickel, copper, and
coltan, some of the key minerals for the clean energy revolution under way, while diamonds and gold also
abound. The surface also boasts plentiful natural resources. According to World Bank data, in 2016 forests
covered 67.2 % of the 2.345 million square kilometres of the country’s territory (the second largest country
in Africa), making it the second-largest forested area in the world after the Amazon. The Congo River is
Africa’s second longest river after the Nile and by discharge volume is outdone only by the Amazon River.
The large number of rapids and cascades on the river make it ideal for setting up hydroelectric infrastructure.
Additionally, given that many of the mineral resources in the DRC (such as cobalt, copper, nickel and
tantalum) are also critical to the global clean energy transition, the continental and global energy resource
significance of the DRC cannot be overlooked. Unfortunately, the benefits of this mineral wealth typically do
not reach the regular Congolese people — contributing to one of the lowest average human development
indices in the world.
A clear sign of this imbalance is the nation’s energy access situation, where less than 20 % of the more than
80 million population have access to electricity. The exact number changes between the sources reported.
This percentage also varies drastically throughout the country: first between urban settings — 35 % (50 % in
Kinshasa) and rural settings — less than 1 %; and then between the regions — production and consumption
are concentrated around Kinshasa and the mining areas, while in the north, for example, access to energy
is the weakest.
The progress in addressing this is rather slow, which acknowledged even by national authorities. During
the opening of the first national forum on electric energy in the DRC on August 2019, the president, FélixAntoine Tshisekedi Tshilombo, stated the following:
“ Since the finalisation of the Inga 2 site in 1982, the DRC has not seen any significant progress
in the development of electrical energy production. In fact, in 1982, we had around 28 million
inhabitants with an installed capacity of around 2 442 megawatts. Our current capacity is
2 625 megawatts for almost 80 million souls. However, the energy policy adopted in 2009
set the objective of increasing installed capacity by 360 megawatts per year. In 2011, when
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the rate of energy access for our populations was estimated at 9 %, the DRC was part of the
UN resolution aimed at achieving universal access to electricity in the horizon 2030. Today,
the access rate is estimated at 8 %, which confirms the decline.”
That said, there are some incipient but important changes in the sector. In 2014, the Congolese government
enacted the Electricity Law No. 14-011 of 2014 regulating the electricity sector. In particular, the law
enables the participation of private companies in the electricity industry and regulates the development of
public-private partnerships to attract investors. This law emphasises two important points: on the one hand,
the country’s energy potential must be developed to transform the DRC into an energy-supply power and,
on the other, protection and preservation of the environment is a prerequisite.
Our energy mapping project is framed in this context. With it, we would like to provide a tool that informs
future investments in the sector, both from public and private role players, but that also provides knowledge
to civil society organisations to help in their constant pursuit of more equitable electricity production and
distribution in the country.
The goal of this chapter is to better define this context, commencing with a brief review of energy consumption
in the country. A description of the DRC’s energy potential is then provided, followed by a review of the
electricity supply and infrastructure. We then focus on the institutional framework for energy management,
with an emphasis on developments brought about by the recent legislation. The chapter concludes by
detailing the challenges and opportunities facing the electrification sector.

1.2 General review
Information concerning energy, be it production, consumption or anything in between, is not usually
systematically collected in the DRC and is therefore often scarce and outdated. This is noted by many
authors as an important limitation in the sector, as we shall see in the first two chapters.
The above shortcoming has the effect of limiting efforts to account for quantitative trends in energy in the
country. In this sense, it is best to approach the figures presented here as illustrations of general trends
rather than official and definitive data.

1.2.1

Biomass-based energy consumption in the DRC

Energy consumption in the country is relatively low when compared to the rest of the world (Figure 1.1).
In terms of energy consumed, the country ranked 131 among the 141 countries providing data to the
World Bank in 2014, with 389.33 kg of oil equivalent per capita used. The DRC ranked 15th among the 21
countries from sub-Saharan Africa included in the sample that year.
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Figure 1.1 Per capita energy consumption in sub-Saharan Africa countries, 2014
Source: World Bank, 2014

The sources consulted all indicate that households form a large share of consumption, although there is
a significant margin of difference between sources: data from the African Energy Commission (AFREC)
places household consumption at 68.75 %, while the International Energy Agency (IEA) figure is 80.21 %.
Table 1.1 illustrates some of these findings. As we indicate later in the report, these trends are not repeated
with the use of electricity, where productive uses take a clear lead.
Table 1.1 Energy consumption by type of consumer, 2017
AFREC Energy (tonnes of oil equivalent — ktoe)

IEA (tonnes of oil equivalent — ktoe)

Household

Residential

13 049.3

(68.75 %)

Industry

414.84

(2.18 %)

Industry

Transport

826.86

(4.35 %)

Transport

4 689.72

(24.70 %)

Commercial & public
services

Commercial & public
services

Agriculture/Forestry

—

Agriculture/Forestry

Others (unspecified)

—

Others (unspecified)

Non-energy use

—

Non-energy use

Total

18 980.72

(100 %)

Total

20 238

(80.21 %)

3 997

(15.84 %)

709

(2.81 %)

86

(0.34 %)

195

(0.77 %)
—

4

(0.001 %)

25 229

(100 %)

Sources: AFREC2 and IEA3

2

See AFREC: Africa Energy Statistics Database https://afrec-energy.org/bk-energydatabase.php

3

See IEA: Total final consumption (TFC) by sector, Democratic Republic of the Congo 1990–2017 https://www.iea.org/data-andstatistics
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However, comparison between different datasets should be done carefully. In its residential category, IEA
includes “consumption by households, excluding fuels used for transport”. AFREC, on the other hand, does
not make its definition of the ‘‘households” group available. In addition, the information provided does not
allow for further dissection of information on productive uses of energy.
On the supply side, biomass is the main source of energy in the country (Table 1.2). Elan (2018, p. 2)
reports that ninety-four percent of primary energy consumption uses biomass (charcoal), while according
to DESA (2019, p. 58) in 2016 it was estimated that 94 % of the energy used in the DRC was provided by
wood or charcoal. Electricity is a small contributor to total energy usage.
Table 1.2 Consumption of energy by source type, 2017
AFREC Energy (ktoe)
Biofuels & Waste

IEA by source (ktoe)
17 459.19

Oil Products

843.18

Electricity

678.35

Total

18 980.72

Biofuels & Waste

28 173

Oil

729

Hydro

815

Total

29 717

Source: AFREC4 and IEA5

According to the two sources, biomass provides more than 95 % of the country’s energy, mostly through
firewood and charcoal (Figure 1.2). Households are the main consumers of biomass, due primarily to their
almost exclusive reliance on this type of energy. According to the database for the Residential Sector of the
African Energy Commission (AFREC), in 2018 charcoal was the source of 15 % of residential energy, firewood
of 84 %, and electricity only of the remaining 1 %. Cooking is the main use of energy in households, and
the extended use of rudimentary stoves explains the high demand for firewood. Charcoal is mainly used
in the urban areas. Energy consumers such as ‘‘lighting, cooking, television, air conditioning, ventilation,
washing machines and refrigeration dominate electricity consumption” (AFREC, 2018, p. 43).

4

See AFREC: Africa Energy Statistics Database https://afrec-energy.org/

5

See IEA: Total primary energy supply (TPES), Democratic Republic of the Congo 1990–2017, https://www.iea.org/data-andstatistics
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Residential energy
consumption by fuel

Residential energy
consumption by use

Charcoal
15 %

Others
7 % Lighting
1%

Electricity
1%

Firewood
84 %

Water heating
15 %

Cooking
70 %

Space heating
7%

Figure 1.2 Consumption of energy by source type and use, 2017
Source: AFREC (2018, p. 43)

With more than 145 million hectares of forest, the country has enormous biomass potential. Nevertheless,
energy production through these means is considered to be generally inefficient and often harmful to
the people and environment. This is due to low energy yields and high indoor emissions (only 5 % of
households use improved cooking systems), and to a lack of sustainable forest resource management.
If biomass is used without replanting trees, this energy option also contributes to global greenhouse gas
emissions and climate change. Moreover, fuelwood collection along with clearing for agricultural land are
the primary causes of deforestation (Kusakana, 2016).

1.2.2

Low electrification despite huge potential — the untapped possibilities
of hydro and solar electricity in the DRC

The flipside of the dominance of biomass in supplying DRC’s energy demand are the low electrification rates
in the country. As hinted in one of the tables above, electric energy makes up a very small percentage of the
energy consumed in the DRC. In fact, electricity coverage in the DRC is amongst the lowest in the world. The
exact electrification rate is unknown and availability of information in the energy sector is a major challenge
as upcoming sections describe — there are several indicators which bear testimony to this phenomenon.
With an electricity consumption per capita of 88.8 kWh in 2017, according to the 2020 Energy Statistics
Pocketbook of the United Nations, DRC ranks 208th on a list of 225 territories (which includes sovereign
states and states with a disputed status).
According to several sources, the electrification rate does not exceed 20 %: CIA (2020) estimated a rate
of 17.1 % in 2016. A rate of 9 % is used by several agencies such as UKAID’s agency, ÉLAN RDC (Elan,
2019, p.3 and Elan, 2018), USAID (USAID, 2018) and, more importantly, the Coordination and Project
Management Unit of the Ministry of Energy and Water Resources, or UCM (UCM, 2018), to be discussed
later. The estimate of the World Bank’s Sustainable Energy for All (SE4ALL) dataset in 2018 is the highest
among the sources consulted: 18.97 %. Still, even with this optimistic figure, the DRC’s access-to-electricity
rate is 211th in a sample of 218 countries.
Electricity access is unevenly distributed across the Congolese territory. Elan (2019), USAID (2018) and
UCM (2018) use a rural electrification rate of 1 %, while CIA (2020) puts this number at 0.4 %. In contrast,
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Elan (2019) and USAID (2018) estimate the urban electrification rate at 19 %, CIA (2020) at 47.2 % and
UCM at 35 % for urban and economic zones, including industrial and mining sites.
Similarly, access to electricity is unequal across types of users. The numbers in table 1.3 appear to show
that businesses take a large portion of the electricity. In reality, the definition of the “Households and
other consumers‘‘ category in UN statistics includes ‘‘energy consumers not classified in manufacturing,
construction and non-fuel mining industries, and consists of the following subgroups: ‘agriculture, forestry,
fishing’; ‘commerce and public services’; ‘households’; and ‘not elsewhere specified’”, meaning that the
portion of energy taken up by actual households must be lower and closer to that indicated by IEA.
Table 1.3 Consumption of energy by consumer type, 2017
AFREC Energy (ktoe)

IEA (2017) (ktoe)

UN (2017) (million kWh)

Households

214.03
(31.55 %)

Residential

135
(21.73 %)

Households and
other consumers

2 570
(35.49 %)

Industry

399.25
(58.85 %)

Industry

399
(64.25 %)

Industry and
construction

4 643
(64.12 %)

Transport
Commercial and
public services

Total

—
65.07
(9.59 %)

Transport
Commercial and
public services

1
(0.1 %)

Transport

10
(0.1 %)

Energy industries
own use

17
(0.2 %)

86
(13.84 %)

678.35

621

7 240

Source: AFREC6, IEA7, and UN8

Other estimates are more pessimistic. According to the African Development Bank, 85 % of electricity
production in the DRC is consumed by the industrial sector in general, in particular the mining sector. A
diagnostic report written by the United Nations Development Programme (UNDP) in preparation for the
Sustainable Energy For All (SE4ALL) initiative, indicates that, geospatially, sites of electricity production
proliferate around the big mining industries as ”the electricity subsector was initially developed to facilitate
the exploitation and the transformation of ores (notably in Katanga), rather than creating an infrastructure
allowing the development of diversified activities and consumption by households, both in urban and rural
areas” (UNDP, 2013, p. 2).
Electricity in the DRC virtually all comes from hydro sources. Data from the CIA (2020) for 2017 establishes
that hydropower is the source of 98 % of the electricity in the country, fossil fuels contributing the remaining
2 %. The World Bank’s Sustainable Energy for All (SE4ALL) dataset sets the share of hydropower generated
electricity at 99.7 %. This does not come as a surprise considering the enormous hydroelectric power
potential of the country, with the drainage basin of the Congo River the main source.

6

See AFREC: Africa Energy Statistics Database https://afrec-energy.org/

7

See IEA: Electricity final consumption sector by sector, Democratic Republic of the Congo 1990–2017, https://www.iea.org/dataand-statistics

8

UN 2017 Electricity Profiles. DRC: https://unstats.un.org/unsd/energystats/pubs/eprofiles/2017/pcf.pdf
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The totality of the Congo River system covers an area of almost 3.7 million square kilometres — an area
larger than India and comprising a tenth of the African continent — roughly coinciding with the size of the
republic of the same name (Van Reybrouck, 2014; Andritz, n.d.). Indeed, the Congo Basin traverses all the
climates and ecosystems of the country:
“ From the high springs in the extreme south of the country, through the arid savanna and the
weed-choked swamps of Katanga, past the endless equatorial forest that covers almost the
entire northern half of the country to the rugged landscapes of Bas-Congo and the spectral
strands of mangrove at the river’s mouth” (Van Reybrouck, 2014, p. 2).
The Congo River is Africa’s most powerful river (International Hydropower Association, n.d.) and its largest
by volume, second in the world only to the Amazon River in both respects (Andritz, n.d.).
This force of nature is responsible for the 100 000 MW of hydropower potential referred to by several
sources, including these official ones: Andritz, n.d.; UNPD, 2013; UCM, 2018. It is an almost mythical
figure, considering that none of the sources provide a method to come up with this number.
Unfortunately, this vast potential remains largely unharnessed. According to multiple references, the
current, installed hydroelectric capacity is some 2 500 MW, around 2.5 % of the potential. The exact figure
varies from source to source:
■

■

■

■

■

Elan (2019) specify 2 700 MW citing USAID (2018).
More precisely, USAID (2018) sets the installed capacity at 2 677 MW, the sum of 2 542 MW
from hydro sources and 135 MW from thermal sources.
USAID (2017) states a total installed capacity of 2 590 MW, 2 472 MW from hydro sources
and 34 MW from combustible fuels.
UCM puts the total installed capacity at a level of 3 190 MW, generated in 108 sites: 62
hydro sites and 46 thermal sites (UCM, 2018, 21). The hydro sites account for 2 500 MW
(UCM, 2018, p. 1), and so the thermal sites should have an installed capacity of 290 MW.
Finally, UNDP’s (2013) installed capacity estimate is of 2 566 MW, distributed among 62
operating sites, of which 69 % (or 1 775 MW) are at the Inga site (351 MW at Inga 1 and
1 424 MW at Inga 2) (p. 14).

Similarly, the DRC has promising potential for solar energy developments. Irradiation levels range between
3.25 and 6.0 kWh/m2/day (Kusakana, 2016). This makes photovoltaic energy systems and sun-based
heating systems suitable to supply energy through the country. Matadi and Lubumbashi cities alone have a
solar potential of 3.6 and 4.8 kWh/kWp (Elan, 2019). Kusakana (2016) estimate that currently “only 836
solar photovoltaic systems with a total power of 83 kW are in operation”. To put this figure in perspective,
Germany, which has a solar potential of 0,9–1,2 kWh/kWp, has an installed capacity of 44 GW.
Despite this enormous energy potential, one thing remains certain: the operational capacity, meaning the
installed capacity that is actually functional, is subpar. Of the roughly 2 500 MW installed hydro capacity,
only 1 000 MW are being effectively exploited (UCM, 2018, p. 1). The next part of the chapter delves
deeper into this issue, providing a general view of the country’s electricity infrastructure.
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1.2.3

Société nationale d’électricité (SNEL)-dominated DRC electricity
generation

According to UCM (2018, p. 18), the country’s total installed capacity is 3 190 MW, generated at 108 sites:
2 500 MW from hydro sites and 290 MW from thermal sites. Both UCM (2018) and UNDP (2013) mention
the figure of 62 hydro sites as the source of the 2 500 MW installed hydro capacity. Of these 62 sites, the 14
plants operated by the Société Nationale d’Électricité (SNEL), the national public electricity facility, are the
main contributors. According to UCM (2018) and USAID (2017, p. 36), SNEL’s 14 hydro and 36 thermal
plants represent 95 % of the total of 3 190 MW installed capacity.
Twelve SNEL hydro sites constitute the power source of three electric networks in the country (UCM, 2018,
p. 21) shown in Table 1.4.
Table 1.4 Configuration of the DRC’s three regional hydroelectric networks
West network: six hydro sites in
the Central Kongo province, with
a potential of 2 013.2 MW

South network: four hydro sites
in the Lualaba province, with a
potential of 466 MW

East network: two sites in the
Nord Kivu province, with a
potential of 74.8 MW

• Inga1 (350 MW), on the
Congo river

• Mwadingusha (68.04 MW), on
the Lufira River

• Ruzizi1 (29.8 MW)

• Inga2 (1 424 MW), on the
Congo River

• Koni (42.12 MW), on the
Lufira River

• Zongo1 (75 MW), on the
Zongo River

• Nzilo (108 MW), on the
Lualaba River

• Zongo2 (150 MW), on the
Zongo River

• Nseke (260 MW), on the
Lualaba River

• Ruzizi2 (45 MW)

• Sanga (12 MW), on the
Inkisi River
• Mpozo (2.2 MW), on the
Mpozo River
Source: UCM, 2018
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Map 1.1 Location of the DRC’s three regional hydroelectric networks
Source: Gnassou, L., 2019

According to UCM (2018, p 21), 4 other hydroelectric sites are isolated from the three main networks.
These are:
■

Bendera (17.2 MW) near Kalemie, on the Kiyimbi River, in the province of Tanganyka.

■

Tshopo (19.65 MW) at Kisangani on the Tshopo River, in the province of Tshopo.

■

Kilubi (10.8 MW) at Kamina on the Kilubi River, in the Haut Lomami province.

■

Mobayi (11.367 MW) near Gbadolite on the Ubangi River, in the province of Nord Ubangi.

In addition to SNEL, there are a few independent companies established in the country that also participate in
the production of electricity with an estimated output of 135 MW in 2014 according to Banque Mondiale (2017).
The South and West networks are interconnected and feed six provinces: Kongo Central, Kinshasa, Kwilu,
Haut Katanga, Haut Lomami and Lualaba. The East network feeds the demand from the cities of Bukavu,
Katana and Uvira in the Sud Kivu province, and Goma in the Nord Kivu province.
Beyond the three main networks, there are small pockets of mini-grids fed by the isolated hydroelectric
power stations mentioned above. Among these, the Kibali mini-grid (northeast), the Virunga hydro project,
and the Tshikapa mini-grid (centre south) are the largest ones (UCM 2018, p. 22).
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Table 1.5, from a World Bank report (see Banque Mondiale, 2017, p. 46) using 2014 SNEL data, presents
a general view of the hydroelectric sector in the country. Due to the temporal difference, the numbers in the
table do not coincide with the figures presented above, but the main picture still stands: although there is
some involvement by other companies, SNEL has an almost monopolistic position in the sector.
Table 1.5 Production of electricity in the DRC by type of agent, 2014

Companies

Number of
hydro plants

Number of
thermal plants

Installed hydro
capacity (MW)

Installed thermal
capacity (MW)

Total available
capacity

SNEL

14

36

2 442

28.6

1 574.12

Auto producers

43

10

105.15

9

31

29.8

30

9.8

2 576.95

67.6

1 614.92

Independent
Total

4
61

46

Source: Banque Mondiale, 2017

Besides the dominance of SNEL in the sector, the table above also indicates the subpar operational capacity
in the country, in comparison to installed capacity: of the installed capacity of 2 442 MW, only 1 574.12 MW is
actually produced — just 64.46 % of the full potential. The numbers from UCM are even more discouraging:
from the roughly 2 500 MW installed hydro capacity, only 1 000 MW is being exploited (UCM, 2018, p. 1).
What this means in simpler terms is that a large portion of the demand is unmet. According to UCM
(2018), the actual production of both South and West networks is 974 MW out of the 2 326 MW installed.
This is to be contrasted with an estimated demand of 2 600 MW (1 400 in the South pole and 1 200 in the
West), resulting in an estimated deficit of 1 626 MW (700 MW in the South agglomeration and the rest in the
West). The 2014 Atlas of the Congolese Ministry of Water Resources, produced by the investment promoter
portal, Believe in DRC (n.d.), paints a similar picture for some provinces:
■

■

■

■

Katanga: “The installed capacity is 567 MW, while the current demand is estimated at
around 900 MW (including 600 MW for the mining sector alone).”
Kasaï Oriental: “Energy requirements (2012) are estimated at 264.774 MW against the
insignificant current installed capacity (2012) of 1.94 MW.”
Bandundu: “The province has a significant gap of about 408.35 MW between supply and
demand: installed capacity of existing facilities is 22.66 MW, against demand of 431.01 MW
to cover current energy needs.”
Equateur: “Energy requirements (2012) in the province are estimated at 426.085 MW (all
territories of Equateur), against an availability of around 26.77 MW (2010).”

As explained by Banque Mondiale (2017), of the many factors which explain this, obsolescence of equipment
is among the most important. Both hydroelectric and thermal plants are generally in a dire state of
degradation. In particular, Inga 1 and Inga 2 hydro sites — the main sources of power in the country — and
their associated transmission networks were until recently9 in an advanced state of deterioration, which
caused poor quality and frequency of voltage (p. 55). This is in addition to all the thermal power plants
incurring breakdowns, according to an official of the ministry, due to lack of maintenance and spare parts.

9

Inga 1 Refurbishment works finalized one year ago, while works at Inga 2 are underway.
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This is not limited to the infrastructure of electricity production: the transmission and distribution infrastructure
is also in critical condition10. The country’s transmission network includes approximately 6 711 km laid out
in four blocks which coincide with the three regional networks:
■

The western transport network (Kinshasa, Bas Congo and Bandundu)

■

The southern transport network (Katanga)

■

The eastern transport network

■

The Inga-Kolwezi direct current link (Banque Mondiale, 2017, p. 49).

As the owner of the entire transmission network, SNEL is also the main actor on this front (UCM, 2018).
The separation of the transmission networks constitutes an issue in itself: the national grid is not
interconnected, with only the West (Inga) and South (Kolwezi) poles interconnected. This limits the possibility
of moving energy from pole to pole should variations in supply and demand require it.
It also results in several provincial capitals remaining weakly electrified with isolated and inefficient networks
(Banque Mondiale, 2017, p. 49). The West and South poles are linked by three HT DC lines connecting
Inga and Kolwezi with a transit capacity of 1 100 MW (UCM, 2018), with the second Inga-Kinshasa 400 kV
transmission line completed in 2015 (USAID, 2017, p. 14).
The quality of the lines is highly compromised due to a number of reasons:
■

■

■

■

■

Failure of electromechanical equipment and damage to voltage and current equipment
due to the age and obsolescence of said equipment;
Absence of a hardware renewal policy beyond the lifetime guaranteed by the
manufacturer;
Damage to HV/MV power transformers;
Lack of maintenance required due to lack of necessary spare parts and required
expertise;

■

Deterioration of access roads to substations and access tracks to HV lines;

■

Degradation of HV line pylons and towers;

■

■

■

■

10

“Vandalism perpetrated on the equipment of posts and lines, with massive theft of
copper conductors in Katanga;

Advanced corrosion of the angles, particularly on the 50 kV lines of Katanga, and nonexistence or obsolescence of automatic recording and fault location machines;
Load shedding (controlled blackouts) following overload of infrastructure (exceeding
transit capacity of transmission lines and overloading of substation transformers)
Malfunction of switches following maintenance faults;
Absence of a control centre of the eastern interconnected network” (Banque Mondiale,
2017, p. 49).

To clarify, transmission lines carry electricity over long distances, their voltage is higher, and they can transport more electricity.
Distribution lines are used for shorter distances, their voltage is lower, and they transport electricity locally (see https://
callmepower.com/faq/energy-markets/difference-between-transmission-distribution).
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The abovementioned grids are connected to those of neighbouring countries to facilitate electricity trading
(USAID, 2017, p 14): the South network is connected to the Zambian network (Southern Africa Power Pool);
the West network is connected to the Congo-Brazzaville and Angola networks (Energy Pool of Central
Africa); and the East pole or network is connected to the Rwandan, Burundian and Ugandan networks
(Eastern Africa Power Pool) (UCM, 2018).
The final piece of the electricity system is the distribution network, which takes electricity from the transformers
to the final consumers — households, businesses, etc. The distribution network is 38 083 km long in total,
34 387 km of low voltage lines and 3 696 km of medium voltage lines (Banque Mondiale, 2017). There
are constantly incidents on the distribution network, due largely to two factors: the distribution lines are old
and in a constant state of saturation.
A factor typically contributing to overexploitation of the system is a lack of electricity usage metering.
Substations, cabins and customer connections do not measure the amount of energy consumed; therefore,
electricity billing is constant across consumers regardless of their levels of consumption. This has detrimental
consequences for the quality of service delivered. Unmetered use results in inefficient and excessive use of
electricity, unfairly subsidising larger consumers by both the payments of smaller consumers and the SNEL’s
pocket (Banque Mondiale, 2017).
Another element that explains overloading of the lines is the significant number of informal and illegal
connections. The distribution network does not cover the entirety of the cities it does reach, which creates
internal dark pockets without access to electricity. Because of this, many urban dwellers have turned to
informal means to fulfil their energy needs. Estimates by Banque Mondiale (2017) show that for each billed
commercial customer “managed” by SNEL, there are four “unmanaged” connections. These connections
are unsecured, poorly constructed, have significant losses, and are a serious safety concern to both life
and property.
Finally, acts of vandalism and natural disasters also contribute to the deterioration of the distribution lines.
Banque Mondiale (2017) lists how this happens:
■

Theft of cables and light fixtures from distribution and public lighting networks.

■

Theft of circuit breakers and other equipment in the new discharge cabins being implemented.

■

Damage to line surge arresters following atmospheric discharges.

■

Illegal interventions in the cabins.

■

Tearing of MV and LV cables by earth-moving machinery working on roads.

1.3 Challenges to overcome
From a close reading of the sections above, two primary technical challenges for the electricity system
emerge: an old system of generation plants, and an old and overused network of electricity transmission
and distribution, which contributes to high energy losses and ultimately an inadequate electricity service.
Beyond technical issues, other factors also help explain the limited electrification coverage in the country.
For starters, multiple factors related to the market for electricity limit the spread of electrification. For
instance, knowledge of market potential is lacking as there is very little data on income, willingness to pay
or payment performance (Elan, 2019, p. 5).
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A number of logistics bottlenecks also discourage investment in new energy sites: high logistical, transport
and customs costs for imported goods (Elan, 2019, p, 7), accumulated delays with investment in power
infrastructure (USAID, 2017, p. 14) and chronic mismanagement at the operator utility (USAID, 2017, p. 14).
Then there are governance-related setbacks:
■

The absence of any long-term vision in the electricity sector and an incomplete legal
framework (USAID, 2018) — factors which will be explored in the next section.

■

An insecure investment climate security-wise, politically and legally (Elan, 2019, p. 1).

■

The presence of a high-rent-seeking culture (Elan, 2019, p. 3).

■

■

The fact that SNEL sells electricity for less than the production cost and in general has a poor
record of performance (USAID, 2018).
The scarcity of data for the sector.

Concerning the last point, UCM (2019) states that “the energy information available from SNEL SA and
other private operators working in the sector is partial, dispersed, anachronistic and difficult to access. It is
in technical formats incompatible with new information and communication technologies (NICT) and does
not allow for temporal changes” (UCM 2018, p. 2).
Finally, in the fiscal area:
■

■

■

The country’s tax system is difficult to navigate (Elan, 2019, p. 3).
High import taxes which reach a de facto 42 %, according to Elan (2019, p. 6; 2018, p. 2)
and USAID (2018, p. 1).
The lack of tax-regime-specific, or other fiscal incentives, particularly for off-the-grid, solar
photovoltaic developments, although case-by-case negotiations are possible through ANAPI
(Elan, 2019, pp. 5–6; Elan, 2018, p. 9).

This overview of the DRC electricity system paints a picture of stagnation, which does not reflect recent
changes. In 2014, the DRC adopted a new electricity law introducing major changes to the institutional
nature of the sector they are setting out to improve. Although not revolutionary, the ensuing changes are
promising. The second part of this chapter focuses on the reforms, on how the institutional setting has been
left out of them and of the remaining opportunities and challenges in the sector.

1.4 Policy reform and institutional setting
1.4.1

Current energy policy

One of the most pressing problems in the energy sector is the lack of a long-term management vision.
For instance, electrification goals are set up in the general growth and poverty reduction strategy and
the Congolese Constitution establishes the right to electricity for all in its Article 48. However, despite the
problems it is facing, there is no planning strategy focused specifically on the electricity sector.
As we saw in the previous section, over the past century, Congo’s electrification strategy has focused on
centralised hydropower generation and distribution (as opposed to off-the-grid options, for example).
Since independence in 1960, this has happened primarily through the public utility SNEL.
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SNEL was created by Decree 70-033 of 16 May 1970, to nationalise electricity management, previously
in the hands of a few companies during Belgian colonisation. The country, then known as Zaïre, granted
SNEL a number of powers: “to capture and use Congo River water in the Inga region to produce energy;
to build, rehabilitate or exploit dams either through their own agency or a third party; and to use and sell
power” (Nkongolo, 2016, p. 41).
During the 1970s, SNEL became a de facto energy monopoly. It took possession of the rights, obligations
and activities of all power distribution companies in 1974, and in 1979 of all thermal power plants from
the previous water and power distribution company (SNEL, 2013).
However, the new assets did not come with the increased financial support necessary to maintain and improve
them. It did not help matters that, during the presidential period of Mobutu Sese Seko (1965–1997), SNEL
“failed to collect funds from government entities, residential users and mining companies” (International
Rivers, 2013), and lacked an efficient system of electricity billing (as described in the previous section).
As a result, the facility has been in a constant state of financial struggle that persists until today. According
to International Rivers (2013), since 2007 SNEL has received financial support from the World Bank, but
nonetheless in 2010 the public company was very close to bankruptcy. In 2014, the company recorded
financial losses in the order of $330 million, equivalent to one percent of the country’s GPD. “The energy
sector is hence reliant on external public and private financing,” declares Tearfund (2018, p. 7).
One of the reactions to this is a gradual opening up to the participation of private actors in the sector. For
instance, in 1994, the construction and operation of hydropower plants and associated grids was opened
to private businesses, albeit only for trading purposes. This is one of the reasons why in the review above
not all the electricity comes from SNEL. In fact, in addition to producing and selling electricity across the
country, the utility also “purchases electricity from independent power producers such as some mining
companies, which have their own power plants” (Lukamba-Muhiya & Uken, 2006, p. 22).

1.4.2

The Law 14-011 of 2014

The trend towards opening up the market has been accentuated in recent years. The sector is in a phase
of slow change. In recent years, the country’s political leaders have raised electrification to the top of
national priorities. For example, during the first energy forum organised by the country in August 2019,
the President of the DRC declared:
“ Access to electricity is at the heart of all our economic, social and environmental challenges,
because no development is possible without energy. The lack of quality, stable electrical
power hinders intentions to invest in many sectors, as businesses face significant additional
costs to source electricity off the grid.”
The enactment of the Law 14-011 of 2014, concerning the electricity sector, attests to the awareness of
SNEL’s inability to bear the burden of electrification alone. The law introduces one fundamental change:
the liberalisation of the production, transmission and distribution of electricity to the participation of private
actors, officially ending the monopoly of SNEL.
In accordance with the fostering of private participation in the market, the law innovates by regulating several
fields of the electricity business: public private partnerships (PPP); the tender process; the creation of new
public agencies; the decentralisation of electricity; and the awareness of socio-environmental dimensions
(Gnassou, 2019). Finally, and of critical importance, the law also stresses that electricity is a right and that the
protection and preservation of the environment is a prerequisite for any electricity development.
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The new law establishes that private electricity operations should fall under one of the following five legal
regimes: concession, license, authorisation, declaration and freedom11. The competence to grant a permit
to a private actor is shared between central and provincial levels, depending on the legal regime of the
activity, as Table 1.6 indicates.
This is a clear manifestation of the decentralising turn taken by the law. However, the general budget
from the recently created provinces is limited, as administrative decentralisation was not accompanied by
fiscal decentralisation. This is problematic since, as Gnassou (2019) states, without the necessary financial
means, these provinces will have more difficulty in realising the new responsibilities the law allocates them.
Table 1.6 Legal regimes for granting concessions to private actors in the electricity sector
Regime

Areas of application

Competent authorities

1. Concession

Any activity of production, transport or
distribution of electricity established in the
public domain

1. Central government for the exploitation
of energy sources or electrical networks of
national interest
2. Provincial government (energy sources
or electrical grids of local or provincial
interest)

2. License

1. Independent production of power
greater than or equal to 1 MW
produced outside the public domain
2. Import or export of electricity

1. Central government or provincial
government
2. Import and export are the sole
responsibility of the central government

3. Trading of electricity
3. Authorisation

1. Self-production outside the public
domain, power between 100 kW and
999.99 kW

Provincial authorities

2. Establishment of private power lines
using or crossing a public thoroughfare,
or one point located less than 10 m
from an existing line
4. Declaration

Self-production with power between 51 kW
and 99.99 kW

Written declaration to the local administration
in charge of electricity.

5. Freedom

1. Establishment of power plants with
installed power less than 50 kW

No permit required

2. Private power lines contained in a land
concession
Source: Law 14-011 of 2014

Similarly, six years after its promulgation, there are crucial aspects of the law which have yet to be fully
implemented. For instance, the processes of acquiring concessions, leases or management contracts are not
yet regulated (Tearfund, 2018). These details are critical to fostering the entry of new actors to the market,
and their absence means that the “business climate remains hostile and negatively impacts investment”
(Tearfund, 2018). Moreover, in practice there are very few openings for investors and new private actors,

11

These regimes are additional to the “Délégation de service public” legal figure, by which a third party of public or private nature
is entrusted with the management of a public service, regulated by the Law 10/010 of 2010.
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with a few exceptions, some listed later in the report. This helps to explain why the public facility is still
responsible for the production of over 95 % of the country’s electricity, as exposed in one of the tables above.
The law also modifies the institutional setting of the sector in accordance with the changes it introduces, but
some of these new entities are not fully operational yet, or have not been created at all (Barba, 2018). The
following section details this new and extended institutional framework.

1.4.3

The current institutional setting in the electricity sector

With the new Law, the institutional framework of the energy sector in the DRC has evolved significantly on
paper. However, even six years later, the country has yet to implement all of the reforms provided for by
law, including notably the institutional reforms. According to the new law, the institutional organisation of
the energy sector in the DRC is as follows:
Ministry of Electricity and Hydraulic Resources (MERH)
The ministry is in charge of developing and implementing electrification policies. Its title alone reflects
the traditional preference for hydropower as the key source for electricity generation. The ministry is
responsible for the development of a global strategy which must lead to providing electricity to as many
people as possible. It is also responsible for setting up and developing national infrastructures. Pending the
establishment of the regulatory authority, the ministry continues to play this role as in the past.
Société Nationale de l’Electricité (SNEL)
As mentioned before, SNEL is the Congo’s state-owned electricity utility. Although its legal status has
changed from public company to commercial company, it is still a fully state-owned company, and it
remains currently the most important player in the sector, operating virtually alone pending the arrival of
investors and the development of new players.
Unité de Coordination et de Management des Projets
The Minister of Electricity set up the Coordination and Management Unit in October 2015 (Arrêté CAB/
MIN-ERH/058/2015). Initially called the Unité de Gestion du Projet de Développement de Centrales
Hydroélectriques de Taille Moyenne, UCM was established to manage the development of medium-sized
hydropower projects. Its mandate soon expanded to include all energy and water projects other than Inga 3
(Arrêté CAB/MIN-ERH/039).
According to its founding document and its website, UCM’s role is to carry out the following tasks:
■

■

Develop and coordinate the implementation of Congo’s electrification plan.
Improve the institutional framework to allow for private sector investment in mid-sized hydro
projects.

■

Identify and select sites for study and development.

■

Coordinate donor-funded activities, projects and initiatives in the energy and water sector.

■

Initiate and manage investor selection.

■

Evaluate possibilities to obtain carbon-credit finance.

In practice, UCM effectively manages all major donor-funded programmes, including (based on UCM
2018, p. 25):

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

19

■

■

■

■

■

Projet d’Appui à la Gouvernance et à l’Amélioration du Secteur Electricité (PAGASE), funded
by the African Development Bank (AfDB).
Projet d’Accès et d’Amélioration des Services Electriques (PAASE in French, EASE in English),
funded by the World Bank’s IDA.
Programme d’hydroélectricité pour le Programme du Secteur Eau (PROHYDRO), funded by
Germany’s Kreditanstaltfür Wiederaufbau (KfW).
Programme de construction de mini réseaux solaires décentralisés en partenariat publicprivé (ESSOR), funded by UKAID.
Projet de réforme du secteur de l’électricité « PSR », funded by USAID.

Its coordinator is Maximilien Munga, who previously ran CODESI, the unit that previously managed the
Inga 3 tendering process until it was replaced by ADPI.
Agence pour le Développement et la Promotion du Projet Grand Inga
ADPI was set up in October 2015 to promote and develop the Grand Inga project, a bend in the Congo
River that hosts the largest hydropower potential on earth (44 GW) (Ordonnance 15/079). The Inga 1 and
2 power stations tap less than 5 % of that potential.
The Congolese government launched a tender process for Inga 3 in October 2010. A Chinese and a
Spanish-led consortium submitted bids to ADPI in 2016. Both claimed that a 4.8 GW project, as proposed
by AfDB and WB consultants, would not be economically feasible and proposed a 10 GW+ project instead.
ADPI asked them to merge their proposals in May 2017. The consortia signed an exclusive development
agreement in October 2018 and submitted a joint (preliminary) proposal the following month. (ADPI
2020; RM/CRG, 2019)
The Inga 3 vision of the new President is ambiguous. While remaining open to a larger Inga 3 project,
the presidency has signalled that the DRC would rather go back to the 4.8 GW version initially backed by
the international financial institutions. It is uncertain whether Inga 3’s development will be ready in time
to meet the demands of its main anticipated off takers, South Africa and the industrial mining sector in
south-eastern DRC.
Autorité de Régulation de l’Electricité (ARE)
The ARE is responsible for overseeing the application of standards and norms by operators in the electricity
sector. It aims to preserve fair competition and respect for all laws and standards in the electricity sector.
Created by Décre 14/011, ARE has been set up by decree but is not operational yet.
Agence Nationale d’Électrification et des Services Énergétiques en milieux Rural et périurbain (ANSER)
The overall mission of ANSER is to implement the national rural electrification policy, as defined by the
ministry in charge of electricity, and according to the stated objectives. It’s in charge of promoting the
planning and financing of rural electrification projects. Created by Décret 16/014, ANSER has been set up
by decree but is not operational yet.
Commission Nationale de l’Énergie (CNE)
Its function is the collection, processing and analysis of data to compile an energy database. The database
will be used to establish energy balances and indicators aimed at facilitating the implementation of coherent
and efficient energy strategies for the political authorities.
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It carries out the following:
■

Laboratory tests of new technologies.

■

Pre-feasibility studies of micro-power plants for provincial governors.

■

■

Studies and inventories of the potential of small power hydraulic sites and other sources of
energy.
Promotion of technologies of rural electrification.

La Cellule d’Appui Technique à l’Énergie (CATE)
Its primary mission is to provide institutional support to the Ministry of Energy and to ensure the capacity
building of administrations and public enterprises in the energy sector. It ensures the analysis and
coordination of the presentation of investment projects and programmes with various donors; monitoring
and defining medium and long-term sector strategies, as well as contributing to the technical and financial
set-up of water and electricity projects.
All its tasks are related to the assistance, design, implementation and monitoring of projects and investment
programmes in the energy sector. This cell has become less active since the setup of UCM and the CPARE
and CPANSER (Comité Préparatoire of ARE and ANSER).
The above institutions must now be joined by the provinces, which have broad powers for all projects within
their respective entities and a number of international organisations looking at electricity/energy access
planning in the country, including:
■

Alliance for Rural Electrification (ARE)

■

Global Off-grid Lighting Association (GOGLA)

■

UN Sustainable Energy for All (SE4ALL)

■

Africa Minigrid Developers Association (AMDA)

■

Power for All.

1.5 What does the future hold? A brief assessment of
emerging trends in the DRC electricity sector
1.5.1

The slow rise of off-the-grid electrification solutions

Even if the law has not been completely implemented, the opening of the electricity sector is already
underway. As a consequence, energy developments beyond grid expansion are now more plausible. For
example, in his article from 2018, Barba states that, what he calls the “first mini-grid project in DRC”,
commenced in the context of the new electricity law. This is to be celebrated since, as the author states,
mini-grid solutions are a very efficient option for the Congolese context, considering the low density across
vast areas of its territory and the fact that they could be environmentally friendly.
Several additional transformations in the sector make off-the-grid developments more plausible. On the
technological front, solar home system (SHS) infrastructure costs have decreased significantly in recent
years. Moreover, there are other interesting initiatives which contribute to the affordability of these new
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energy technologies. One example is the pay-as-you-go (PAYG) system, by which a household leases
equipment to access electricity, uses mobile money to transfer payments on a regular basis and pays for
their system over a contract period (Bboxx, 2019).
Bboxx one of the companies that implement this scheme in the country. It operates in eastern DRC (Goma
and Bukavu) and offers customers access to three types of solar home systems packages: “one with a 90 L
fridge, another with a 40” TV, and a package that offers both appliances”. Another example of this are the
new credit mechanisms which address SMEs and higher income households as potential trendsetters for solar.
Furthermore, some innovative schemes enhance demand for such developments, including partnerships
between telecom and financial institutions aimed at understanding willingness to pay and ensuring mobile
banking market access (Elan, 2019, p. 9). In particular, PAYG initiatives are strengthened by the fact that
mobile money structures are increasingly widespread.
Companies such as Vodacom, Orange and TMB (Pelele) are interested in deepening the coverage of
mobile money (Elan, 2019; Elan, 2018, p. 5). Integrating telecom networks with mobile banking into offgrid solar systems thus has great potential, although declining sales and rising default rates in East Africa
warrant caution (Elan, 2018, p. 6; Elan, 2019, p. 1).
Strategies aimed at making new energies more affordable to the bulk of the DRC population are quite
fitting in the Congolese context for a number of reasons:
■

■

■

Low-income households fear gambling their scarce resources on new products and retail
price is often too high for them (Elan, 2018, p. 6).
An ingrained culture of investing in “fast moving consumer goods” as opposed to more
expensive durable goods (Elan, 2019, p. 7).
A general lack of awareness of stand-alone renewable and energy efficient products (Elan,
2019, p. 5).

Potential for off-the-grid electrification solutions in the DRC is enhanced by its significant levels of solar
radiation, as explained above.
The already significant and growing demand in the country also increases the potential for off-the-grid
electrification alternatives. The DRC has the third largest urban population in Africa, growing 4 % annually
and adding 1 million urban dwellers a year (Elan, 2018). Densely grouped urban populations that have
no electricity are a particularly attractive target (e.g. Masina, Kingasani in Kinshasa) (Elan 2019, p. 5; Elan,
2018, p. 5).
The country is embracing alternative electrification solutions to the grid-based model. One indicator of
such a trend in the Congolese territory, is the proliferation of companies in the field. Elan (2018, p. 2) has
identified about 10 local solar PV companies, such us:
■

■

Altech, a Goma-based company dedicated to the distribution and resale of pico-solar
products. Between 2013–2017 it has transacted 100 000 lamps (Elan, 2019, p. 4).
X

Partnership with Omnivoltaic: pilot X pico solar light + charger

X

Partnership with Angaza: Mobile PayGo platform

Bboxx, another Goma-based company specialising in the supply, distribution and resale of
home systems.
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■

■

■

X

Granted import exemption for solar products through ANAPI

X

Partnership with Orange in Kinshasa

D.light, a world leader in supply and distribution of solar lamp systems, with headquarters
in Kinshasa.
Dev Solaire-Trust Merchant Bank (TMB), a pilot project in Lubumbashi for solar home
systems using credit through TMB’s Pelele programme (Elan, 2019, p. 7).
Equatorial Power, a solar mini-grid investor.
X

Phase 1 on Idjwi (Island in Lake Kivu): 400 connections

X

Phase 2 incomplete: more than 1 MW from 10 mini-grids

Increasing purchase of goods necessary to access off-the-grid energy is further evidence of the trend
mentioned above. According to Tearfund (2018), the Global Off-Grid Lighting Association (GOGLA)
reported sales of “73 920 off-grid solar products in 2016, and 46 090 in the first half of 2017”. The “A
Lighting Africa” pilot project meanwhile distributed 20 000 solar lamps and 5 000 solar home systems in
partnership with the Cellule d’Appui Technique à l’Énergie (CATE), the Ministry of Energy and Hydraulic
Resources, and local retailers” (Lighting Africa, 2019).
Finally, the emergence of initiatives to incentivise small-scale electricity solutions is another proof of
this trend. One of these initiatives is the Association Congolaise pour les Énergies Renouvelables et
Décentralisées (ACERD), an independent non-profit organisation made up of various local, regional and
international companies which are supporting development through their work in the DRC’s renewable
and decentralised energy sector.

1.5.2

The push of off-the-grid solutions by international donors

Several donors’ efforts have further boosted the adoption of these electrification solutions in the country. For
example, The UK’s Department for International Development’s ESSOR — Access to Electricity strategy
aims to roll out up to 30 hybrid solar mini-grid projects targeting areas of at least 100 000 inhabitants
in the country, through a tendering process to the private sector (IED, n.d.). Besides this, the project plans
to cover the entire renewable energy (RE) value chain from the international provider, thus enabling final
customers to access RE products.
The African Development Bank through its Green Climate Fund is providing “$20+1” for the DRC
Green Mini-Grid project, currently out for tender, which comprises three city-sized mini-grids (Gemena,
Bumba and Isiro — roughly 150 000 people in each).
The Indian Government provided a $83 million loan to the DRC government for 35 MW of solar PV power
projects in Karawa, Mbandaka and Lusambo cities12.
Initiatives from the Virunga Alliance, an intersection of civil society, the private sector and state institutions
backed by foreign aid resources, are another example of the off-the-grid trend, at least in its initial form.
The coalition intends to supply 96 MW of hydropower energy to North Kivu province by 2022, with financial
support from the Howard Buffett Foundation and the European Union, as well as $9 million from the UK
Department for International Development’s CDC and the Schmidt Family Foundation (Virunga info memo

12

See https://www.esi-africa.com/industry-sectors/renewable-energy/indian-bank-approves-83-11m-for-solar-pv-plants-in-drc/
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2016). Of the planned 96 MW, at least 15 MW has now been installed. The works has progressed to the
point that nowadays the installed capacity feeds the Eastern grid. See Table 1.7 for the planned plants and
their current status.
Table 1.7 North Kivu hydropower energy project
Plant

Capacity

Beneficiaries

Mutwanga

0.38 MW

Local soap factory

Matebe

13.8 MW

Rusthuru, Goma (Nyirigonga district), local SMEs and residential customers

Lubero

11.7 MW

Lubero

Mutwanga 2

1.4 MW

Taliha Nord

23.2 MW

Rutshuru 2

24 MW

Taliha Sud

12.5 MW

Lukwaliha

9.1 MW

Mutwanga
Beni, Butembo
Rutshuru, Goma
Kanya, Nanyabayanga, Kirumba
Beni

Source: Virunga, 2016, p. 29

USAID has taken a mixed approach via its Power Africa programme. Power Africa is a US multi-stakeholder
(government and private actors) initiative to support sub-Saharan governments in providing populations
with access to power, especially through private investment. According to a USAID 2017 report and the
USAID 2018 factsheet, in the DRC the initiative has:
■

■

■

■

■

1.5.3

contributed to the partial establishment of ARE and ANSER electrification agencies.
funded IFC consultants to study the demand potential in Kikwit (Kwilu), Kananga and
Tshikapa (Kasai Central) and Mbuji-Mayi (Kasai Oriental) to evaluate the viability of
extending grid access in these cities.
funded another feasibility study of four mini-grids in Nord and Sud Kivu provinces.
supported new mini-grid investments and SHS, working closely with provincial authorities
in eastern DRC.
in one of the incarnations of the Inga 3 deal, been slated to finance an AC line from Inga to
Lubumbashi through Kinshasa and Mbuji-Mayi (details available in USAID-IFC 2017 report).

The governmental endorsement of off-the-grid solutions

Moreover, there is a manifested government intention of pursuing mixed electrification for the country. For
instance, currently UCM is leading three initiatives that seek to inform energy policy, including in the latter
off-the-grid developments either explicitly or implicitly:
■

UCM is preparing a study to design the Geospatial Lower-Cost National Electrification
Plan 2021–2040. According to a terms of reference document, one of the mandates
of this study is to have big population agglomerations electrified by extending the grid,
interconnecting isolated networks or creating mini-grids, and more sparsely populated
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areas through autonomous systems (UCM 2018, p. 2). American company NRECA is in
charge of preparing this study.
■

■

UCM is managing another project whose main goal is to identify technical solutions aimed
at accelerating electrification in 21 DRC provincial capitals at the lowest cost, including offthe-grid technologies, using renewable energy sources. One objective of this project is the
realization of pre-feasibility studies for electrification of these 21 DRC provincial capitals.
Currently the project is in the data collection phase and it is implemented by French company
Innovation Energy Development.
UCM in alliance with the World Bank is overseeing a project aimed at reviewing and
improving the current datasets of existing hydro and solar resources for the DRC, and
identifying new potential hydro sources of more than 2 MW using satellite imagery a GIS
technology called Site Finder, the latter being a key data for new off-the-grid developments.
This study is ongoing, but preliminary results has already been shared with the UCM.
Belgian company SHER is conducting this research.

These initiatives relate closely to our project; hence, we are closely following them to avoid duplication of
efforts and make use of potential collaborations.

1.5.4

Continuity of big hydro development

This is not to say that big hydroelectric developments have been taken out of the electricity equation. For
example, some big hydro developments born out of strategic alliances between the national government
and foreign export-import (EXIM) banks are underway. This is the case of Zongo 2. In 2011, the China
EXIM Bank and Sinohydro Corp signed a $360 million agreement to build the 120 MW hydroelectric plant
at Zongo in Kongo Central province (USAID, 2018).
SNEL holds the concession and will run the plant; Sino hydro is in charge of engineering, procurement
and construction. The commissioning of the plant happened in 2018 but the electricity lines to Kinshasa
aren’t ready, so the plant isn’t fully operational. There are also a number of technical flaws that remain to
be addressed (CERERK, 2019).
Another example is the 10.5 MW hydropower project at Kakobola in the province of Kwilu. This is one of
two power projects financed by Exim Bank of India and the GDRC. The power plant is being executed for a
total cost of $57.4 million, of which $42 million is funded by Government of India (GOI) and $15.4 million
is funded by Government of DRC (USAID, 2018).
The construction allegedly went way over budget and is still not completed (RM). A second plant being built
with Indian assistance is located in Katende in the Kasai (Occidental) province. This 64 MW hydropower
plant, which is 50–60 % complete, is being built for a total cost of $280 million, of which $250 million is
funded by the Government of India through its Exim Bank and $30 million is funded by GDRC (USAID,
2018) The project has been interrupted several times and is still not complete (RM).
Moreover, UCM (2018) lists planned hydro developments, which total more than 5 000 MW, “including
hydropower plants (HPP) such as HPP Inga 3 (4 230 MW), HPP Luapula (900 MW), HPP Ruzizi 3 (147 MW),
HPP Nzilo 2 (120 MW) and HPP Busanga (240 MW)”. Of these, Inga 3 and Busanga deserve a closer look.
Busanga is the largest hydro-project currently under construction. The concession holder is Sicohydro, a
joint venture between mining company Sicomines and several Congolese parties. 170 out of the 240 MW
plant is allocated to the Sicomines mining project in Kolwezi, Lualaba province; the remainder will be sold
at market price to either other mining companies, SNEL or other purchasers. Commissioning is expected
late 2020 or early 2021.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

25

Inga 3 will be located on the Congo River, as are Inga 1 and Inga 2. With a total potential capacity of 40 000 MW,
Inga 3 is home to the largest hydroelectric potential in the world — dwarfing Inga 1 and Inga 2’s capacities of
351 MW and 1 424 MW respectively. Inga’s supporters therefore see its development as a golden opportunity
to significantly increase the energy supply not only for Congo but also for the African continent.
However, the project has not been free of controversy: Inga 3 will only be built on condition that a bankable
customer undertakes to support it. And, in the eyes of the private investors who will come forward to
develop and operate the project, bankable customer means mines or exports, given the poverty of the
Congolese population and the management problems of the national electricity company (SNEL)13. Similar
concerns can be raised about the Exim-banks-funded project.
Finally, there are some ongoing initiatives to refurbish existing hydro infrastructure. This is the case with the
World Bank’s Regional and Domestic Power Market Development Project which includes:
■

■

Rehabilitation of hydroelectric facilities at Inga
Construction of a 400 kV Inga-Kinshasa transmission line to complement the existing 220 kV
line, as well as the construction of two 100 MVA substations

■

Expansion of Kinshasa’s distribution system

■

Feasibility studies and engineering service component

■

A component of institutional and capacity building.

Congo Energy, a Congolese Groupe Forrest International company, will refurbish big hydro sites such
as Sanga and Inga 2, and build a 1 MW solar plant in Manono (central Katanga). Finally, Congolesebased Belgian company Société de Techniques Spéciales (STS) is in the process of building industrial
electricity installations (e.g. Bralima, Bracongo), installing transmission and distribution equipment
(e.g. Lubumbashi-Likasi-Kolwezi, Kinshasa) and is planning to develop micro-hydro, transmission and
distribution infrastructure in and around Beni (North Kivu), including at Taliha (contested site with Virunga).
The company has worked as sub-contractor on several state-run projects, including the abovementioned
Kakobola and Katende, and its subsidiary Energie du Congo (EDC) runs the micro-hydro plant in Tshikapa
(Kasai Occidental).
All these new developments, both in-grid and off-the-grid developments, illustrate a promising future in
the electricity sector of the country. With our project we hope to contribute to this booming environment by
providing a tool that informs new developments to come, as well as the endeavours of actors involved in
projects beneficial to the Congolese population. In the next chapters, we provide a thorough review of our
plan to make this goal a reality.

13

To see more details on Inga 3, visit Resource Matters’ Inga III — Kept in the Dark report here.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

26

References
ADPI-RDC. (2020) Processus de sélection du développeur.
Lighting Africa (n.d.). Democratic Republic of Congo — Lighting Africa. Lighting Africa. Retrieved from
https://www.lightingafrica.org/country/democratic-republic-of-congo/
Andritz. (n.d.) Democratic Republic of Congo — Cornucopia of Africa. Retrieved from: https://www.
andritz.com/hydro-en/hydronews/hydropower-africa/democratic-rep-congo
Banque Mondiale. (2017) Revue de la Gestion des Dépenses Publiques et de la Responsabilisation
Financière. Accroître l’Efficacité et l’Efficience du Secteur Public pour Promouvoir la Croissance et le
Développement (En Deux Volumes). Volume II. Septembre 2017. Retrieved from: http://documents1.
worldbank.org/curated/pt/931391530518362918/pdf/R%c3%a9publique-D%c3%a9mocratiquedu-Congo-Revue-de-la-Gestion-des-D%c3%a9penses-Publiques-et-de-la-ResponsabilisationFinanci%c3%a8re.pdf
Barba, Julien (Clyde & Co LLP). (2018) The new models for energy transition in Africa: A legal review of
mini-grid systems in DRC. Retrieved from: https://www.lexology.com/library/detail.aspx?g=9e24db2dabc9-4cd4-a159-00f2a4b317e8
CIA. (2020) The World Factbook — Democratic Republic of Congo. Retrieved from: https://www.cia.gov/
library/publications/the-world-factbook/geos/cg.html
DESA. (2019) 2016 Electricity Profiles
Élan RDC/UKaid. (2019) The Last Frontier for Energy Access — The Renewable Energy Opportunity in the
DR Congo. Retrieved from: https://static1.squarespace.com/static/5bc4882465019f632b2f8653/t/5caf
6631e79c7023d6525a3d/1554998850604/22+-+DRC+Energy+Opportunity.pdf
Élan RDC/UKaid. 2018.Energy Access in the DRC — Serving the poor and building a
capable energy sector to serve them. Retrieved from: https://static1.squarespace.com/
static/5bc4882465019f632b2f8653/t/5d3195598e770e000175b0f0/1563530670488/
Energy+Access+in+the+DRC.pdf
Gnassou, L. (2019) Addressing renewable energy conundrum in the DR Congo: Focus on Grand Inga
hydropower dam project. Energy Strategy Reviews, Vol. 26, 100400. Retrieved from: https://www.
sciencedirect.com/science/article/pii/S2211467X19300938
International Hydropower Association. (n.d.) Democratic Republic of the Congo. Retrieved from: https://
www.hydropower.org/country-profiles/democratic-republic-of-the-congo
International Rivers. (2013) Congo’s Energy Divide Factsheet. International Rivers. Retrieved from:
https://www.internationalrivers.org/resources/congo%E2%80%99s-energy-divide-factsheet-3413
Kusakana, K. (2016) A Review of Energy in the Democratic Republic of Congo. In ICDRE 2016:
18th International Conference on Desalination and Renewable Energy. Retrieved from: https://www.
researchgate.net/publication/306380971_A_Review_of_Energy_in_the_Democratic_Republic_of_Congo
Lukamba-Muhiya, J. M., & Uken, E. (2006) The electricity supply industry in the Democratic Republic of
the Congo. Journal of Energy in Southern Africa, 17(3), pp. 21–28.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

27

Nachmany, M., Fankhauser, S., Davidová, J., Kingsmill, N., Landesman, T., Roppongi, H., &Sundaresan,
J. (2015) Democratic Republic of the Congo. An excerpt from the 2015 global climate legislation study:
a review of climate change legislation in 99 countries: summary for policy-makers. Retrieved from:
https://www.researchgate.net/publication/284149889_The_2015_Global_Climate_Legislation_Study__A_Review_of_Climate_Change_Legislation_in_99_Countries_summary_for_ policymakers
Nkongolo, N. (2016) Managing legal risks in project finance in the Democratic Republic of Congo:
the example of the Grand Inga Project (Doctoral dissertation, University of Pretoria). Retrieved
from: https://repository.up.ac.za/bitstream/handle/2263/58734/Nkongolo_Managing_2016.
pdf?sequence=1&isAllowed=y
SNEL. (2013) Overview of the Electricity Sector in The Democratic Republic of Congo. Retrieved from:
https://usea.org/sites/default/files/event-/Democratic%20Republic% 20of%20Congo%20Power%20
Sector.pdf
Tearfund. (2018) Pioneering Power. Transforming lives through off-grid renewable electricity in Africa and
Asia. Democratic Republic of the Congo. Retrieved from: https://learn.tearfund.org/~/media/files/tilz/
climate_and_energy/2018-odi-tearfund-pioneering-power-country-report-drc-en.pdf?la=en
UCM. (2018) Termes de reference — Recrutement d’un consultant charge de l’elaboration de l’etude du
plan national geo-spatial d’electrification de la RDCAU Moindre Coût (PNGE-MC) «2021–2040 »
UNDP. (2013) Rapport National « Energie Durable pour tous à l’Horizon 2030 » Programme National Et
Stratégie. Retrieved from: https://www.cd.undp.org/content/rdc/fr/home/library/environment_energy/
Rapport_national_energie_pour_tous.html
United Nations. (2020) Energy Statistics Pocketbook. Retrieved from: https://unstats.un.org/unsd/
energystats/pubs/documents/2020pb-web.pdf
Van Reybrouck, D. (2014) Congo: The Epic History of a People. London: Not HarperCollins
World Bank. (2020) Electricity production from hydroelectric sources (% of total) — Congo, Dem. Rep.
Retrieved from: https://data.worldbank.org/indicator/EG.ELC.HYRO.ZS?locations=CD

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

28

Chapter 2.

Energy data: gap analysis

2.1 Introduction
Chapter 1 identified a series of challenges for electricity provision in the Democratic Republic of Congo
(DRC). To contribute to addressing those challenges, Resource Matters (RM), in partnership with the
University of Cape Town (UCT), KTH Royal Institute of Technology in Sweden (KTH) and Reiner Lemoine
Institute (RLI), will develop a geospatial energy system model to inform energy policy for electrification in
the DRC. This chapter outlines the data requirements needed to develop this model, as well as the data
sources and data gaps currently identified to satisfy those requirements. The data sources described here
are being made openly available wherever possible.
This data can also be helpful for numerous other efforts beyond this project and should not be seen as only
applicable to the specifics of energy system modelling. The data may have several uses for other planning
efforts beyond energy, and for a wide range of stakeholders. Readers can navigate the Contents to find
datasets specific to their interests.
We also invite comments on the contents of the chapter and the approaches described, and openly welcome
contributions of new data sources, updates and evolving methodologies that may be relevant. This work
will be continually updated as new information and data becomes available.

2.1.1

Energy system models and their data requirements

The data requirements for energy system models depend mainly on two factors: the number of variables
considered, and the approach to modelling. For the first factor, energy models require data on energy
supply, energy demand and energy infrastructure. Figure 2.1, from the United Nations Department of
Economic and Social Affairs (UN-DESA) energy system training module, expands on this.
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Figure 2.1 Elements of an electricity system model
Source: UN-DESA

“A typical electricity system model relates techno-economic aspects such as types of generating technology
(…), the extent of generating capacities, (…), and operational aspects, especially demand loads” (UNDESA, n.d.).
Concerning the second factor on modelling approaches, there are three main ways to approach energy
modelling: 1) top-down models, which use aggregated data for predicting purposes, 2) bottom-up models,
which employ disaggregated data to account for energy uses and purposes in a more detailed way, and
3) hybrid models, which combine the advantages and disadvantages of several approaches or use multiple
complementary independent models (Urban et al., 2007, p. 3 479).
These concepts and the team’s preference for a hybrid model are explained in greater detail in Chapter 3. Since
the team will develop a hybridised set of models, we have identified data for several modelling approaches.

2.1.2

Data in the Democratic Republic of Congo (DRC)

Energy modelling — and especially bottom-up energy modelling — is data intensive. The lack of data is
one of the main challenges to the development of energy systems in developing countries. The DRC is no
exception. With this in mind, this chapter presents the results of our data gathering and analysis for the DRC
to meet the data needs outlined in the project.
Several datasets in the country date from the 20th century when significant research was done; others are
more recent but are of relatively poor quality or are only partially complete. Some of the data are projections
from studies done 10 or 20 years ago, which posits the risk of not reflecting the rapidly changing reality on
the ground. The state of the collection of population data is telling in this regard, as will be demonstrated
and discussed below.
Moreover, despite the existence of significant energy data in the DRC, there is still a problem with its
dissemination. National public agencies, such as the Société Nationale d’Électricité (SNEL) and the Ministry
of Energy and Water Resources, do release presentations but those are usually snapshots of larger datasets
that are difficult to access, even for institutions within the public administration. This constitutes a challenge
to improving electricity provision in the country.
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With current technologies, some of the datasets can be created or estimated using satellite imagery and
computer-processing technology without the need to collect data on the ground — night-time lights, solar
and wind potential, and population distribution are examples of this. Such data are generally easily
accessible in formats readily usable by researchers. In fact, the existing energy models for sub-Saharan
Africa and the DRC make extensive use of satellite data to achieve the desired outcomes. However, some
challenges arise when using it:
■

■

■

A lack of availability and integration of information from state institutions in the country,
even though some agencies and institutions that have done recent research may have good
quality data available.
The projections using satellite-sourced data may not necessarily reflect reality, and on the
ground validation may never happen.
The projections of data at the national level do not reflect the potentially significant variations
across provinces and households.

The chapter is divided in five sections: (1) demand data, which include population and socioeconomic data,
(2) energy supply data, which review data on available energy resources in the DRC, (3) transport and
energy infrastructure, (4) physical geography data, and (5) administrative boundaries.
The sections below present the datasets found, grouped by topic, with a snapshot of the current Congolese
situation where possible. Moreover, for each dataset found relevant to the purposes of our exercise, the
description includes: the name and origin of the dataset, its type (vector, raster, csv, non-spatial, etc.), its
method of creation; and its geographical and time period coverage. A compilation of this information and
some additional information is available in this link.
The chapter closes with a section describing which datasets or transformation of datasets will be utilised in
the next project phases, and how challenges and gaps within the data will be addressed.

2.2 Demand data: general population, households,
business and public facilities
Data concerning energy demand is crucial for estimating optimal electrification solutions for a given place,
as the cost of energy provision is relative to the potential consumption of energy. Moreover, high-quality
energy demand data contributes to a better estimation of the effects of different types of change to the
supply or demand of energy, which renders the modelling efforts more useful and accurate in terms of
policy decisions.
Population count and distribution is one of the most fundamental inputs when it comes to defining the
energy demand in an energy system model. Considering the spatial character of this model, accurate
population distribution data, estimated using satellite imagery and computer processing, is currently seen
as the most suitable method, having a much higher spatial resolution than typical census data. However,
census data is still needed as a basic input to determine how many people live in a given area. The census
data of the DRC is outdated, has missing areas and is of uncertain quality. In our search we found eight
sources of readily available population data.
The model also requires information on how country consumes energy. For households, data from household
surveys is the preferred option. We identified microdata from five household surveys with national coverage
and learned about the existence of nine surveys conducted between 2000 and 2017. In addition to basic
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variables that characterise a household, in some cases the surveys also contained questions on habits
and preferences of energy consumption. In addition, the project team carried out an energy consumption
survey in the capital Kinshasa and nearby areas in the autumn of 2019.
Dunkerley (1982) suggests a list of data that a model estimating energy demand should optimally have.
The list includes the level of economic activity, changes in the structure of economic activity, and regional
shifts in economic activity. This is logical as productive facilities usually consume a sizeable portion of
energy compared to the number of households. Information on the general economic structure of the DRC
is of good quality. However, disaggregated data on business presence across the territory and their energy
demands is scarce. Accessing public facilities data is even more challenging. The availability of accessible
datasets containing the location of these structures is limited, especially the data on their energy demand.
The following pages present in detail the sources found for each demand agent, the challenges encountered
and an introductory note on how to deal with them.

2.2.1

Population data from satellite imagery

With regard to demographics, satellite imagery, i.e. pictures of sufficiently high resolution taken from
satellites around the Earth, can be used to identify where there may be buildings or other human activities.
Combining this with more traditional demographic data, such as census and household surveys, it is
possible to infer the population at a given point. Computational algorithms can be used to automate this
process. Data derived from satellite imagery is usually more up to date — as much as the base satellite
images are — and much more precise than a typical census in a developing country. Using historical
archives of satellite imagery also allows the changes and evolution of settlement patterns, urbanisation and
population growth to be investigated.
However, some precautions should be taken when dealing with satellite population data. For example,
it relies heavily on census data to determine how many people live in a given area. This is challenging in
the Congolese case as the last official national census dates from 1984. Besides, the possibility of “false
positives” (detecting a building that is not a building e.g. rocks, farms etc.), and “false negatives” also
exist (missing a settlement or building due to failure of the detection algorithm, no satellite image available,
or no census data available, and showing no data or no population in that location).
In addition, the accuracy of the satellite images may be affected by obstacles that cover the satellite’s view,
such as cloud cover and reflective roofs, moving rivers and big trees; and human-related reasons, including
moving populations, temporary buildings and rapid settlement expansions. Moreover, data validation in
countries with scarce data is not complete, particularly in areas expected to have low population densities
such as rural areas.
Technical elements in the treatment of this data also come into play. The considerable size of datasets
makes them difficult to manipulate; different resolutions, methodologies and spatial/historical coverage
of different sources complicate combinations of multiple sources. Undercounting or missing settlements
(false negatives) cause that population to be allocated to the remaining detected settlements, resulting in
an overestimate. Conversely, if significant false positives are detected, placing people in areas where no
one lives will result in the areas that are accurately detected to have too few people allocated there. Finally,
privacy issues arise with satellite-sourced data as the anonymity and security of certain populations may be
put at risk; in areas where there is a lack of access to the internet or information, they may not even know
that this data is available online or being used to plan infrastructure for them.
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The following list of population data sources, and data sources related to electricity access, were analysed
for suitability in the project:
Population data
1. Global Human Settlement Layers (GHSL), 2019, by the European Commission Joint
Research Centre
2. Facebook Population Density Maps, 2019, by Facebook and the Columbia University
Centre for International Earth Science Information Network (CIESIN) and clustering of this
data by KTH Royal Institute of Technology in Sweden
3. The Gridded Population of the World maps, 2017, by the NASA Socioeconomic Data and
Applications Centre (SEDAC) and the CIESIN
4. WorldPop, 2018, by the University of Southampton and CIESIN.
Electricity access data
5. National Centres for Environmental Information (USA), The Earth Observations Group
(EOG), Visible Infrared Imaging Radiometer Suite (VIIRS) Day/Night Band (DNB)
6. Energy access and distribution population maps, 2019, by the Fondazione Eni Enrico Mattei
(FEEM) and Landscan
7. OnSSET Electrified/Unelectrified Population Data.

Figure 2.2 Population datasets
Source: From left to right: (1) European Union JRC GHSL, (2) Facebook data, (3) FEEM/Landscan data, (4) WorldPop,
and (5) SEDAC GPW v4.0 [Full resolution national scale figures of each dataset are included in the Appendix.]

These datasets all cover the entire DRC, but they have different temporal coverage and different
resolutions — from 30×30 m area counts up to only provincial counts. Moreover, most of the datasets are
freely available online for download, but have different levels of open-source availability, transparency
and reproducibility of the steps required before the creation of the final population maps. The Landscan
data used for the FEEM dataset is the exception: it is not currently freely available. However, it is possible to
apply for an academic license and it has also been made indirectly available as a re-processed map from
the FEEM dataset.
The SEDAC “Gridded Population of the World v4.0” dataset is not described in the same level of detail as
the other datasets here. This dataset is simply an openly available dataset reproduction of the latest census
data available from each country in the world (1984 for the DRC). The dataset uses a standard method to
create a grid of the population from the shapefiles, with total population counts for each census area (e.g.
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district, municipality, etc.) and assigning an equal number of people per grid square (pixel) — this, however,
does not add any additional information to the specific distribution of population within those areas. This
dataset is used by several of the other satellite-derived datasets as the basic census input data. Problems of
missing data in a census (and therefore this source) can often be seen in other modelled data sources, as
can be seen below. It also provides metadata information on the data of each grid cell (e.g. year of census,
missing data flags, land or water, etc.)
The datasets created and published by WorldPop and Columbia University for the DRC14 (https://www.
worldpop.org/geodata/summary?id=6348) were the best available datasets several years ago. However,
since then minimal progress has been made on the quality of the WorldPop data for the DRC, while all
other datasets described have made significant progress on the accuracy and resolution of the datasets
(other countries are also expected to be of lesser quality than newer datasets but were not investigated here
in detail). Until significant improvements are made, the WorldPop dataset is now unfortunately no longer
considered useful by experts modelling population distributions. The WorldPop data will not be discussed
in any more significant detail.
In each dataset description that follows, Gemena city, in north-eastern DRC, is used to demonstrate the
highest resolution possible from each dataset.

Global Human Settlement Layers (GHSL)
Author:European Commission
Data type: raster
Last updated:2018
Geographical coverage: global
Data website: https://ghsl.jrc.ec.europa.eu/index.php
Methodology link:https://ghsl.jrc.ec.europa.eu/data.php#GHSLBasics
Availability:readily available to download

The European Commission (EC), through the Joint Research Centre (JRC), produces the GHSL. The GHSL
consists of a set of GIS data about human presence around the earth, over time, in the form of “built-up”
maps (where humans have erected buildings), population density maps and settlement map classifications
(where humans are agglomerated in particular ways). To create these maps, multiple sets of data are
used, including global archives of fine-scale satellite imagery, census data and volunteered geographic
information. These data are then processed through computational algorithms to generate the outputs
mentioned (EC JRC GHSL, 2019).
This dataset is currently the most promising in terms of openness, total coverage, historical coverage,
settlement type classification and ongoing international development. It is the only dataset with historical

14

The data linked here is the estimate for the 2020 population numbers (based on UN population projections); however, the
dataset was last updated in 2018.
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data and data covering the development of buildings, population and settlement type (1975, 1990, 2000,
and 2015 provided).
To generate this data, the GHSL 2019 framework first detects areas with buildings using large amounts of
high-resolution satellite images (Landsat) and image-processing/-detection software. This process results
in the Built-up Area (GHS_BUILT-UP) layers, which are high-resolution maps showing the distribution
of detected permanent buildings. Then population data from census is disaggregated into the buildings
(detected in the previous step) according to the building density. These figures are adjusted using the United
Nation’s estimates of population growth. The resulting output is the Population Distribution (GHS_POP)
layers. Finally, the population identified in the GHS_POP layers are grouped into settlements, which are
then classified into a type of settlement, such as city, suburb, town, village, rural area etc. The criteria relate
to both population density and built-up density. The Settlement Type Classification Model (GHS_SMOD)
layers are the final result of this process.
Figure 2.3 summarises the process above. For a more detailed account, please visit the website https://
ghsl.jrc.ec.europa.eu/data.php#GHSLBasics.

Figure 2.3 GHSL basic data creation process
Source: https://ghsl.jrc.ec.europa.eu/data.php#GHSLBasics
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Map 2.1 Gemena example demonstrating different components of the GHSL datasets
GHS modelled datasets from 1975 to 2015. Top-left: satellite image. Top-right: building detection
mapping (GHS-BUILT: 30×30 m). Bottom-left: population distribution data (GHS_POP: 250×250 m
resolution). Bottom-right: settlement classification model (GHS_SMOD: 1×1 km resolution).
Source: As indicated above
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Facebook’s Population Density Maps
Author:Facebook
Data type:raster
Last updated:2017
Geographical coverage:global
Data website:raw Facebook data available at:https://data.humdata.org/dataset/
highresolutionpopulationdensitymaps-cod
KTH clustered data for sub-Saharan Africa available at:https://data.mendeley.com/
datasets/z9zfhzk8cr/3
Methodology links:
https://research.fb.com/wp-content/uploads/2019/05/Building-High-Resolution-Maps-forHumanitarian-Aid-and-Development-with-Weakly-and-Semi-Supervised-Learning.pdf?
https://www.weforum.org/agenda/2019/08/facebook-using-machine-learning-to-mapworld-population/
https://www.researchgate.net/publication/321901984_Mapping_the_world_population_one_
building_at_a_time
Availability:readily available to download

This data is created in a similar way to the GHSL data, ”using a mixture of machine learning techniques,
high-resolution satellite imagery and population data” (Bonafilia et al., 2019). To begin with, commercially
available satellite images from DigitalGlobe are used to detect buildings, using an algorithm as illustrated
in Figure 2.5. The algorithm detects in each 30×30 m cell whether it contains a building or not, but it does
not count the number of buildings in that cell.
After the algorithm detects the buildings, it divides the population count from the census data of the
smallest geographic unit (suburb, district, municipality, province, etc.) into the 30×30 m squares detected
in that area. This can result in a cell that contains a single small building, having the same number of
people allocated as a cell containing a large apartment block. It can also allocate decimal fractions of
people into areas.
The final population raster map has a 30×30 m resolution, higher than the 250×250 m resolution
population map of the GHSL15 data. Population estimates for cells of 30 square metres result in a seemingly
higher quality resolution in comparison to cells of 250 square metres. However, this is a double-edged
sword: more cells can lead to more errors, especially as the algorithm does not count the number of
buildings per cell. However, it does facilitate finding the errors as they will not be “smoothed out“ (i.e. the
250 m averaged value may seem accurate, but the details of the detected buildings could be incorrect and
not visible to the user).

15

Although the GHSL data has building detection at 30×30 m cells, it does not provide population estimates into each cell at that
level. It instead calculates the density of buildings in each 250×250 m area and allocates population into those areas according
to the density.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

37

Figure 2.4 shows examples of data used for classification in the Facebook detection model, and Map 2.2
displays the raw Facebook building detection and population distribution data at the highest resolution
available (30×30 m resolution).

Figure 2.4 Examples of data used for classification in the Facebook detection model
Left: Images that are labelled to include a building.
Right: Images that are known not to include a building.
Source: Facebook et al., 2017

An important issue with the Facebook data is that if a given area has missing census data (evident mostly
in Lodja, Kolwezi and Mabu-Maji), the algorithm will not detect any buildings there and hence no people
are allocated to this area, even if it is clear that it contains buildings and people. Also, if the original census
area boundaries are no longer accurate (e.g. a city, village or suburb has expanded beyond its original
1984 boundaries), this error will be present in the final population distribution map. The European Union
(EU) data team has recently developed an algorithm to search for populations in areas that have no census
data, and redistributed the total population of the country into those areas; their results are now showing
mapped populations in the missing census data areas of Lodja, Kolwezi and Mabu-Maji.
The KTH Royal Institute of Technology in Sweden has further processed this data into clusters, which they are
using in their Global Electrification Platform (GEP): “an open access, interactive, online platform that allows
for overview of electrification investment scenarios for a selection of countries”, including the DRC16. KTH
clustered the Facebook data points into settlements of sizes that vary from the 30 m grid cells to groups of
buildings with a maximum distance of 100 m between buildings in a single cluster17. In addition, they have

16

See https://electrifynow.energydata.info/.

17

For more information, check https://www.mdpi.com/1996-1073/12/7/1395, and https://gep-user-guide.readthedocs.io/en/
latest/GEP%20Toolbox.html#q-gis-plug-in-for-developing-population-clusters.
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included an estimate of the population in each cluster, which shows evidence of night-time lights recently
detected from satellites, as well as including estimates for the population in those areas in 2030, based on
UN estimates.
The map below of Gemena city shows the population clusters. The lines indicate the perimeter of the
grouped/clustered settlement. Each cluster records the sum of the total population in that settlement or
cluster. Also included is an estimated percentage of the cluster where night-lights are detected (used by
OnSSET to determine starting electrification status). They have also estimated population projections up to
2030 for each cluster.

Map 2.2 Facebook detected buildings and population map in Gemena city
Left: Buildings detected with the highest 30×30 m resolution.
Right: KTH clustered data to groups of buildings with no more than 100 m maximum distance
between detected buildings in a single cluster. The figure on the right is further zoomed out to
show outlying population clusters nearby Gemena.
Source: Facebook et al., 2017, and GEP, 2019

Electricity access data
The remaining three datasets (VIIRS, FEEM/Landscan, and OnSSET) map populations with or without
electricity access. This is a necessary demand input as it is needed to determine the population that is yet to
be provided with electricity, i.e. potential new demands for electricity and the location.
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VIIRS’s day/night band (DNB)
Author:National Aeronautics and Space Administration (NASA)
Data type:raster
Last updated:2016 for annual “stable lights” cleaned composites, 2019 for monthly
composites
Geographical coverage:global
Data website:https://www.ngdc.noaa.gov/eog/viirs/download_dnb_composites.
html#NTL_2015 (very large data files — ~4GB)
Methodology link:https://www.ngdc.noaa.gov/eog/viirs/
Availability:readily available to download

The VIIRS is a sensor on board weather satellites that scans and collects imagery and radiometric
measurements of the land, atmosphere, cryosphere and oceans in the visible and infrared bands of the
electromagnetic spectrum. The day/night band (DNB), which is one of the visible bands, captures low-light
imaging data: lighting from cities, towns, villages, combustion sources and lit fishing boats. By doing so, it
provides global nightly mosaics, monthly cloud-free composites and annual cloud-free composites. Version
1 of the sensor’s output spans the globe from latitudes 75N to 65S and is made available in geoTIFF format.

Map 2.3 VIIRS’s day/night band image in the DRC extent
Source: African Development Bank (2017)
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Foundation Eni Enrico Mattei (FEEM) and Landscan energy access and
population maps
Author:Foundation Eni Enrico Mattei
Data type:raster
Last updated:2018
Geographical coverage:global
Data website:http://gdessa.ene.iiasa.ac.at/gdessaInterface.html
Methodology link:https://github.com/giacfalk/Electrification_SSA_data, https://www.nature.
com/articles/s41597-019-0122-6
Availability:readily available to download

The FEEM and Landscan developed a “1-km resolution electricity access dataset covering sub-Saharan
Africa, built on gridded night-time light, population and land cover data. Using light radiance probability
distributions, [they] defined electricity consumption tiers for urban and rural areas and estimated the by-tier
split of consumers living in electrified areas. The dataset is readily reproduced and updated using an openaccess scientific computing framework.” (Falchetta et al., 2019).
FEEM also makes available datasets of population distribution at a 1×1 km resolution from 2014 to
2018, after reprocessing the population layers provided by Landscan. The raw Landscan datasets are not
available for free, although it is possible to apply for an academic license.
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Map 2.4 FEEM non-electrified population layers
2018 population data at maximum 1×1 km resolution of the dataset. 2014 to 2018 are available.
Source: FEEM et al., 2019

OnSSET Electrified Population Data
Author:KTH
Data type:raster
Last updated:2019
Geographical coverage:global
Data website:https://drive.google.com/drive/folders/12rddv1OqwbWo5CV0RSGJJ5hW2dsnQ-4?usp=sharing
Methodology link:www.onsset.org
Availability:readily available to download
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Map 2.5 below shows an estimation of where the electrified (blue) and unelectrified (red) populations are.
The model estimates where the people with access to electricity are, using population data, night-light data,
proximity to the existing grid networks and proximity to roads. This map is from an earlier application of
OnSSET (which was carried out in this project). The method of detection/estimation has been updated in
the most recent version to use clusters of populations rather than points.

Map 2.5 OnSSET estimated population with and without electricity access
Source: Authors analysis, using OnSSET 2018 algorithm, 2016 GHSL population data, and VIIRS 2016 night-light data

2.2.2

Household surveys

Surveys are another important source of population data. Survey data provides a rich array of information
that is useful to characterise habits and preferences of households. In addition to socio-demographic
variables (number of people, income, level of education, etc.), in some cases the surveys contain accounts
of habits and preferences related to households’ energy consumption, such as the possession of electric
appliances and the ability to pay. The detailed information contained in surveys allows correlations between
variables to be explored, which can be useful when extrapolating data.
Several household surveys have been conducted in the country in recent years. Between 2000 and 2017,
Thontwa et al. (2017) count nine: the MICS2 (2001, with a sample of 8 600 households); the Survey 1-2-3
(2004, 13 688 households), the CFSVA (2007/8, 3 236 households), the DHS (2007, 8 886 households),
the MICS4 (2010, 11 490 households), CFSVA (2011/12, 24 884 households), the OOSC (2012, 13 519
households), the Survey 1-2-3 (2012/13, 21 454 households), and the DHS (2013/14, 18 171 households).
Some precautions need to be taken when analysing household information in the DRC. The continuity
between the above surveys is small, possibly due to the fact that they have been conducted by different foreign
institutions. Furthermore, the household surveys do not provide an accurate indication of the population due
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to sampling bias (Marivoet & De Herdt, 2017). Figure 2.5 provides a snapshot of the population surveyed
in each sample. The last national census — a basic input to define survey samples — dates from 1984.

Figure 2.5 Provincial demographic weight in the surveys conducted from 2001 to 2013
Source: Thontwa, et al., 2017, p. 13

The fact that the national census in the country is this outdated is especially problematic in the Congolese context
as the country has undergone historical events that have surely modified the population distribution: amongst
those, Marivoet & De Herdt (2017, 1–2) point out “the end of the Zairian state in 1996”, “the two consecutive
wars that followed”, and “a gradual but still fragile economic and institutional recovery since 2003”.
There are many reasons for the lack of quality data. On the technical side, according to a review carried
out under the National Strategy for the Development of Statistics, the statistical system is weak in terms of
“human resources, institutional capacities, physical infrastructure and availability of statistical information”
(World Bank, 2015, p. 3). In terms of human resources, only 44 % of the staff at the National Institute of
Statistics hold a professional degree, and of these only 17 % hold a professional degree in either statistics,
economics, demography or computer science. This ratio is below that of some other African nations such
as Senegal (59 %) and Ghana (39 %). Staff salaries are also low: staff salaries were less than US $150/
month in 2014. The DRC also does not have a reliable vital registration system and has yet to deploy an
agricultural or a business census. These factors affect the accuracy and credibility of planning, management
and reporting of public management in the country (World Bank, 2015).
The political consequences of data collection are another factor that hinders the improvement of
demographic information in the DRC (Brandt & De Herdt, 2019). Marivoet & De Herdt (2017) mention two
reasons for this. On the one hand, a new census could modify the regional composition of the parliament
as the demographic weight of each district may vary. On the other hand, better population data would
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allow for a more accurate assessment of economic policy or foreign aid programmes related to social
assistance programmes (vaccinations, professors per alumnus, health of new-borns, etc.).
Besides data quality, the availability of data is a challenge: the microdata of some of the surveys were
impossible to access online. However, on a positive note, the Great Lakes of Africa Centre based at
Antwerp University have gathered, and made available, multiple surveys. Out of the surveys available,
four fit our interests: there is an extensive sample that contains questions about appliances, electricity and
energy consumption, and access in the household. These surveys will help to better understand how the
Congolese households’ access and consume energy, and hence will enrich the demand energy profiles.
The following pages present a description of databases that can be used to estimate household demand
data across the DRC. An important question remains, namely: which survey has the best information? The
final section of this chapter includes some notes on this question, along with insights into the methodology
that will be used to extrapolate the information contained in the survey data, to geographic areas not
covered by the surveys for input into the model.

RM and UCT energy consumption survey
Author:RM and UCT
Data type:Stata dataset
Last updated:2020
Geographical coverage:Kinshasa
Data, methodology and availability:see Chapter 5

During Phase I of this study, a survey was conducted in order to gain a better understanding of energy use
in rural, peri-urban and urban areas of Kinshasa. Surveys were carried out across the Capital Province
of Kinshasa between September and December 2019. Chapter 5 covers the questionnaire development,
enumerator selection and training, the survey tool, the sampling method used and survey sites, as well as
preliminary descriptive statistics from the survey.
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Demographic and Health Surveys (“DHS” 2007 and 2013)
Author:DRC National Institute of Statistics, the Ministry of Planning and United States Agency
for International Development (USAID)
Data type:Stata dataset
Last updated:2013
Geographical coverage:national: a sample of 8 886 households in 2007 and 18 171
households in 2013
Data website:https://www.uantwerpen.be/en/projects/great-lakes-africa-centre/nationaldatasets-livelihoods-drc/demographic-and-heal/
Methodology link:https://www.who.int/bulletin/volumes/90/8/11-095513/en/ (only 2007)
https://dhsprogram.com/pubs/pdf/SR218/SR218.e.pdf (2013 results report)
https://academic.oup.com/ije/article/41/6/1602/747345 (not only for DRC)
Availability:readily available to download

According to the Great Lakes Institute, this consists of a “Nationally representative household survey that
provides data for a wide range of monitoring and impact evaluation indicators on population, health and
nutrition in the DRC. It provides reliable data on fertility; sexual activity; family planning; breastfeeding”,
amongst other issues. Amongst the basic data collected, the survey includes questions concerning the
socioeconomic characteristics of the households, such as the number of people, building materials of the
household, possession of some appliances, and whether the household has electricity.

1-2-3 National Household Surveys (“Survey 1-2-3” 2005 and 2012)
Author:DRC National Institute of Statistics in cooperation with multiple international partners
Data type:Stata dataset
Last updated:2012
Geographical coverage:national: a sample of 13 688 households in 2005 and 21 454
households in 2012
Data website:https://www.uantwerpen.be/en/projects/great-lakes-africa-centre/nationaldatasets-livelihoods-drc/national-household-s/
Methodology link:link above and Marivoet, et al. (2019)
Availability:readily available to download
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This is the “First national household survey in the DRC focusing on Employment, the Informal Sector and
Household Expenditures”. It collects data on three aspects: 1) employment, unemployment and household
conditions, 2) the informal sector, its conditions of activity, its economic performance, and the mode of
insertion into the productive fabric, and 3) consumption, places of purchase and poverty. The overarching
objective is to collect data that can be used to estimate the standard of living of households.
The surveys enquire about the size, access to electricity and the appliances in both households and
businesses. In the second aspect, the survey includes at least one question about the type of business
(TYPAC), which is answered at a very high level of detail: the responses are of the type “vente en detail de
farine de mais”, “vente en detail de l’huile de palme”, “vente endétail de la boissonindigène”, “vente en
detail de la farine de manioc”. Cross-referencing these answers with a proxy of energy consumption
could allow for a much more detailed construction of energy consumption profiles. A review of the
surveys on consumption, places of purchase and poverty shows that no questions were asked in order to
gather information about expenses related to electricity consumption, but a more detailed review of the
questionnaires could prove this wrong.

Multiple Indicator Cluster Surveys (1995, 2001, 2010)
Author:National Institute of Statistics, United Nations Children’s Fund (UNICEF), the
Secretariat General of Planning and other UN agencies
Data type:Stata dataset
Last updated:2010
Geographical coverage:national: a sample of 4 574 households in 1995, 8 600 households
in 2001, and 11 490 households in 2010
Data website:https://www.uantwerpen.be/en/projects/great-lakes-africa-centre/nationaldatasets-livelihoods-drc/multiple-indicator-c/
Methodology link:link above, https://www.unicef.org/statistics/index_24302.html
Availability:readily available to download

This collection of surveys provides information on the situation of children and women in the DRC, and
is largely based on the need to track progress towards the Millennium Development Goals (MDGs). It
mainly covers the extension of health-related practices and supply, such as the use of certain medicines,
vaccinations, mosquito nets, visits to the doctor, amongst others. Useful information about households’
socioeconomic status and their access to energy is included. Regarding the access to energy, questions
include the type of fuel used for cooking, the type of food cooked, access to electricity, and possession of a
radio, TV, fridge, generator, cellphone, PC, car and camion.
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National Survey on the situation of out-of-school children and adolescents
(OOSC)
Author:Ministry of Education, UNICEF, Department for International Funding (DFID), United
Nations Educational, Scientific and Cultural Organisation (UNESCO), and the HIPS University
of Ouagadougou
Data type:Stata dataset
Last updated:2013
Geographical coverage:national: a sample of 13 519 households in 2012
Data website:https://www.uantwerpen.be/en/projects/great-lakes-africa-centre/nationaldatasets-livelihoods-drc/national-survey-on-t/
Methodology link:link above, https://www.alnap.org/help-library/national-survey-on-thesituation-of-out-of-school-children-and-adolescents (results report)
Availability:readily available to download

This survey gathers statistics and information on factors contributing to the premature withdrawal of children
from schools in the DRC. The survey asks questions about children out of school, their location and the
reasons why they are out of school. Useful information about the households’ socioeconomic status and
their access to energy is included. For the latter, questions include the type of fuel used for cooking, the type
of food cooked, access to electricity, and possession of a radio, TV, fridge, generator, cellphone, PC, car,
camion and solar panels.
All the surveys below are disaggregated by province (24), although the Demographic and Health Surveys
(2007–2012) contain the coordinates of households, which are available on request from USAID.

mKengela initiative
Author:de Développement Cellule d’Analyse des Indicateurs (CAID) in conjunction with the
World Food Programme (WFP)’s mobile Vulnerability Analysis and Mapping project (mVAM)
Data type:quantitative data in plain text form
Last updated:2020
Geographical coverage:national: a sample of 120 Territories
Data website:https://www.caid.cd/index.php/publications/mkengela/
Methodology link:link above, http://mvam.org/2016/04/20/introducing-mkengala/
Availability:readily available to download
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Additional data sources provide useful information on households’ income, a crucial variable in estimating
their capacity to pay for electricity. One of these is the mKengela initiative. Through this initiative, a
professional call centre in Kinshasa contacts traders twice a month to ask about the prices of basic food
products in a selected number of Territories (see section 2.6). In addition, field agents collect information,
by Territory, on the cost of a day of agricultural labour, and a comparison to this figure on the cost of
two standard food baskets. This provides information for estimating the purchasing power of households
whose main income derives from agriculture, which applies to the majority of households in the DRC. This
initiative is still in place.
Faber et al. (2017), from the University of California, Berkeley’s Center for Effective Global Action,
have conducted a series of household surveys in artisanal mining communities in the DRC’s Copperbelt.
The sample included a random selection of 2 635 households, or 15 023 individuals. Data from these
surveys include the average and the median monthly household income per capita (28 USD and 14 USD
respectively), and indicate that the households surveyed live in a condition of severe poverty. The average
monthly per capita expenditure (around 20 USD) is statistically indistinguishable from the per capita
average monthly household income (p. 26), indicating that savings are virtually non-existent.
In 2020, the International Peace Information Service (IPIS) will release a study that investigates the
incomes of mining workers in one of the eastern regions of the DRC. Cross-referencing this information
with the CAID’s description of the Territories’ and Cities’ economic fabric could allow an indicative estimate
of the purchasing power of households in different Territories. Finally, the CAID also displays the share of
income of agricultural households according to their main source of income (salaried labour and another
informal job, e.g. fishery, cattle breeding, agriculture). Complementing this data in their Territories’ and
Cities’ profiles, the CAID also includes a list of the main energy sources and a brief but good description of
the state of energy access, although not all Territories and cities have this information.
Table 2.1 Sources of households’ income
Center for Effective Global Action’s study on
mining households’ livelihoods

https://cega.berkeley.edu/assets/cega_research_projects/179/
CEGA_Report_v2.pdf

International Peace Information Service (IPIS)

https://ipisresearch.be/

CAID’s agricultural households’ income
composition

https://www.caid.cd/index.php/exporter-lesdonnees/?donnees=agriculture&round=2 — Option “Proportion
de la population selon la source principale de revenu”

CAID’s list of the main energy sources by
geographic unit

https://www.caid.cd/index.php/donnees-par-provinceadministrative/ for the Territories, and https://www.caid.cd/
index.php/donnees-par-villes for the Villes. In each profile, see
option “Situation économique — Principales sources d’énergie”

2.2.3

Economic structure and businesses activity

In the DRC, the demand for energy for productive uses has been consistently higher than household
demand, although in recent years the latter has been catching up (see Table 2.2 below). To allow a
better understanding of the electricity demand for productive uses, four aspects are included in the report:
1) general economic structure, 2) business activity, 3) informal activity, and 4) sectoral demand.
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Table 2.2 Energy consumption in the DRC by type of consumer (GWh)

Industry and construction

2011

2012

2013

2014

2015

2016

4 258

3 652

3 262

4 342

3 994

3 848

15

0

0

0

…

Transport
Household and other const.

2 460

3 716

4 009

3 557

3 272

3 153

Total

6 718

7 383

7 271

7 899

7 266

7 001

Source: United Nations DESA, 2019

2.2.3.1

Economic structure

Macroeconomic information is one of the main proxies of energy demand. In addition, with rich enough
datasets of production of goods and services in the country, and of energy consumption, one could estimate
the relationship between these two variables. The Banque Centrale du Congo has a database of GDP
from 1960 until 2008. Databases of widespread use in macroeconomic research, such as those of the
International Monetary Fund (IMF), the World Bank and the Penn Tables — a set of national-accounts data
from a rich selection of countries widely used among scholars — also contain long gross domestic product
(GDP) time series for the country, including other indicators that may be used to estimate energy consumption.
Table 2.3 Sources of long GDP time series for the DRC
DRC Central Bank GDP series

http://www.bcc.cd/index.php?option=com_content&view=arti
cle&id=150:production-interieur-brut-pib-constant-au-prix-de2000&catid=73:secteur-reel&Itemid=14

DRC IMF’s country data profile

https://www.imf.org/en/Countries/COD#countrydata

DRC World Bank’s country data profile

https://data.worldbank.org/country/congo-dem-rep

Penn Tables

https://www.rug.nl/ggdc/productivity/pwt/

Sectoral GDP data is also available. The national Central Bank in its yearly reports compiles production
data for some of the most important goods in the Congolese economy — seven minerals, export production
of seven crops, four manufacturing goods, water and electricity production — and statistics of sectoral
composition of national gross production, from 2008 to 2017. The Structural Change Database of the UN
University contains intermittent sectoral GDP data for nine sectors for the period 1950–2016, although the
figures of the most recent years call into question the soundness of the data. The state of the regional GDP
data is in-between the general and sectoral GDP. The Central Bank does not produce regional estimates
of GDP, or at least does not publish them on its website, but the agency Congo Business made available a
GDP sectoral series for some provinces, with a reasonable level of disaggregation.
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Table 2.4 Sources of sectoral and regional GDP series for the DRC
DRC Central Bank yearly
compilations

http://www.bcc.cd/downloads/pub/rapann/rapport_annuel_2017.pdf (2017)

Structural Change Database of
the UN University

https://www.merit.unu.edu/themes/3-economic-development-innovationgovernance-and-institutions/structural-change-database-1950-2016/

Congo Business’s GDP sectoral
for some provinces

http://www.congobusinessrdc.org/Chiffres-Cles.php?valeur=Plans%20
quinquinaux

http://www.bcc.cd/downloads/pub/rapann/rapport_annuel_2018.pdf (2018)

Another key variable is the exchange rate. There are two reasons for this: 1) at the microeconomic level, in
a country where a considerable portion of the goods bought are imported, the exchange rate affects the
purchasing power of the nationals, and 2) at the macroeconomic level, it affects the level of income the
national economy receives from its exports. The Central Bank, the IMF, the World Bank (WB) and the Penn
Tables also have a long-lasting time series of this variable (see the links in the tables above).
The inflation rate affects both the households’ purchasing power and the nation’s export competitiveness.
The Central Bank, IMF, WB and the Penn Tables all provide good information on the exchange rate. In
addition, efforts have been made to produce territorialised data. On the one hand, the Central Bank
publishes a series of price indexes for the main cities of the country (in 2019, Kinshasa, Lubumbashi,
Goma, Bukavu, Kisangani, Bandundu, Kananga, Mbuji-Mayi, Kindu, Matadi and Mbandaka) with a very
high level of detail, in their monthly Condensé d’information statistiques. On the other hand, the CAID
carries out monthly follow-ups to the prices of basic food products in a selected number of Territories
(politico-administrative units in the DRC). In 2016, the sample of territories was 89 out of 145. In 2019, it
was enlarged to 115 (see the mKengela initiative above).
Table 2.5 Sources of inflation for the DRC
DRC Central Bank’s monthly Condensé d’information
statistiques

2.2.3.2

http://www.bcc.cd/index.php?option=com_
content&view=category&id=59&Itemid=91

Business activity

As stated before, the country has yet to conduct a census of businesses. Likewise, general and periodic
databases of the amount and the location of companies across the country are not easily accessible,
although we have learned about some datasets with limited access that may be useful. The Guichet
Unique, a government agency that centralises the process of company creation, produces statistics of
companies and establishments created in the country from 2013 to date, although it does give account
for the stock, the location and the type of firms created. The Agence Nationale pour la Promotion des
Investissements (ANAPI) published figures from the Guichet Unique from 2013 to 2017, which may imply
that they have privileged access to them.
At the other end of the spectrum, the Federation des Entreprises du Congo (FEC) makes public its 2010–
2011 data, which includes a list of the companies affiliated to it. The list is available for 11 provinces
(Kinshasa, Bandundu, Bas-Congo, Equateur, Kasaï-Occidental, Kasaï-Oriental, Katanga, Maniema,
Nord-Kivu, Orientale and Sud-Kivu) and is divided by sector (agriculture, livestock and fishing; trade;
construction; energy; finance and banking; hydrocarbon; mines; services; transport; industry and wood;
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telecommunication; transport; and others). The representativeness of the database is an issue, though.
Jeune Africa (2010) describes the FEC as a selective club since the entry contributions vary from 1 000 to
15 000 USD, depending on the size of the business.
Table 2.6 Sources of entrepreneurial composition of the DRC
Guichet Unique’s enterprises directory

https://guichetunique.cd/dev/pdf/docs/Statistiques_1555080942.pdf

Agence Nationale pour la Promotion des
Investissements published companies’
figures

https://www.investindrc.cd/fr/generalites-sur-la-rdc/environnementeconomique-des-investissements/statistiques-des-entreprisescreees?task=document.viewdoc&id=245

Federation des Entreprises du Congo’s
Annuary (yearbook)

https://www.fec-rdc.com/index.php/nos-publications/category/6annuaire

CAID’s list of the main economic
activities by geographic unit

https://www.caid.cd/index.php/donnees-par-province-administrative/
for the Territories, and https://www.caid.cd/index.php/donnees-parvilles for the Villes. In each profile, see option “Situation économique”.

2.2.3.3

Informal activity

Besides not being updated systematically, lists of business activity tend to overlook informal enterprises.
According the Observatoire de l’Economie Informelleen RDC, informal activity includes: “1) subsistence
activities, ensuring the family’s daily survival in a context of insufficient or no formal income; 2) small market
production carried out by micro-enterprises; and 3) activities of a significant order of magnitude remaining
hidden, for reasons of tax evasion or to conceal their criminal origin” (2019). Professor Shomba Kinyamba
Sylvain, director of the Chaire de Dynamique Sociale, establishes that approximately 80 % of the Congolese
economy is informal (Enabel, 2017), a figure that matches the estimation of the KPMG Company (2018)
and of the Observatoire de l’Economie Informelleen RDC, which establishes more precisely that more than
80 % of the active population is employed in the subsistence informal sector, whose activity represents only
20 % of national production (2019).
Business surveys are better at capturing this side of the economy, and can contain rich information at the
firm level. In our search, we found three business surveys conducted in the country: the business surveys
of the World Bank; a survey to informal employees and workers in Kinshasa done by the Observatoire de
l’Economie Informelleen DRC, and the chapter on businesses and informal business of the 2005 1-2-3
National Household Surveys.
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Enterprise Surveys Microdata
Author:World Bank
Data type:Stata dataset
Last updated:2013
Geographical coverage:four main cities: Kinshasa, Kisangani, Lubumbashi and Matadi
Data website:https://microdata.worldbank.org/index.php/catalog/enterprise_surveys/#_
r=&collection=&country=52&dtype=&from=1890&page=1&ps=&sid=&sk=&sort_
by=nation&sort_order=&to=2019&topic=&view=s&vk=
Methodology link:link above
Availability:readily available to download

The Enterprise Surveys Microdata of the World Bank has three waves of business surveys: 2006, 2010 and
2013. The data files are available to download on the website after registration. The 2006 survey contains
data from 340 companies located in four cities (Kinshasa, Kisangani, Lubumbashi and Matadi), distributed
in three sectors and 14 subsectors (manufacturing 9 subsectors; retail + IT 2 subsectors, and residual
3 subsectors). In addition, the survey includes questions that allow linking the company size (number of
employees, estimated sales in 2002 and 2005) to their electricity consumption (expenses in electricity, if the
company owns a power generator, % of electricity obtained from it, amongst others less related but that
may still be useful).

Survey on informal economy in Kinshasa
Author:Observatoire de l’économie Informelleen RDC
Data type:Stata dataset
Last updated:2017
Geographical coverage:Kinshasa: 350 individuals between informal workers and informal
entrepreneurs
Data website:https://hiva.kuleuven.be/en/research/theme/globaldevelopment/p/
ObservatoireDRC/enquetesetudes/kinshasa
Methodology link:link above
Availability:readily available to download

The survey on the informal economy in Kinshasa of the Observatoire de l’économie Informelleen RDC is
another valuable source. This observatory is an initiative of the Chaire de Dynamique Sociale (CDSUNIKIN),
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with the conceptual collaboration of the Research Institute for Work and Society (HIVA) of the KU Leuven.
The sample of this survey included both informal employees and entrepreneurs selected from economic
sectors that, according to the authors, are representative of the informal economy in the city.
Table 2.7 Sample of Observatoire de l’économie Informelle en RDC’s Kinshasa informal economy
survey
Economic sector

Economic subsector

Agri-food sector

Market gardening
(maraîchage)

30

Chikwangue preparation

19

Food stalls

Transport

Manual labour
Total

Entrepreneurs

4

Employees
21

Total
51
19

56

53

Domestic work

60

Motorcycle-taxi

25

15

40

Rickshaw

24

15

39

81

81

188

350

Metalworkers
162

67

Surveys for employees and entrepreneurs include the same categories of questions: characteristics of
staff and family members; employment and working conditions; labour relations; working circumstances;
membership of unions; quality of life; amongst others. Perhaps the most relevant to this study are those
related to income. One of the findings of the survey is that:
“ The salary only exceeds 60 000 Congolese Francs for 28 % of the employees. The average
for all employees is 62 475 FC, but variations appear around the subsectors: average salary
of 103 000 FC among bikers; 75 630 at the manufacturers of Chikwange; 60 000 in the
pushers of carts; 53 000 in domestic work; 43 900 in market gardening and, finally, 41 250
in makeshift restaurants.
The average salary in our sample is 62 400 FC or 50 American Dollars per month. In
women, the average is 56 000 FC, in men at 68 400 FC. This difference corresponds with
the differences in salary between the sectors, i.e. transport as a male sector, agrifood with a
female majority” (Pollet et al., 2017, pp. 11–12).
Also relevant is the question of the risk faced by entrepreneurs. The incidence of electric outages was one
of these risks. Despite the relatively high rate of surveys that said this was an issue (53.2 %), the researchers
warn that, of the three sectors selected for this survey, “apart from the agrifood sector (snacks, cold drinks,
music), there is little or no direct relationship between electricity and targeted economic activities (transport,
metalwork crafts)”. It may be obvious that the previous analysis highlights that different informal economic
activities have different energy demands, but that, in general, energy demand in the informal economy
may be relatively small. This hypothesis can be evaluated using information from the other surveys.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

54

1-2-3 National Household Surveys (2012) — Chapter on Employment, the
Informal Sector and Household Living Conditions
Author:DRC National Institute of Statistics in cooperation with multiple international partners
Data type:Stata dataset
Last updated:2012
Geographical coverage:national: a sample of 3.4 million informal production units
Data website:https://www.uantwerpen.be/en/projects/great-lakes-africa-centre/nationaldatasets-livelihoods-drc/national-household-s/
Methodology link:link above and Marivoet, et al. (2019)
Availability:readily available to download

The 1-2-3 Survey contains a special chapter for companies and informal enterprises. The survey interviewed
3.4 million informal production units in all the urban centres of the DRC. Some results from the survey include:
■

■

■

■

“Two out of three production units are in the trade sector.
62.9 % of the units in commerce are headed by women who occupy 64.2 % of jobs in
this sector (55 % of jobs in the informal sector in total).
Precarious working conditions: 56.4 % of production units have no specific professional
premises and 37.4 % are practiced at home; more than 96 % of employees do not have
written contracts. Only 6.9 % are salaried. On the other hand, the service is considerable,
at an average of 52 hours per week, for an average monthly remuneration of 62 740
CDF (around 65 USD).
Atomic nature: 82.3 % of production units are reduced to one person” (Pollet et al.,
2017, p. 9).

Further revision is needed to verify the information in this survey about electricity consumption habits
among informal productive units, but the results shown above indicate, again, that the electricity needs in
the subsector are not substantial.
Finally, in 2016, the CAID collected information on the number of enterprises by Territory. Although figures
were available for all the Territories, which generally is a sign of the quality of the data, it is concerning
that many Territories appear to have no enterprises for sectors that have a demonstrated presence in those
Territories. Moreover, the amount of enterprises in the Cities, another politico-administrative unit in the DRC
that corresponds to the biggest agglomerations in the country, is absent. Regardless, the CAID also makes
available very rich qualitative descriptions of the economic fabric of the Territories and some of the Cities
of the DRC. These descriptions include, at the least, a list of the main economic activities in the territorial
units18 and, in some cases, a list of the main enterprises and brief account of their economic activities.
Potentially, this information could translate into a powerful input if there is a way to process it rapidly.

18

In some cases, each economic activity is accompanied by percentages that add up to 100 %. It is not clear what that 100 %
refers to, whether it is employment, production, or something else.
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CAID’s list of the main economic activities by
geographic unit

https://www.caid.cd/index.php/donnees-par-secteurde-developpement/economie-et-marche/

Rapport de Prévision de la Demande (ESSOR) — Bumba, Gemena and
Isiro
Author:ESSOR
Data type:Three reports
Last updated:June 2018
Geographical coverage:three mid-scale cities: Bumba, Gemena and Isiro
Data website:not available
Methodology link:included in the report
Availability:confidential, but can be available on request

ESSOR has carried out studies to forecast energy demand in three cities of the DRC, namely Bumba, Isiro
and Gemena. This research was conducted to serve as a technical and pre-feasibility study of the demand
for three mini off-grid solar networks with the aim of promoting the private sector.
Demand forecasts were made by simulating demand over a period of 20 years (2021–2040), using data
from surveys carried out on the three cities and socioeconomic data found in the institutions (Regideso,
local state service). These simulations are presented as follows:
■

■

■

A reference model (continuous supply of electricity 24/24), based on realistic assumptions
of growth in consumption
A reference model based on a scenario with electricity supply 16 hours a day (from 08h00
to midnight)
An optimistic model (continuous supply of electricity 24/24), characterised by a socioeconomic
context carried by a strong economic dynamism.

This data from the ESSOR surveys can be useful to us in forecasting future demand in the model for the
three cities, but also for making daily energy use scenarios.

2.2.3.4

Sectoral demand

This section looks at the data for productive factors, focusing on sectors and not on companies.
Cement
Cement companies in the DRC are large energy consumers. An increase in cement companies is expected
as a result of the Inga 3 hydroelectric project, the construction of which would have added considerably to
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the demand for cement in the DRC. It was beneficial for the cement companies to be able to set up and
supply their products locally. At least 16 cement plant construction projects exist in Kongo Central, including
Kasangulu, Songololo and Matadi.
According to the Central Bank of Congo’s information bulletin, the DRC produced more than 530 000
tonnes of cement between January and June 2018. This represents roughly 44 % of the overall production
capacity of cement companies, according to the BCC report.
With regard to existing businesses, we note the following in the provinces of:
■

Kongo Central: CILU, PPC, CIMCO, CINAT

■

Kasaï: Katende cement project

■

Tshopo: Cimasat installation works.

Breweries
There is a total of three large brewing companies in the DRC, two of which are based in Kinshasa (Bracongo
and Bralima) and one in the province of Katanga (Brassimba). These breweries produce beer 24 hours
a day and need energy all the time. One of the biggest hurdles facing their businesses, however, is the
supply of electricity. This is a major obstacle that significantly affects the production of these companies,
and also impacts the economy of the country and the price of this product on the market. It is true that, for
the moment, we have not yet gathered data on the energy demand of brewing companies, but we hope to
obtain it through these institutions or through SNEL.
Bread production
The list of bread companies in the DRC is wide. Almost every province has a pastry shop. However, we do
not have the exhaustive list of companies, or data on their energy demand. At this point the only relevance
is that most bakers operate in the informal sector.
Mining
RM has access to privileged information concerning the electricity demand of over 50 mining companies
in the country, from 2000–2014 in some cases, as well as forecasts of mining sector demand for the next
decade. If we cross-reference this with official statistics on production and data on mineral processing, it
will be possible to estimate a relationship between mining production and energy demand, which will be
useful in extrapolating to places where there is no information about energy consumption.
Agriculture
Regarding agricultural production, the Territories’ and Cities’ profiles elaborated on by the CAID contain
a qualitative description of the state of agricultural production in the majority of territorial units, which in
some cases includes a list of the main crops harvested. Moreover, it also lists the profit rate of different
agricultural crops in the region’s cultivation, although it is not very clear how this profit rate was calculated.
The information available in the CAID was produced in collaboration with the World Food Programme,
which may be able to supply additional useful data.
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2.2.4

Public facilities

Health
According to the Ministère de la Santé Publique (2010), the Ministry is organised into three levels, i.e. the
central level, the intermediate or provincial level, and the peripheral level. The intermediate level comprises
11 Provincial Health Inspections and 65 Health Districts and Provincial Hospitals.
The peripheral level theoretically includes the Health Zones and the Health Areas. A Health Zone is a welldefined geographical area contained within the limits of a Territory or a commune comprising a population
of around 50 000–100 000 people in rural areas, and from 100 000 to 250 000 people in urban areas. The
compulsory health structures of the Health Zone are the Health Centre and the General Reference Hospital
(CAID, n.d.). In 2010 there were 515 Health Zones with 393 General Reference Hospitals (Ministère de
la Santé Publique, 2010). The Health Area level is responsible for implementing the primary health care
strategy under the supervision and guidance of the intermediate level. In 2010, there were 8 504 planned
Health Areas (AS, of which 8 266 have a Health Centre.
According to the Ecole de Santé Publique de Kinshasa (ESPK) (2019), the statistics are presented as follows:
516 Health Zones with 393 General Reference Hospitals (HGR offering a complementary activity package)
and 8 504 planned Health Areas (AS) of which 8 266 have a Centre of Health (CS offering the ‘minimum
activity package’).
The Système National d’Information Sanitaire (SNIS) of the DRC’s Ministry of Health has perhaps the best
statistical data of health sites for the entire country, but its data is not available to the public. The health
centre dataset of the United Nations Office for the Coordination of Humanitarian Affairs (OCHA) has a
total of 1 086 Health Centres, extracted from OpenStreetMap. The database is not exhaustive, but it is a
start. OpenStreetMap’s information may have new additions as it is updated daily by its multiple users
across the world. For this same reason, a work of validation is needed. Finally, the CAID has data on
private health centres, health centres, hospitals and health personnel by Territory.
Education
According to the report of the Ministry of Primary, Secondary and Vocational Education taken up by the INS
in 2015, the DRC has 48 147 primary, secondary and vocational education establishments. The datasets
of OCHA report 3 972 schools for the entire country. The original source of this number is OpenStreetMap.
Water facilities
Régideso (Régie de distribution de l’eau) and the National Electricity Company (SNEL) work closely with
each other in production. According to a report published in 2014 by UNICEF (https://www.radiookapi.
net), more than 30 million people do not have access to drinking water in the DRC. Régideso mainly
justifies this is the lack of electricity. In a demand forecast study by Essor from DFID, 400 W per 1 000
people is the power required to pump water (Essor, 2018). Extrapolating this power based on demography
can allow us to estimate the amount of energy required by Régideso.
Urban facilities
Studies describing urban facilities of particular cities could qualify as another source of public facilities
data. For instance, in 2013 the Word Bank realised an appraisal of the Urban Development Project
geared to improve the conditions of urban facilities in selected cities. The selection criteria were “to be the
provincial capital or a principal city, have between 100 000 and 1 million inhabitants (since these are the
cities experiencing the most rapid population increases), be accessible to establish work sites and allow
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supervision, represent an important economic potential in connection with the hinterland, have previous
experience in community participation, and represent continuity with previous and ongoing investments”
(World Bank, 2013, p. 8).
Six cities were selected: Bukavu, Kalemie, Kikwit, Kindu, Matadi and Mbandaka, with an aggregate
population of about 2 million. For each city, the World Bank conducted a brief study of some key urban
characteristics, using data taken from urban, financial and organisational audits of each city. Here is an
excerpt from Bukavu’s:
“ The city’s main infrastructure is composed of: 135 kilometres of urban roads, of which 3
kilometres in concrete, 63 kilometres asphalted (22 kilometres being rehabilitated), the rest
in earth; 1 central market and 8 neighbourhood markets; 6 industrial production facilities
(breweries, plastics and quinine extraction); 2 naval yards. 5 banks; 20 institutions of higher
learning; 37 state primary schools and 211 other primary schools (private and religious); 28
state secondary schools, 123 others.” (World Bank, 2013, p. 87)
Replicating this exercise for a larger selection of agglomerations — not only medium to big cities — could
be an option. Another option could be inferring ratios between the population and the number of facilities,
and using them to estimate the number of establishments in other places based on the type of activities that
are likely to be found.

2.3 Supply: energy resources
If population, businesses and public facilities, along with their respective electricity consumption, constitute
the demand side of our model, then energy resources are the main component of the supply side. This section
details the existing data on energy resources with which the demand identified previously could be satisfied.

2.3.1

Solar energy

Solar energy is an emerging and promising energy source. According to the World Bank, as deployment
costs decrease, and governments are getting better at securing the necessary funding, solar energy is
becoming a leading power source globally, with developing countries already representing more than half
of global solar power generation (World Bank, 2017). Besides being clean and renewable, solar energy
provides some other advantages relevant in the Congolese context. For instance, generally its deployment
is cheaper than the extension of the electricity grid, which makes it more suitable for electricity provision in
remote areas. In addition, it does not require much additional space since solar panels can be installed on
the rooftops of houses, and the maintenance of the panes is increasingly more affordable. However, there
are some cons as well. Amongst the most important are its high installation and energy storage costs, the
fact that waste panels can also pose serious risks of soil pollution, and that energy production is affected
by sun availability and air pollution (Conserve Energy Future, 2015). The following diagram by Sindhu, et
al. (2017), to demonstrate the strengths, weaknesses, opportunities and challenges for solar electricity in
India, also applies to the DRC.
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Strengths

Weaknesses

High solar potential in North and South of DRC
(Kusakana, 2016)

Variable resource (daily and seasonally)

Environmentally friendly technology

Large upfront cost of investment

Zero fuel costs and low-maintenance costs

Ecological impacts of the solar energy such as
recycling needs of used panels

Suitable for rural and remote areas

Lower resource potential in central DRC

Reduces carbon emissions and noise pollution
compared to diesel

Needs sufficient available land or roof space

Opportunities

Challenges

Employment opportunities in installation, operation
and system sales

Poor financing systems and complex administrative
procedures

Improvement in quality of life

Lack of social acceptability and trust in technology

Application in many sectors using locally available
resources

Import tax on solar panels

Opportunity to fulfil national energy demands

Local manufacturing currently unlikely to happen soon
in the DRC

Reduction of dependency on conventional energy
sources
Source: Sindhu et al., 2017, p. 1 145

Global Solar Atlas
Author:World Bank, ESMAP and SolarGIS
Data type:raster
Last updated:2020
Geographical coverage:global
Data website:https://globalsolaratlas.info/
Methodology link:https://solargis2-web-assets.s3.eu-west-1.amazonaws.com/public/
publication/2015/b9250e6826/Betak-et-al-ZP2015-49-1-Solar-Resource-Key-Informationfor-Solar-Energy-Industry.pdf
Availability:readily available to download

The Global Solar Atlas is the best freely available solar resource dataset to date. The main inputs used as
estimates are (1) solar irradiation, measuring the total amount of sunshine in an area, (2) local geography,
potentially shading mountains/hills etc. and (3) the local climate, such as temperature, clouds and wind.
Together these can be used to determine the expected solar performance in an area. The dataset relies on
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two measurements: meteorological ground instruments, and solar radiation models based on satellite and
atmospheric data (Beták et al., 2015, p. 15).
The inputs and calculations were utilised to estimate the amount of solar radiation that comes into contact
with the land surface, as follows: firstly, a model calculates the clear-sky irradiance in the atmosphere,
i.e. assuming the absence of clouds. The variables considered were the altitude, and the concentration
of particles, vapour content and ozone in the atmosphere. Then, a cloud index is determined to infer the
attenuation effect of clouds. Both models are combined to retrieve the all-sky irradiance values. These
values are corrected for shading effects from the surrounding terrain and meteorological parameters,
such as air temperature, wind speed, wind direction, relative humidity, and other parameters important to
estimate the effectiveness of the solar panels (Solargis, 2020).
The final result of this process is a set of 250×250 m resolution layers of global coverage of the following
variables: PVOUT (photovoltaic power potential), GHI (global horizontal irradiation), DIF (diffuse horizontal
irradiance), GTI (global irradiation for optimally tilted surface), OPTA (optimum tilt of PV module to maximise
the yearly yield), DNI (direct normal irradiation), TEMP (air temperature at 2 metres above ground level in °C),
and ELE (terrain elevation above sea level in metres). Map 2.6 shows the direct normal irradiation in the DRC.

Map 2.6 Average annual solar energy production in the DRC at 250 m resolution
Source: Global Solar Atlas, 2020

2.3.2

Wind energy

According to the International Renewable Energy Agency (IRENA), wind power has become one of the
fastest-growing renewable energy technologies, growing almost 75 times in the past two decades, from
7.5 gigawatts (GW) in 1997 to some 564 GW by 2018 (IRENA, 2018).
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Global Wind Atlas
Author:World Bank and the Technical University of Denmark (DTU)
Data type:raster
Last updated:2019
Geographical coverage:global
Data website:https://globalwindatlas.info/
Methodology link:https://globalwindatlas.info/about/method
http://science.globalwindatlas.info/methods.html#header
https://www.energiteknologi.dk/sites/energiteknologi.dk/files/slutrapporter/gwa_640110347_finalreport.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/112135732/European_Wind_Atlas.pdf
Availability:readily available to download

The Global Wind Atlas is the best freely available wind resource dataset to date. To determine wind
energy potential, there are three parameters of main importance — wind speed, air density and swept
area (OpenEI, n.d.) — which are developed using two approaches: a top-down approach, i.e. creating
simulations of wind speed for large areas at low resolution and then moving to higher resolutions within
specific geographical bounds, and a bottom-up approach, i.e. based completely on wind measurements
from several specific sites (Papadopoulos, 2018). The Global Wind Atlas follows a top-down approach,
considering that a bottom-up approach is restricted for areas with numerous wind data collectors, and
that wind speed measurements are only representative of a limited area around the data collection point.
This, as “the wind speed measured at a meteorological station is determined mainly by two factors: the
overall weather systems, which usually have an extent of several hundred kilometres, [but also] the nearby
topography out to a few tens of kilometres from the station” (Troen & Petersen, 1989, p. 15).
The Global Wind Atlas starts from a large scale provided by meteorological centres around the world, which
is later transformed into a regional wind climatology grid with spacing of about 50 km (Badger et al., 2015)
using the generalisation method set out in The European Wind Atlas of 1989 (DTU Wind Energy, 2018).
This considers the surface conditions, variations in the height of the ground around a given meteorological
station, and the presence of sheltering effects due to buildings and other obstacles (Troen & Petersen, 1989,
p. 16). The regional wind climates are used as input to produce site-specific wind climates using the wind
energy industry-standard (Wind Atlas Analysis and Application Program or WAsP) software19. The software
calculates the local wind climates every 250 m at three heights: 50 m, 100 m and 200 m. Lastly, local wind
climate characteristics are aggregated up to a 1 km grid (DTU Wind Energy, 2018). The final product of
this process can be seen in Map 2.7 below.

19

See https://www.wasp.dk/
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Map 2.7 Wind speed map of the DRC at 250 m resolution
Source: Global Wind Atlas, 2020

2.3.3

Hydroelectric resource potential

The DRC has a strong potential for hydroelectric power generation. Using the force of the Congo River,
the world’s second-largest river in terms of flow, the estimated hydroelectric potential is of 100 000 MW,
amongst the highest in Africa (Odhiambo, 2014; Kusakana, 2016). Consequently, hydroelectric sources
are the main generators of electricity in the country. According to World Bank figures, in 2015 most
electricity supply across the country relied on hydropower as a source20. However, a large portion of this
potential is currently untapped: “In 2003, for example, the DRC had a total generating capacity of about
2 568 MW. However, only about 600–700 MW were produced.” As a result, the access to electricity in the
country is below 20 %21 and access to energy is dominated by wood and biomass energy consumption
(Odhiambo, 2014, p. 190): “93.6 % of the country is highly dependent on wood fuel as the main source of
energy,” estimates Kusakana (2016, p. 1).

20

See https://data.worldbank.org/indicator/EG.ELC.HYRO.ZS?locations=CD.

21

It is difficult to determine an exact figure for this indicator. The World Bank, in its development indicators, establishes it at 19 %
for 2019 (see https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=CD), while the International Energy Agency
puts it at 8.7 % in 2018 (see https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity).
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Resource Matters Hydroelectric Energy Database
Author:Resource Matters
Data type:point data
Last updated:2018
Geographical coverage:DRC
Data website:http://resourcematters.org/
Methodology link:https://resourcematters.org/wp-content/uploads/2019/06/RM-Noteme%CC%81thodologique-et-recommandations-Cartographie-Energie-RDC-2018-09-10.pdf
Availability:readily available to download

Intending to contribute to the realisation of the hydropower potential in the country, Resource Matters
compiled and compared information available in over 20 sources concerning hydroelectric sites in the
country. After verification, the database and its accompanying map were made publicly available in 2018.
The compilation includes 1 206 sites, of which 639 are projected and 377 are existing; the state of the
remaining 190 is unknown. The bulk of the sites reviewed are powered by hydro sources (1 027) but sites
generating other types of energy (gas, wind, solar, etc.) encountered in the review were also included in the
database. A summary of the findings is depicted in Table 2.8.
Table 2.8 Summary of hydro sites in Resource Matters’ dataset
Existing
Biomass

Unknown

Projected

Total

1

1

20

20

Gas power plant

1

1

Wind turbine

1

1

Cabin

Gas

1

1

Biomass-solar hybrid

1

1

Biomass-thermal hybrid

1

1

Solar-wind hybrid

1

1

Ruthen’s hydro
Hydroelectric

2
238

Unknown
Electric post

1

Solar

6

Photovoltaic solar

4

2

160

629

1 027

6

1

7
1

3

9
2

6

Thermal

103

19

5

127

TOTAL

377

190

639

1 206

Source: Authors
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Unfortunately, not all these sites have sufficiently detailed and/or accurate data. Of the 1 206 sites, only
655 sites had coordinates and, among the latter, the location of 213 presented contradictions or could not
be found on Google Satellite. For example, many hydroelectric sites were located far from any potential
watercourse. In total, 545 were mapped out: 36 existing thermal power plants, 4 planned thermal power
plants, 108 existing hydroelectric power plants and 397 planned hydroelectric power plants.
Recently, Resource Matters has found new information from three sources not yet included in the launched
version of its database. One is a document from the DRC’s Ituri province’s Ministry of Mines, which
contains the coordinates, the flow and the hydropower of 20 sites of potential hydro plants; another six sites
contain all of the previous data except for coordinates.
The second source is the Unit of Project Coordination and Management of the Ministry of Energy of the
DRC (UCM). Some rich databases can be found in the terms of reference for two consultancies that were
recently recruited. In the one instance, the agency was recruiting a consultant to realise pre-feasibility
studies for potential sites in the vicinity of nine capitals of provinces and 66 other urban agglomerations.
The other searched for a consultant to support the creation of a National Low-Cost Electrification Plan by
2040, accompanied by an implementation strategy and an investment prospectus for the first five years.
Eighty-three sites were listed in both documents, of which 74 have coordinates.
The third source is the study produced by the Nile Basin Discourse (NBD) to produce a “report on key advocacy
issues relating to the project intending to build and upgrade (1) the Uganda-Rwanda interconnection,
(2) the Kenya-Uganda interconnection and, most importantly both in the frame of this model and in the
NBD project, (3) the upgrading of the Burundi, DRC and Rwanda interconnection. Amongst the annexes
of this document is a list of 64 potential hydropower sites in the provinces alongside the Burundi, DRC
and Rwanda interconnection: 15 in the Rutshuru province, 37 in the Lubero province and 12 in the Beni
province. Data on the sites include potential power and urban agglomeration to be covered and, in some
cases, the head height and the flow speed. The coordinates are not available.

KTH Small-Scale Hydropower Potential Sites
Author:Division of Energy System Analysis of KTH Royal Institute of Technology
Data type:point data
Last updated:2019
Geographical coverage:DRC
Data website:https://energydata.info/dataset/small-and-mini-hydropower-potential-in-subsaharan-africa
Methodology link:https://www.mdpi.com/1996-1073/11/11/3100
Availability:readily available to download

Another important source of data is the technical assessment carried out by a research team led by
the Division of Energy System Analysis of KTH Royal Institute of Technology. This was to determine
geographic points with the potential to develop run-off-river hydroelectric plants (i.e. power by the natural
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flow and elevation drop of a river, without using dams) with a small-scale (0.1 to 10 MW) hydropower
potential in sub-Saharan Africa. These are deployed faster than dams and are quite common for smallscale applications. The methodology used to derive this database has the four main steps described below
(Korkovelos, 2018):
1. Input GIS Data: estimation of the average water discharge from the river streams by
combining elevation data and precipitation data. This, and the UE’s dataset of average
discharge, were contrasted against actual data from gauged stations. The result obtained
is that the estimated layer is more accurate for smaller discharge values than the UE’s, thus
more representative for smaller flow rivers and more useful to the goal of the research.
2. Calculation of the hydropower potential in each location: from the layer above, the
hydropower potential was estimated using the following: water density, gravitational
acceleration, turbine efficiency, generator efficiency, a conversion factor accounting for
environmental flow deduction, discharge, and the elevation difference between a given
point and the nearest upstream point.
3. Selection process of suitable sites based on technical and topological criteria: this
involves the exclusion of points in places with the following characteristics:
X
X

Inland water, as they have a limited flow.
Agricultural zones, as water regulation of hydropower plants may affect agricultural
practices in the vicinity.

X

Urban built-up areas, to avoid technical, economic and social constraints.

X

Barren land, as arid land may be unsuitable for hydropower deployment.

X

Stream order smaller than three, to ensure a sufficient amount of water flow at the
hydro plant location (see image below).

Source: Wikipedia

Other sources
Finally, it is worth mentioning the work of the Belgian engineering company SHER, a company hired as
a consultant in a project led by the World Bank and the UCM, whose first phase consists of mapping
the energy potential — notably hydroelectric and solar — of the DRC. For the hydropower potential in
particular, the company is currently working on an estimate of sites with more than 2 MW potential. This
phase is expected to finish by March 2020. Subsequently, five provinces that have the potential to meet a
viable demand will be selected for a more in-depth analysis, which will include the geological feasibility to
build hydro plants. The outputs of this initiative will be open-access.
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Besides being an eventual source of data, SHER is already collaborating with Resource Matters in the cleaning of
the latter’s database. The Resource Matter’s database was a primary input for SHER and, as such, the company
is conducting a thorough revision of the database, in the process signalling any inconsistency it may find.

2.3.4

Bioenergy

In the DRC, biomass is an important source of renewable energy that should not be ignored. However, data
in this matter is scarce. More importantly, because there are many sources of biomass — such as palm oil
and cassava — some fundamental issues should be dealt with before including biomass in the model as an
energy source. For example, it has the alternative use of feeding the population, and its usefulness to power
electricity systems is highly sensitive to distance (e.g. it could be suitable for a village 1 km away from the
source, but not for one 10 km away).
As an energy source in the model, biomass could be used to replace diesel, for example, but not in a
spatially disaggregated way. Our academic partners KTH and RLI have been making some progress in the
latter subject. RLI has some ideas for encouraging mixed mini-grids (generators plus photovoltaic units)
fuelled completely by renewable sources. UCT also has a research team focused on the trade-off between
renewable energy and sustainability, which could provide useful insights in this matter.

2.4 Transport and energy infrastructure
Besides the demand and availability of energy sources, costs are another variable used in determining
the best electrification solution for a given place. Electricity provision entails at least three types of costs:
1) transforming the raw energy, 2) taking it from its place of origin to the places of demand, and 3) accessing
the places to build the facilities needed to transform and transport the energy. This section deals with the
three components, starting with the latter.

2.4.1

Transportation infrastructure

The quality and availability of a transportation infrastructure can make a big difference to the cost of transporting
materials and fuels. Road infrastructure in the DRC is limited. According to UNJLC (2006), railroads and
highways are virtually non-existent between the main urban centres; in general, road and rail infrastructure
“is dilapidated and the rail network has fallen into disuse” (PwC, n.d., p. 34), even though some progress
has been made on specific segments since then. As Table 2.9 illustrates, the state of the road infrastructure
in the country, even in comparison to other low-income nations, is underwhelming. In 2011, the World Bank
estimated that the DRC needed to carry out investments of the order of $5.3 billion a year over the next decade
to catch up with the rest of the developing world. This sum would amount roughly 75 percent of its 2006 GDP.
Table 2.9 Infrastructure indicators in the DRC
Indicator

Units

Low-Income Country Average

DRC

Paved road density

km/1 000 km2 of land

16

1

Unpaved road density

km/1 000 km2 of land

68

14

Paved road traffic

Average daily traffic

1 028

257

Unpaved road traffic

Average daily traffic

55

20

Perceived transport quality

% firms identifying as
major business constraint

23

30

Source: Ali et al., 2015, p. 3
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There are several reasons for this situation. Firstly, the DRC’s “vast geography, low population density,
extensive forests, and crisscrossing rivers complicate the development of infrastructure networks,” write
Foster & Benitez (2011, p. iv). Secondly, the deliberate abandonment of the road network by the former
president Mobutu Sese Seko, especially in the 1980s and 1990s to hamper collective mobilisation against
his regime, and the two Congo Wars between 1997 and 2003, which “further destroyed much of what
was left of the material infrastructure of the country” (Schouten, 2013, p. 568), also contributed to the poor
state of the road network.
Historical reasons also determine the current state of the roads. The Congolese transportation infrastructure
was developed in the colonial times with the aim of speeding up the export of raw materials (mainly
rubber, ivory, minerals and timber), which explains the lack of road networks interconnecting national
territory (Damania, et al., 2016, p. 21). Indeed, the roads linking the three main urban and economic
poles — Kinshasa in the southwest, Lubumbashi in the southeast and Kisangani in the northeast — are of
poor quality (World Bank, 2011). In 2006, “only a few roads, mainly from the Port of Matadi to Kinshasa
and in Southern Katanga (Lubumbashi-Kipushi-Likasi) remain in good condition,” stated the United Nations
Joint Logistics Centre (UNJLC).
In Table 2.10, the UNJLC presents the inventory of roads in the country, although these numbers are not
conclusive: while the UNJLC counts 15 000 km of unpaved roads, the World Bank puts this figure “at more
than 30 000 km … with only 42 percent in good or fair condition” (Foster & Benitez, 2011, p. 10). Both
sources situate the number of paved roads around a similar number: 2 250 km in the case of the UNJLC
and less than 3 000 kmfor the World Bank.
Table 2.10 Road network in the DRC
Category of roads

Km

Paved roads

2 250

1.3

Unpaved roads

15 000

8.8

Tracks

43 000

25.1

Country roads

21 000

12.3

Local roads (footpaths)

90 000

52.5

Total

171 250

%

100

Source: UNJLC, 2006, p. 3

On a more positive note, further development of the road network has been a government priority in recent
years. The country has acquired financial commitments from multilateral and bilateral donors, and notably
from China: 40 percent of the Congolese external debt is indebted to the mining-for-infrastructure project
Sicomines (IMF, 2019).
With such a limited road and rail network, the Congo River and the rich system of navigable waterways
constitutes the spine of the country’s transportation. According to PwC (n.d.), approximately two-thirds of
the country moves around using water channels, while UNJLC (2006, p. 2) states that since colonial times
and continuing into the 1970s, roads and trains are secondary to the rivers as a means of transport.
Damania et al. (2016) provide a good snapshot of river-based transportation in the country. According to
the authors, the more than 25 000 km of waterways constitute a cheap transportation means that connects
most of the interior of the country, in some regions replacing the road network altogether. For example,
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“Kisangani, the third largest city, and Mbandaka, the capital of the important province of Equateur, are
connected to the capital, Kinshasa, only by river transport” (p. 21).
“ The exploitation of river and lake transport, which until 1971 was virtually the monopoly of
public enterprises, is now dominated by numerous formal and informal private operators.
The largest port in the country is in Kinshasa, which handles around 2 million tonnes of cargo
per year. For comparison, this single port carries more than triple the volume transported
by the national railway, Société Nationale des Chemins de Fer du Congo (SNCC). River
transport is essential for the development of agriculture, which has become the centre of the
economic development strategy of the Government since it would allow the opening up of
DRC’s immense rural areas.”
However, river-based transportation faces some important bottlenecks, such as the inadequate condition of
bridges and ferries that are used to cross small rivers (UNJLC, 2006). In 2014, the United Nations Office
for Project Services (UNOPS) completed a project by which 11 priority bridges were built. According to
the agency, these bridges were key to containing an Ebola outbreak in the Lokolia population (Tshuapa
province) as they opened access to doctors and medical equipment in the remote areas (UNOPS, 2017).
Railways connect Kinshasa with Kasai and Katanga provinces, but they are slow and highly unreliable
(Damania et al., 2016).
Within this context, information on the transport infrastructure in the DRC should include both roads
and riverways.
The options for road data are discussed below.

Carte du réseau routier de la RDC
Author:Cellule Infrastructures
Data type:line data
Last updated:n.d.
Geographical coverage:DRC
Data website:http://www.celluleinfra.org/index.php/geomatique/webmapping
Methodology:not available
Availability:not available to download or visualise

Cellule Infrastructures (CI), the technical organ of the Ministère des Infrastructures et Travaux Publics, has
a map showing the 59 129 km of General Interest Road Network (national and provincial roads) and the
“agricultural service roads”, which may be equivalent to the local roads, in the country. Unfortunately,
the dataset is not correctly visualised in the web platform and there is no possibility of downloading
the raw data. However, in November 2016, the CAID shared maps that were used as an input to the
Cellule Infrastructures data. These maps mention that the data shown reflects an update completed by the
technicians of the Cellule Infrastructures.
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This link provides an example of the road network in Tshuapa province: https://www.caid.cd/index.php/
cartes-thematiques/?secteurs=infrastructures&theme= asphalte&entite=tshuapa&temps=2.

WebGIS — Interactive map of Katanga
Author:Geology for an economic sustainable development (GECO)
Data type:line data
Last updated:n.d.
Geographical coverage:Katanga province
Data website:http://edit.africamuseum.be/geco_website/geco_webgis/htdocs/geco.html
Methodology:not available
Availability:not available to download or visualise

GECO is a research centre born out of a collaboration between the Royal Belgian Institute of Natural Sciences
(RBINS) and the Royal Museum for Central Africa (RMCA). Its main purpose is to support politicians, citizens
and industries working on the sustainable management of mineral resources. One of the outcomes is the
map mentioned above. The map covers the extent of the old Katanga province (currently the provinces of
Lualaba, Haut-Lomani, Haut-Katanga and Tanganyika), and displays roads differentiated by type (asphalt,
laterite, pist, pathway), railways and airports. The information is not available to download and does not
have national coverage.

Africa Infrastructure Country Diagnostic
Author:World Bank
Data type:line data
Last updated:2006
Geographical coverage:Africa
Data website:not available
Methodology:https://infrastructureafrica.opendataforafrica.org/mhjjmpf/aicd-scope
https://core.ac.uk/download/pdf/6218549.pdf
Availability:not available to download

The Africa Infrastructure Country Diagnostic (AICD) was a programme aimed at improving knowledge
on Africa’s infrastructure. It grew out of the pledge by the G8 Summit of 2005 to increase official
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development assistance (ODA) to Africa, particularly to the infrastructure sector. For the purposes of the
study, “infrastructure” is defined as including the main networks that underpin the economy: air transport,
information and communication technologies (ICT), irrigation, ports, power, railways, roads, sanitation
and water. During the study, World Bank officials were in charge of primary data collection on the abovementioned issues, from 2001 to 2006 in 24 selected African countries, including the DRC.
The results of this initiative were initially available in GIS format, as Foster & Benitez (2011) show in their
study (Figure 2.12 below). At the time, Foster was a World Bank’s Lead Economist for Infrastructure in
Africa. Besides containing GIS data, the AICD dataset “includes quality attributes such as whether the road
is paved or unpaved, the road type (primary, 7 m wide roads; secondary, 6 m wide roads; and tertiary, 5 m
wide roads), and road quality (good; fair; poor)” (Ali et al., 2015, p. 12). Unfortunately, the website that
Foster & Benitez (2011) cited as the host of the GIS data is not running anymore.
Currently, the African Development Bank maintains the Africa Infrastructure Knowledge Program (AIKP), an
initiative that builds on the AICD study. However, despite the expected continuity between both endeavours,
the available AIKP data (https://infrastructureafrica.opendataforafrica.org/apps/gallery) does not seem to
have GIS data amongst its catalogue.

Figure 2.6 Output of the AICD initiative
Source: Foster & Benitez, 2011, p. 12
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Delorme’s African roads dataset
Author:Delorme
Data type:line data
Last updated:n.d.
Geographical coverage:Africa
Data website:not available
Methodology:referenced in http://documents.worldbank.org/curated/
en/810421468000299138/pdf/WPS7273.pdf (p. 12)
Availability:not available

In their study of infrastructure in the DRC, Ali et al. (2015) quote two main sources of information: the
already mentioned AICD, and Delorme. Delorme is a private company “which specialises in GPS devices
and has compiled a very thorough network of georeferenced roads across Africa” (p. 12). In Ali et al.’s study,
Delorme’s data was selected as the primary source “because of its thoroughness; it contains both major
trunk roads, as well as rural roads throughout the country” (p. 12). Unfortunately, the website of Delorme
quoted by Ali et al. (2015) is unavailable and it is not possible to find the company on a web search.

Référentiel Géographique Commun datasets
Author (manager):Cellule Infrastructures and the Institut Géographique Congolais
Data type:line data
Last updated:2017
Geographical coverage:Africa
Data website:https://www.rgc.cd/index.php?option=com_content&view=
category&layout=blog&id=43&Itemid=77 (original source; last updated in 2010)
https://data.humdata.org/dataset/dr-congo-transportation-network (last updated in 2017)
Methodology:not available
Availability:readily available to download

The Référentiel Géographique Commun (RGC) is perhaps the go-to source when it comes to GIS data in the
DRC. This platform stores the GIS data produced by multiple actors working in the country, mostly, but not
only, for humanitarian aid purposes (CI, IGC, Cluster Logistic, MONUSCO, UNMACC, OSFAC, OCHA,
UNOPS, ISCO, etc.), with MONUSCO as the main source. However, an important aspect is that, according
to its managers, the RGC initiative aims to avoid the dispersion of information and the redundancy of
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actions, and to procure compatibility and comparability of information, but it does not guarantee
completeness or precision, as the actors concerned for the most part are not the official producers of
geographic information.
On the topic of infrastructure, the RGC contains the following vector data, which is ready to be downloaded
by following the link in the box above:

Road network
(last updated:
22 June 2010)

Rail network
(last updated:
11 December 2008)

Railway stations
(last updated:
11 December 2008)

Airports
(last updated:
22 September 2010)

• Common name of the
road

• Common name of the
network

• Usual name of the
station

• Usual name of the
airport

• Name of the axis as
defined by the Office
des Routes (ODR)

• Name of the axis as
defined by the SNCC

• Name of the district
in which the station is
located

• Other name found in
the databases

• Category of the road
• Capacity (type of
vehicle)
• Length in kilometres
• State
• Existence of a specific
funding

• Name of the district
in which the railway is
located
• State of the railway
• Type of railway (single
or multiple track)
• Length in kilometres
• Width in metres
• Average speed
• Whether the track is
electrified or not
• Whether there is a
rehabilitation project
for the railway or not

• Presence and category
of the SNCC stockage
• Presence of a central
workshop for diesel or
electric locomotives

• Category of the airport
• Use of the airport
• Covering of the
runway
• Length of track in
metres
• Width of track in
metres
• Altitude of the track in
metres
• Whether the track is
in a good condition
or not

The AICD dataset on riverways has GIS information on ports, although it is not available. The RGC also
makes data available on water-based transportation:
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Navigable portions of
the DRC’s rivers
(last updated:
22 September 2010)

Ports
(last updated:
22 September 2010)

Ferries
(last updated:
22 September 2010)

Bridges
(last updated:
22 September 2010)

• Name of the axis

• Usual name of the
river port

• Usual name of the bridge

• Type of port

• Technical characteristic
of the ferry or type of
vehicle for which it was
designed

• Name of the district
in which the port is
located

• Usual code number of
the ferry, defined by the
Roads Office

• Name of the river crossed
by the bridge

• Total length of the
axis segment in
kilometres
• Category of
anchorage

• Name of the ferry
• Name of the river
crossed
• Whether the ferry is in
a good condition or
not

• Axis of road on which the
bridge is located

• Type of structure or,
otherwise, the type of
vehicle for which it is or
was initially designed
• Longitude in metres
• Width in metres
• Whether the bridge is in a
good condition

A global map of travel time to cities
Author (manager):collaboration between Google, European Commission and University of
Twente
Data type:raster data
Last updated:2015
Geographical coverage:global
Data website:https://malariaatlas.org/explorer/#/
Methodology:https://www.nature.com/articles/nature25181#Sec13
Availability:readily available to download

This dataset shows accessibility to high-density urban centres at a resolution of 1×1 km for 2015, and is
measured as the average travel time in hours/minutes to the nearest city. Compared to previous efforts,
the largest improvement underpinning this work is the combination of two extensive roads datasets:
OpenStreetMap data and distance-to-roads data derived from the Google roads database. A major
strength of the new roads data is its inclusion of minor roads (e.g. unpaved rural roads), which comprise a
large proportion of roads in many developing countries and were largely absent or inaccurate.
“ With this 2015 map we offer the most up-to-date accessibility product to the scientific
community and fields for which such locally resolved data on accessibility are of high
demand. To date no other study offers the quality, consistency and geographic extent
provided by this analysis, all of which enable exploration of differences in accessibility in
different places.” — Weiss et. al. (2018)
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Map 2.8 Average travel time to the nearest city measured in days
Source: Weiss et al., 2018

2.4.2

Electricity infrastructure

As Chapter 1 states, one of the DRC’s most pressing challenges when it comes to electrification is to
increase the generation of power and deliver it in a more cost-effective manner. This section describes the
data collected on the electricity infrastructure in the country.
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2.4.2.1

National electrical grid

SNEL datasets
Author:SNEL
Data type:line data
Last updated:2017
Geographical coverage:not available
Data website:not available
Methodology:not available
Availability:only available in low-resolution PDF format

Because of its former status as the only supplier of electricity in the DRC, SNEL had access to valuable information
on the infrastructures in place to supply electricity. So far, these data are not available for public access, but
maps published in several documents, or included in public presentations by public institutions, indicate they
exist. Map 2.9, found in a variety of official presentations, is an example of the data held by SNEL.
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Map 2.9 Example of a SNEL’s energy infrastructure map
Source: UCM, 2018

OpenStreetMap dataset
Author:OpenStreetMap
Data type:various data types
Last updated:constantly updated
Geographical coverage:global
Data website:https://www.openstreetmap.org/#map=5/-4.083/13.975
Methodology:decentralised digitalisation of satellite imagery by multiple users approved by
reviewers within the platform
Availability:available to download

OpenStreetMap is a mapping project that aims to build a free geographic database of the world, using the
GPS system and other free data. OpenStreetMap is widely used as a source of geographical data in the
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DRC. The location of health centres, road networks, schools and the existing electrical network is updated
by independent OpenStreetMap contributors. Public institutions are linked directly to the OpenStreetMap
server in order to download its information and update it for their respective sites. Currently, the main
concern with OpenStreetMap data is its level of precision and quality; sometimes its information is updated
by people without real knowledge of the site. In order to be sure of the quality, it is therefore advisable to
compare OpenStreetMap data with information from specific institutions that are responsible for each data.

World Bank grid dataset
Author:World Bank
Data type:line data
Last updated:2017
Geographical coverage:not available
Data website:https://energydata.info/dataset/africa-electricity-transmission-anddistribution-2017
https://datacatalog.worldbank.org/dataset/democratic-republic-congo-electricitytransmission-network-2017
Methodology:links above
Availability:available to download

The World Bank developed a dataset combining data from the AICD study, OpenStreetMap and other
sources, depending on the country, and to which they refer as “the most complete and up-to-date open
map of Africa’s electricity grid network”. The data is updated to 2017.
Predictive grid algorithms
Where no data exists or the existing data is unavailable, there are new developments by which state-ofthe-art algorithms in geospatial data analysis are used to predict where the grid lines might be located.
Road and electricity networks, night-time lights, population, urban settlement, administrative areas, digital
elevation model, electrification rates and land cover are used as the inputs.
One example of this is the algorithm created by Arderne et al. (2020). It was tested in the DRC but
unfortunately it did not perform well, as it predicted grid lines where there were none. Indeed, the algorithm
does not work well in areas that have very little or no grids, and where there are multiple small grids or
mini grids.
The list below illustrates this and other works of this type:
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Title

Link

GRIDFINDER 2020 — Global energy infrastructure

https://gridfinder.org/

Using NASA nighttime lights to guess where the grid is

https://rdrn.me/night-time-lights-find-grid/
https://github.com/carderne/gridfinder (open-source
software model)

Medium-Voltage Distribution (Predicted)

https://energydata.info/dataset/medium-voltagedistribution-predictive (download files)

Predictive mapping of the global power system using
open data

https://www.nature.com/articles/s41597-019-0347-4.
pdf

National Rural Electric Cooperative Association (NRECA) project — Grid
Author:NRECA in collaboration with VSI and UCM
Data type:multiple
Last updated:work in progress
Geographical coverage:DRC
Data website:not available
Methodology:not available
Availability:unknown

UCM has commissioned a geospatial planning study. The data on existing grid networks sought in our
study could also be supplemented by similar work carried out by the National Rural Electric Cooperative
Association (NRECA); an international structure engaged by UCM for the study of geospatial planning.
NRECA plans to supplement the data for digitising satellite images of the existing network with data from
field surveys on the entire network, although the latter component is experiencing difficulties following the
Covid-19 health crisis. The data on the analyses of the technical characteristics of the networks (HT and MV)
and of its expansion could also be useful in estimating the costs of developing the network in the model.
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2.4.2.2

Substations and transformers

World Bank grid dataset
Data type:SNEL datasets
Author:SNEL
Last updated:not available
Geographical coverage:not available
Data website:not available
Methodology:not available
Availability:not available to download

There are maps clearly showing that geographical information on substations and transformers exist
(see Map 2.9 on SNEL grid information) but the source file used is not available to public access. The
abovementioned NRECA team might be able to obtain access in the context of their ongoing grid study. In
the event that we remain unable to access the original file, we could digitise the existing map in order to
use the data.

2.5 Terrain and geographical data
Terrain data, including land cover, elevation and hydrology, is used in a number of processes in the model
to estimate energy potential, restriction zones, and grid extension suitability, amongst others (KTH & SNV,
2018, p. 5). The data sources for these items are numerous and are easily accessible. A description of the
sources reviewed is provided in this section.

2.5.1

Land cover

Land cover datasets indicate soil use. In the framework of the model, they are also helpful in estimating
biomass potential, and indirectly infers the population’s purchase power. There are several sources on
this topic. Foreign entities, such as the Observatoire des Forêts d’Afrique Centrale (OFAC), the Food and
Agriculture Organization (FAO) and the University of Maryland produce land cover data for the whole
world, including the DRC. The latter, in particular, has conducted yearly analysis of Landsat satellite imagery
characterising global forest extent and change from 2000 through to 2018. In the DRC, the Direction des
Inventaires et Aménagement Forestiers (DIAF) from the Ministry of the Environment has land cover data
from 2014.
Of these, we currently have the following datasets:
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National Forest Monitoring System
Author:Direction des Inventaires et Aménagement Forestiers (DIAF) in alliance with the
World Resources Institute
Last updated:2018
Data website:http://rdc-snsf.org/
Methodology:http://rdc-snsf.org/
Availability:readily available to download

This dataset is the result of a surveillance system that monitors changes in forest cover in the DRC, as
well as major deforestation events, producing information that is essential for the country to meet the
requirements of international conventions, such as the United Nations Framework Convention on Climate
Change (UNFCCC). It is fed by a collection of high-quality, reliable data on forests on the ground. The
results from the data collection wave in 2018 will be released this year (2020). Besides forest cover, it
contains several other land use-related datasets.

DRC’s Interactive Forest Atlas
Author:Ministry of Environment and Sustainable Development (MEDD) with the support of
the World Resources Institute (WRI)
Last updated:2018
Data website:https://cod.forest-atlas.org/map?l=fr
Methodology:https://cod.forest-atlas.org/?l=fr
Availability:readily available to download

The DRC’s Interactive Forest Atlas is a dynamic forest monitoring system that provides credible and up-todate information on the Congolese forest sector. Built on a Geographic Information System (GIS) platform,
the Atlas aims to strengthen forest management and land use planning by bringing together forest-related
information on a single, standardised platform. It serves as a repository of land use-related information
produced for the DRC and the global level. It contains 71 datasets, which are updated as new information
becomes available, and includes periodic publications available for download.
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Land Use Atlas
Author:Observatoire des Forêts d’Afrique Centrale
Last updated:different dates depending on the land layer
Data website:https://www.observatoire-comifac.net/old/geo/atlas/
https://www.observatoire-comifac.net/old/gisrepository/
Methodology:https://www.observatoire-comifac.net/old/gisrepository/
Availability:readily available to download

This dataset contains layers about rivers and linear hydrography; lakes and surface hydrography; forest
cover; administrative boundaries; cities, localities, and villages; roads and railways; land tenure regimes of
the types, hunting areas (Zones d’Intérêt Cynégétiques (ZIC)), community-managed hunting zones (Zones
d’Intérêt à gestion communautaire (ZICGC)), Village Hunting Zones (Zones villageoises de chasse (ZoVIC));
protected areas; REDD + project locations; and agro-industrial plantations.

300 m Global Landcover Maps (CCI-LC)
Author:European Space Agency (ESA)
Last updated:2015
Data website and methodology:http://www.un-spider.org/links-and-resources/datasources/300-m-global-landcover-maps-cci-lc
Availability:readily available to download

This global landcover map has a 300 m resolution, includes 22 land cover classes, as well as 24 yearly
classifications from 1992–2015.
A similar dataset with less land use categories but a higher resolution, also made by the ESA, is available here:
http://www.un-spider.org/links-and-resources/data-sources/cci-land-cover-s2-prototype-land-cover20m-map-africa.
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Global Land Cover Share Database (GLC-SHARE)
Author:Food and Agriculture Organisation (FAO)
Last updated:2013
Data website and methodology:http://www.fao.org/geonetwork/srv/en/main.
home?uuid=ba4526fd-cdbf-4028-a1bd-5a559c4bff38
Availability:readily available to download

This land cover database at the global level was created by the FAO Land and Water division, with
contributions from various partners and institutions. The database is produced with a resolution of 30
arc-seconds (1 km). The major benefit of the GLC-SHARE dataset is its capacity to preserve existing and
available high-resolution land cover information at the regional and country level, obtained by spatial and
multi-temporal source data, and integrating them with the best synthesis of global datasets.
The database is distributed in 11 layers in raster format (GeoTIFF), whose pixel values represent the
percentage of density coverage in each pixel of the land cover type. The dominant layer, representing the
value of the dominant land cover type, is also available along with a legend in LYR ESRI format. Finally,
information on each layer’s source is retrievable in the source layer, by joining the raster values with an
Excel table.
The 11 layers are: Artificial surfaces; Crop land; Grassland; Tree-covered area; Shrub-covered area;
Herbaceous vegetation, aquatic or regularly flooded; Mangroves; Sparse vegetation; Bare soil; Snow and
glaciers; Water bodies.

2.5.2

Elevation

SRTM 90 m DEM Digital Elevation Database
Author:NASA
Data website:https://www.rgc.cd/index.php?option=com_content&view=
category&layout=blog&id=42&Itemid=184
Methodology:not available
Availability:readily available to download

Digital elevation models (DEM), covering all of the countries of the world, are available for download
on this site. The SRTM 90 m DEM has a resolution of 90 m at the equator, and are provided in mosaiced
5 deg × 5 deg tiles for easy download and use. All are produced from a seamless dataset to allow easy
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mosaicking. These are available in both ArcInfo ASCII and GeoTIFF format to facilitate their ease of use in
a variety of image processing and GIS applications. Data can be downloaded using a browser or accessed
directly from the ftp site.

Référentiel Géographique Commun contour lines
Author:Référentiel Géographique Commun
Data website: https://www.rgc.cd/index.php?option=com_content&view=
category&layout=blog&id=42&Itemid=184
Methodology:not available
Availability:readily available to download

The Référentiel Géographique Commun has also made available for public access a rich dataset of the
contour lines in the country, with a level of precision of up to 50 m, which is transferred in place due to the
size of the file. The data was last updated in May 2012.

2.5.3

Hydrology

As stated in previous sections, the DRC is endowed with the largest hydropower resources in Africa, giving
it the potential to not only meet its own energy demands very cost-effectively but also to become the
continent’s largest power exporter. Meanwhile, the country’s inland waterways can provide low-cost surface
transport, with only relatively modest investments needed to improve navigability.
The waterway network has always been a key factor in the development of the country: its strategic use
allows many possibilities in terms of transportation and electricity production. The total length of navigable
rivers, canals and other bodies of water is 15 000 km (CIA).

Référentiel Géographique Commun’s hydrologic datasets
Author (manager):Cellule Infrastructures and the Institut Géographique Congolais
Data website:https://www.rgc.cd/index.php?option=com_content&view=
category&layout=blog&id=42&Itemid=184
Methodology:not available
Availability:readily available to download

The Référentiel Géographique Commun has numerous datasets on hydrologic topics that are relevant to the
purposes of our exercise. Amongst these are:
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■

■

Waterways (last updated: 18 October 2010), containing:
X

Type of waterway

X

Common name of the waterway

X

Length in kilometres (km).

Hydrologic sections of long longitude (over 200 m wide) (last updated: 22 September
2010), containing:
X

■

■

Common name of the river.

Lakes (last updated: 22 September 2010), containing:
X

Common name of the lake

X

Other name found in the databases

X

Surface of the lake in km².

Waterfalls (last updated: 22 February 2010), containing:
X

Cascade type

X

Usual name of the cascade.

2.6 Administrative boundaries
In an energy system model, the internal administrative borders serve to delineate the boundaries of the
analysis. In the DRC, the external borders have not changed since the 1885 Berlin Conference. In recent
years, however, the country underwent a change in its political division.
According to organic Law n° 08/016 of 2008, the first-level administrative divisions in the DRC is the
province, including the capital city of Kinshasa. The province is subdivided into Cities and Territories (villes
and territoires), which correspond to the urban and rural areas respectively. Subsequently,
■

The cities are divided into municipalities (communes);
X

■

The municipality into districts and/or into groups (quartiers and groupements).

The Territory into municipalities, sectors and chiefdoms (communes, secteurs and chefferies);
X

The sectors or chiefdoms into groups (groupements);
✖

The groups into villages.

The DRC has 26 provinces. Officially, this has been the case since 2006, the year in which the current
Constitution was instated. However, the reform only came into force in 2015, after the Congolese Parliament
adopted a law redistributing the country into 26 provinces, out of the previous 11 (Luntumbue, 2017).
These provinces are: Kinshasa, Bas-Uele, Equateur, Haut Lomami, Haut-Katanga, Haut-Uele, Ituri, Kasaï,
Kasaï Central, Kasaï Oriental, Kongo Central, Kwango, Kwilu, Lomami, Lualaba, Ma’I-Ndombe, Maniema,
Mongala, Nord-Kivu, Nord-Ubangi, Sankuru, Sud-Kivu, SudUbangi, Tanganyika, Tshopo and Tshuapa.
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World Bank’s Administrative boundaries
Data website:https://datacatalog.worldbank.org/dataset/resource/eea14f3c-827e44d3-9d09-842b70ae3e7b
Availability:readily available to download

Référentiel Géographique Commun’s administrative boundaries
Data website:https://www.rgc.cd/index.php?option=com_content&view=
category&layout=blog&id=41&Itemid=183
Availability:readily available to download

OpenStreetMap
Data website:https://www.openstreetmap.org/
Availability:readily available to download

2.7 Data to be used in future phases:
recommendations, plans and challenges
To conclude this chapter, we present the results from our data search. We discuss which datasets provide
the best data in each topic, and outline the tasks to follow. This relates to, amongst other things, improving
the datasets by obtaining new data, staying up to date with new releases, and working with institutions in
the DRC to validate these.
A. Demand
A.1 Population distribution
Data for next phases:
■

European Commission (EC) GHSL, 2019: most progress so far, also one of the most
promising for continued development and improvement outside of the project. Some gaps
still exist.
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■

Facebook, 2019: reasonably good progress, also promising, but has several limitations
compared to the European Union (EU) GHS, 2019, especially the exclusion of populations
where the 1984 census data is missing, or district boundaries have changed.

The best datasets are the EC GHSL and that of Facebook. But it is difficult to define which one is the best of
the two. The Facebook data detects some buildings/population that the EU data does not, but also misses
populations that the EC data finds. Moreover, it is only available until 2016. In addition, the EU dataset
has lower resolution than the Facebook data (250×250 m vs. 30×30 m), although the building detection
layers in both datasets have the same resolution (30×30 m). This influences the tasks for Phase 2.
Tasks for Phase 2:
1. Test the model with both datasets to either select one of the two or combine them
The model will be run using both datasets to evaluate a) how the quality of results changes
one or the other resolution (30×30 m. 250×250), b) if there are significant obvious flaws
(e.g. Lodja with the European Union dataset and Kolwezi with the Facebook dataset), and
c) run sensitivity analysis to verify the coherence of the results when parameters change.
Combining the datasets is another possibility although, according to KTH, it may be difficult
in reality since it would require knowledge of the exact locations of all the problems in both.
2. Approach Facebook and the European Union to verify if the population counts can be
improved, and other problems
All the databases reviewed use population growth projections from the 1984 census to
split the population into cells, a very outdated data input. The next step is to verify with the
respective institutions if it is possible to recalibrate the population distribution on the basis of
more recent surveys. Moreover, since these institutions are probably interested in improving
the quality of their products, the team will also let them know about other gaps identified,
to decide if it is possible to overcome them.
3. Validate population datasets with the local stakeholders
Given the local stakeholders’ potential knowledge of settlement patterns, recent changes,
future plans, etc., they will validate the datasets. The team should put in place a strategy to
use their feedback to improve datasets.
4. Need to distinguish between urban and rural settlements.
This should be done to better estimate energy demand within population clusters. The
European Union has a dataset concerning this issue. Eurostat also has a GIS dataset called
the Degree of Urbanisation, which is ideal to tackle this issue22.
A.2 Energy demand from households, productive uses and public facilities
Data for next phases: The datasets concerning demand agents and patterns, both from households,
businesses and public facilities, are partial (there are no business or public facilities censuses, at least
publicly available; the most recent household census dates from 1984, and the samples of the surveys

22

See https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/population-distribution-demography/degurba.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

87

found are different). They are indirect (most of them are not specifically about energy demand issues),
and scattered amongst multiple institutions and data collection waves. Given this, the goal here is not
to select the best dataset but to define a way to use the data to estimate the energy demands from the
different agents in a coherent way. For this, the cooperation with the RLI institute will be key (see Chapter
3). Moreover, there are other tasks to develop to ensure the optimal quality of the data identified.
Task for Phase 2:
1. Discuss with the academic partners (RLI, KTH and UCT) the methodology that will be used
to estimate energy demand.

Household data

Productive uses data

Public facilities data

• Define if a second wave of
surveys would be done and, if
so, its purpose and content.

• Clean and analyse WB business
surveys, focusing on energy
related variables.

• Consult literature about and
approach experts on the
quality of DRC surveys. Some
identified sources and authors
are Marivoet & De Herdt (2014);
Thontwa et al. (2017), Marivoet,
et al. (2018), Marivoet et al.
(2019). Marivoet & De Herdt
(2018)

• Determine whether and how
raster datasets (GDP and
agriculture) will interact with
quantitative information.

• Contact local institutions to
obtain more information:
Health: CAID, Système National
d’Information Sanitaire
(SNIS). Education: Ministères
de l’Enseignement primaire,
secondaire et technique, de
l’Enseignement supérieur et
universitaire, et de la Formation
professionnel, arts et métier.

• Clean and analyse WB
household surveys, focusing on
energy related variables.
• Contrast the results from the
Kinshasa RM survey with the
DRC WB surveys, which could
be useful to extrapolate results.

• Contact local institutions to
obtain more information:
Guichet Unique, Agence
Nationale pour la Promotion des
Investissements, Fédération des
Entreprises du Congo, CAID.
• Distinguish between the formal
and informal sector.
• Validate findings with local
partners.

• Identify data with regard to
water facilities (Regideso).
• Confront with data from
OpenStreetMap.
• Validate findings with local
partners.

• Contact local institutions to
obtain more information, CAID
in particular.
• Validate findings with local
partners.

B. Supply
B.1 Hydro energy
Data for next phases: For hydro, the RM masterfile is the most comprehensive dataset available, implicitly
recognised by the WB by the fact that it is one of their main sources. However, other initiatives that are
ongoing will improve and complement this dataset. Concretely, the current dataset will be combined with
other datasets such as the one from KTH and the one from SHER once it is available to the team, and the
datasets periodically collected by our partners in the field.
Tasks to follow:
1. Include SHER, KTH, local partners’ datasets into the RM masterfile.
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2. Include the minimum parameters to determine reasonable cost estimates of developing
project sites.
3. Determine if sites will include reservoirs or run-off river configurations.
4. Include aspects of seasonality of flow and potentially climate change variability.
5. Validate with local partners and include updated information where possible.
B.2 Solar energy
Data for next phases: Global Solar Atlas
Tasks to follow: Check for updates
B.3 Wind energy
Data for next phases: Global Wind Atlas
Tasks to follow: Check for updates
B.4 Biomass energy
In the DRC, biomass is an important source of energy and it should not be ignored. However, data in this
matter is scarce. Details of the possible opportunities are explained in 2.3.4 in the bioenergy resource
section (especially biodiesel for potentially reaching 100 % renewable energy in hybrid mini-grids). Solid
biomass, household and municipal waste, and animal and agricultural residues all have interesting and
potentially significant resource potential. This challenge will require investigation in the next phases.
Potentially, this could be an area where students do their final year or master’s research projects on specific
aspects that could be included in the modelling later.
B.5 Natural gas (domestic resources)
Our data review overlooked natural gas (methane (CH4)) as a potential source of energy. Data will be
collected early on in the next phase, as it is expected that reserves of methane may be available domestically
in the DRC; the environmental and economic issues relating to this will need to be taken into consideration.
C. Transport and energy infrastructure
C.1 Transportation infrastructure
Data for next phases: considering that the OnSSET model currently uses the travel time dataset, not the
roads datasets, to define the costs to access a given place, and that this dataset is obtained externally,
improvements to it are not up to the team and it will be kept as is.
However, if/when the model is able to include road datasets directly, or if/when the travel time dataset
can be improved, the combination of the data from the Référentiel Géographique Commun and from
OpenStreetMap will be the starting point. The Référentiel Géographique Commun datasets are readily
available for download and are comprehensive in that they consider multiple types of transportation.
OpenStreetMap is constantly updated and validated internally.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

89

There might be room for improvement, however, considering that the other datasets were built either with
the specific focus of transportation in mind, or by leading institutions in infrastructure. This will form the
bulk of the tasks to follow.
Tasks for Phase 2:
1. Verify with the authors if the travel time layer can be improved.
2. Verify if the model can be modified so it includes road datasets directly.
3. Contact local institutions to obtain more information, including capacity, working status (if
the item is planned, in construction, operational, etc.).
4. Validate datasets against satellite basemaps, and merge their accurate segments.
5. Validate findings with local partners.
The table below lists the institutions to contact to validate and obtain additional data, according to type of
transportation means.

Roads data

Water ports and airports

WB (Africa Infrastructure Country Diagnostic), Geology
for an Economic sustainable development (GECO)
(interactive map of Katanga), Cellule Infrastructure
(Carte du réseau routier de la RDC), Office de routes

Régie de voies maritime (RVM), Régie de voies fluvial
(RVF), Régie de Voies Aériennes (RVA)

C.2 Electricity infrastructure
Data for next phases: after validating the available sources against satellite imagery, we found that
OpenStreetMap is a better source than the World Bank. Moreover, local partners manifested that, in reality,
the data of the planned electricity transmission grid included in the WB datasets corresponds to plans to
extend the national road transportation network. However, SNEL is still the optimal source, and the only
one in the case of planned grids.
Tasks to follow:
1. Verify the validity of the electricity lines included in the WB dataset but not in the
OpenStreetMap, and merge the accurate data.
2. Contact SNEL to obtain information on grid and substations.
3. Digitize the SNEL maps available to the public.
4. Validate predictive grid algorithms with academic partners.
5. Validate data with local partners.
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D. Terrain data
D.1 Land cover
Data for next phase: from the datasets gathered, the DIAF-FAO is perhaps the optimal one. It is the most
recent and it is being updated using data collected on site, which makes it more accurate. However, since
its focus is on monitoring forests, the other datasets reviewed might contain additional information relevant
to the model. In addition, the amount of land cover classes that this dataset has should be checked, is
currently the model has 17 land cover categories, so there may be complications reading a map with any
less or more classes.
Tasks to follow:
1. Contrast information from datasets, discuss discrepancies and merge complementarities.
2. Verify the number of classes of the selected dataset, and make it compatible with the model,
if necessary.
D.2 Elevation
Data for next phase: default layer currently used by the model.
Tasks to follow: verify with RLI the identity of this dataset to apply their grid extension algorithm.
D.3 Hydrology
Data for next phase: the main source in this point is the Référentiel Géographique Commun. However, as
in the case of infrastructure, the usefulness of this data in the model is subject to either the model being
capable of using it directly, or to altering the travel time dataset so it takes into consideration the hydrology
and the model can use it indirectly. In this sense, the tasks for the next phases involve making sure that the
inclusion of the data in the model is possible, and verifying the usefulness of this dataset.
Tasks to follow:
1. Verify from the data available if it is possible to determine:
a. Whether the river can be used to transport materials (e.g. solar panels, batteries, cables,
diesel generators, hydro turbines etc.)
b. The seasonality of navigability of the rivers.
2. Validate data with local partners, institutions and country-based mini-grid and solar system
developers.
E. Administrative boundaries
Data for next phase: the preselected source is the Référentiel Géographique Commun as it includes the
2015 reorganisation of the subnational borders. It is also more comprehensive than other sources as it
contains the division of different administrative subdivisions for the vast majority of the country, which is not
the case for the other datasets reviewed. However, there are some issues with this dataset: some polygons
are not delineated while others do not coincide with the borders from Google Maps or OpenStreetMap.
The tasks concern dealing with these inconveniences.
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Tasks for Phase 2:
1. Contrast systematically with Google Maps and OpenStreetMaps.
2. Communicate mistakes found to Référentiel Géographique Commun and define how to
correct them.
Summary of data sources used in the first round and to be used in the future

Data type

First phase data used

Second phase data to be used

Population distribution

EC GHS, 2016, 1×1 km

Two options: European Union and
Facebook datasets

Night-time lights

VIIRS 2016

VIIRS (latest available, or 2016)

Household surveys

Not used

RM and other surveys

Economic structure and
businesses activity

Not used

WB business surveys, datasets from local
institutions

Public facilities

Not used

OpenStreetMap with input from local
institutions (SNIS, Education Ministries)

Globalsolaratlas.info version 1,
1×1 km resolution

Globalsolaratlas.info version 2,
250×250 m resolution.

Globalwindatlas.info version 1,
1×1 km resolution

Globawindratlas.info version 2,
250×250 m resolution.

KTH

RM, KTH, SHER

Demand

Supply
Solar energy
(KTH table: Solar Irradiation
Resource and capacity factor)
Wind energy
(KTH table: Wind speed and
capacity factor)
Hydro energy
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Data type

First phase data used

Second phase data to be used

Transportation infrastructure

Roads: OCHA

Roads: OpenStreetMap and Référentiel
Géographique Commun datasets, plus
input from local institutions

Transportation infrastructure

Seaports and airports: Not used

Roads: OpenStreetMap and Référentiel
Géographique Commun datasets, plus
input from local institutions

Travel time: Weiss et al. (2018)

Travel time: Weiss et al. (2018),
potentially with updated model

Existing grid network: World Bank
and OpenStreetMap datasets

Existing grid network: validated
OpenStreetMap and World Bank
datasets plus inclusion of SNEL data (if
made available), and predictive grid
algorithms if improved

Substations and transformers: not
included

Substations and transformers: SNEL
data if made available. Otherwise,
digitalisation of SNEL maps publicly
available

KTH assumptions (see Chapter 4)

Further industry data review. Local
stakeholders may also have project
specific data

Land cover

Global Land Cover Facility

FAO DIAF, with other if new data
becomes available

Elevation

SRTM 90 m DEM Digital Elevation
Database

SRTM 90 m DEM Digital Elevation
Database

Hydrology

Not used

Référentiel Géographique Commun

Administrative Boundaries

Référentiel Géographique Commun

Référentiel Géographique Commun

Transport and energy
infrastructure

Electricity infrastructure

Electricity infrastructure
Costs

Terrain data
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Chapter 3.

Status and trends in relevant
energy systems and modelling
approaches

3.1 Introduction
Energy planning in developing countries must address a complex array of interconnected economic, social,
political and environmental challenges and objectives. Energy technologies are rapidly evolving, opening
up opportunities to include small-scale renewables as viable alternatives to centralised grid-based solutions.
At the same time, advances in energy planning, including methodologies using data-driven computational
energy system models, have created opportunities to plan energy systems at greater spatial and temporal
detail. This allows optimising the use of local resources, new technology innovations, and renewable energy
to provide clean and affordable electricity for geographically distributed energy demands.
Chapter 1 discussed the challenges of electrification in the DRC. The extent to which these challenges and
opportunities can be represented in energy system planning models has expanded dramatically in recent
years. Whereas energy system models were initially developed with centralised infrastructure planning in mind,
energy system models can now incorporate detailed spatial and temporal information to capture the diversity
of resources and demand. In addition, costs and other technical parameters can be incorporated into energy
system models to allow the optimisation of generation capacity and reduce the cost of delivering electricity.
This chapter covers the rationale behind the choice of the Open-Source Spatial Electrification Tool (OnSSET)
and the Open Source energy Modelling SYStem (OSeMOSYS) as the primary planning models and their
use in Phase 2 and 3 of the project. It begins with an overview of energy system modelling approaches,
followed by a discussion of the envisaged deliverables and the criteria that were considered when choosing
the models proposed for the DRC electrification analysis that will take place in Phase 2 and 3 of the project.
This is followed by a review of the models that were considered especially suitable, based on the criteria,
and a motivation for the final model choice. The consultations with potential project partners conducted in
Phase 1 are discussed in order to highlight their individual strengths and how they could contribute to Phase
2 and 3. The final sections in this chapter show how the methodology and models chosen will be used to
deliver the visualisation tool that will be developed in Phase 2 and 3 of this project.
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3.2 Energy systems models overview
Energy systems include the production, conversion, delivery and use of energy (IPCC 5th Assessment
report). Energy systems analysis (ESA) aims to understand the interactions between components of the
energy system, the opportunities for transformation, and making energy systems more efficient, sustainable,
reliable etc. An important aspect of ESA in developing countries is improving energy access.
Energy system models have been developed to assist techno-economic analysis of energy systems in
different contexts and scales. They can be used to analyse energy demand and supply for the entire energy
system or parts of the energy system, such as individual plants, subsectors and sectors, or communities.
Energy system models have been applied to address a variety of local, national and global energyrelated challenges. These include developing appropriate responses to the need to reduce greenhouse
gas emissions, developing strategies and targets for energy efficiency, engaging with the intermittency of
renewable energy (RE) to ensure security of supply and, as is the case here, to plan for electrification.
A number of approaches are used to analyse energy systems and many different models have been
developed. De Carolis (2012), for example, found that over 43 different models were used in the analyses
presented at the International Energy Workshop between 2001 and 2011. Hall and Buckley counted 97
energy system models that had been used to analyse energy systems in the United Kingdom (UK) between
2008 and 2015 (Hall and Buckley, 2016). An overview of the different modelling approaches applied to
the analysis of energy systems, in different contexts and scales, can be found in Jebaraj (2006), Neshat
(2014), Wei (2006), Hiremath (2007), Herbst (2012), De Carolis (2012), Pfenninger (2014), Lopin (2018),
Ringkjøb (2018) and Subramanian (2018), amongst others. Ringkjøb (2018) provides a detailed review of
75 models and their suitability for planning electricity systems with a large share of variable renewables.
The energy system modelling approaches used differ fundamentally in terms of their purpose, underlying
methodology and solution techniques. They also differ in terms of data requirements, geographical coverage
and their ease of use. The papers highlighted show both the range of modelling approaches currently
in use and their widespread application to the different questions and challenges facing energy system
planning today. They also show the depth of models and trends in model development as technologies
have evolved, computing power has increased, and data has become richer and more accessible.
Energy system modelling approaches frequently distinguish themselves as either bottom-up or top-down,
and within the bottom-up framework as either optimisation or simulation models. A brief overview follows
of top-down modelling, and bottom-up simulation and optimisation modelling, highlighting the basic
functioning, purpose and type of analysis for which they are suited.

3.2.1

Top-down models

Top-down models begin with an overview or macro picture of the economy and energy system, and often
represent demand in an aggregate way with little or no technology representation. Top-down energy
models are typically macroeconomic, econometric or general equilibrium models. Econometric models
are often used to develop simple forecasts for energy and electricity demand, based on demand drivers.
Computable general equilibrium (CGE) economic models are complex models using economic data
(money transfers) — not physical flows — in their analysis. Due to this, they are very useful in exploring
responses to price changes and can, for example, be used to explore how the economy might respond to
policies such as taxes or subsidies on fuels or emissions.
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These models are not suited to detailed planning of energy systems: they tend not to include technical
aspects and therefore cannot directly capture the influence of technology changes on energy demand within
the economy, or be used to analyse the technologies that should be employed to supply fuels and electricity
in the economy. They can therefore not capture aspects such as how a change in supply technologies
might impact the overall electricity price, or how reliable the system might be in meeting the demand for
electricity. Hence, while these models can provide useful policy insights, they are not suited to planning
energy systems. Using a model of this nature would also add significantly to the data needs, complexity and
skills required to run the models, while not allowing the analysis needed for spatial electrification planning.

3.2.2

Bottom-up engineering models

Bottom-up engineering models typically begin with demand and represent technologies in detail. Bottomup models tend to be partial equilibrium optimisation or simulation models. Partial equilibrium models
focus on equilibrium in a sector or subsector of the economy and not over the entire economy.
With reference to energy system planning, an advantage of bottom-up engineering models is that they
allow demand to be represented in terms of the energy services needed or used, and the technologies that
supply those services. For example, a household’s energy use may be modelled in terms of a range of
energy services such as lighting, refrigeration, cooling, heating etc., and lighting needs could be met within
the model by incandescent, LED’s or fluorescent lamps, etc. In bottom-up models, demand is frequently
disaggregated into demand by region, sector and subsector, and the energy services needed within each.
The total demands, combined with technology options that can supply the energy services needed, form an
integral part in determining the amount of electricity or other fuels required, and the electrical generation
capacity needed.
As bottom-up models allow the technologies supplying energy services to be represented in the model,
the efficiency at which technologies supply energy, and the associated costs, can be included in the
analysis. When technologies that are more efficient are used in the model, the energy needed to supply
the energy service is reduced. Representing demand in terms of energy service needs, and accounting for
the efficiency at which the energy services are supplied, allows the endogenous calculation of fuel demand
within the model; therefore factors that might influence demand, such as technology change or efficiency
improvements, can automatically be factored into supply solutions.
While this provides a powerful way of weighing up supply versus demand-side interventions, it is not always
possible as the data needed to disaggregate demand at the level of energy services, and the technologies
supplying energy services, is often non-existent and can be costly and difficult to generate. However,
bottom-up energy system models are generally built to be flexible and allow the model developer to choose
the degree to which the demand for energy services is represented in the model. They also generally tend
to be flexible in terms of the representation of technologies within the model, the inclusion of fuels other
than electricity, and the representation of resources.
Energy surveys at the household level are commonly used to generate household demand profiles for
energy services and technologies. Survey findings, which represent samples of household types, can be
scaled according to the socio-demographic profiles of the area or country.
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3.2.2.1

Bottom-up simulation models

Simulation models are used to simulate the energy flows and technology adoption within the energy
system. Several types of simulation models have been applied to analyse energy systems: these include
systems dynamics models, agent-based models and accounting framework models.
Systems dynamics models are fairly abstract; they focus on the dynamic development of systems in
response to the growth of certain drivers, and the ability of the system to respond and adapt to change
over time. A well-known application of simulation modelling is the Limits to Growth study by Donella
Meadows. Examples of systems dynamics models applied to energy, and the motivation for the use of
systems dynamics in energy planning, can be found in Mutingi (2017). An example of the systems dynamics
framework applied to supply and demand modelling is shown in Figure 3.1: increases in energy demand
(+) lead to increased investment and growth in industry, which in turn increases the demand for energy.
On the other hand, demand growth cannot exceed supply capacity. When demand is unmet, this reduces
energy demand growth (-). Systems dynamics models are useful tools in modelling systems with interacting
aspects that are poorly understood as a whole, but can be broken down and examined in smaller parts
in order to improve this understanding. The interaction of the small parts and their linkages then provide
insights into the behaviour of the system overall.

Figure 3.1 Energy supply and demand: limits to growth
Source: Mutingi, 2017

Agent-based models represent individual or agent decision making in the model. Agents can be people,
companies, products, cities, stakeholders, etc. The behaviour of the agents within the model determines
the behaviour of the system. In energy systems, agents make decisions around, for example, technology
investment and behaviour (e.g. to walk or to drive). Agent-based models simulate how the different actors,
people, agents and stakeholders behave in a particular system — often, the overall ”global” optimum
of a system is not in the interest of each individual actor; the system would not respond to meeting the
global optimum and rather generate a potentially unexpected result, which is the sum of all the individual
actors. A critique of agent-based models and their application to energy systems analysis can be found
in Klein (2019). Challenges in agent-based modelling lie in assembling the empirical evidence needed to
formulate agent behaviour, and in choosing and validating the parameters.
Accounting framework models are the more common of the simulation models used in energy systems
analysis and are a simpler form of simulation models. They do not simulate decisions or feedback between
system components as agent-based models or system dynamics models can; rather, demand in the future is
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calculated based on an assumed relationship between energy use, or the demand for energy services and
sector drivers. Examples of accounting framework models include Model for Analysis of Energy Demand
(MAED) and Long-Range Energy Alternatives Planning (LEAP). In these models, demand is calculated by,
for example, assuming appliance penetration rates, appliance ratings and hours of use, or by assuming
the level of energy services needed and the efficiency at which they are supplied (according to appliance
efficiencies and the share of appliance types providing the service). The degree to which energy services or
technologies supplying these services are represented in the model is up to the model developer. Accounting
framework models are typically used to look at what the impact might be on future energy demand levels
in certain growth scenarios, or due to the introduction of policy. For example, they can be used to assess
the impact of the introduction of appliance standards on energy use and emissions.
While simulation does allow the analysis of “what if” style questions — for example, how much could
household energy consumption be reduced through an efficient lighting programme? — it does not allow
insights into the most effective way to achieve an objective. For example, if the objective is to reduce carbon
emissions to a certain threshold, simulation models can add insights into the degree to which certain
programmes could help you achieve your goals, but they are not designed to weigh criteria and costs to
find the most effective way to do it. The modeller would have to find that out through trial and error.

3.2.2.2

Bottom-up optimisation models

Optimisation models usually minimise the cost of supplying energy to the system. As such, their focus
is generally on achieving an optimal set of technologies (on the supply and demand side) to meet the
demand for energy at the least cost. Most often the costs are financial but other indirect costs, such as
opportunity costs, can also be included in the optimisation. While the most common approach is the single
objective optimisation of minimising system costs, it is also possible to optimise the energy system in terms
of other objectives, for example, minimising emissions or in terms of multiple objectives.
Optimisation models for energy system planning were initially developed to respond to large centralised
questions related to ensuring supply-side security. In this role, they provide a plan for meeting the demand
for electricity over time based on costs, resources available, constraints, etc. Optimisation models require
input parameters related to the financial and technical aspects of technologies. For example, supply-side
technologies, such as hydropower plants, or demand-side technologies, such as a heat pump, will be
characterised within the model in terms of capital costs, fixed and variable operation and maintenance costs,
availability factors, maximum capacity and other techno-economic parameters needed in the optimisation.
Models adapted to determining the most appropriate energy supply options generally include the
following variables:
■

■

■

The quantity and availability of local energy resources: developing a robust supply model
requires representing technologies in terms of their seasonal availability. Renewable
technologies, which offer attractive opportunities for energy access in remote areas, have
motivated the development of models at a higher spatial resolution, in order to allow the
optimisation of supply according to local potential; this may differ considerably depending
on aspect, climatic zones etc.
The performance and cost characteristics of supply technologies.
The seasonal demand for electricity: represented as demand profiles. This requires an
estimate of the number of customers to be connected, their likely demand and the scale of
local economic or community activities.
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■

The practical or policy context in which planning is taking place, such as the community’s
distance to the grid, existing national electrification plans, taxes or subsidies, energy
regulation policies, and public perceptions of technologies.

A disadvantage of optimisation models is that they have a binary knife edge, or “winner takes all”, solution,
which means that a technology may dominate the results based on a small cost advantage, or the results
may not change at all even though costs have changed. The data requirements also often mean that not all
aspects of the system can be optimised. For example, preferences and behavioural influences, which may
in reality result in the least cost solutions not being chosen, are not easy to cost and factor in (and may not
change results due to the knife-edge properties of the model). It is also not possible to include all demandside technologies which requires aggregating technologies. Some of these disadvantages are overcome by
limiting or forcing the adoption of technologies in the model to match the existing estimate of market share,
or an estimate of what market share may be at a point in the future.
Where simulation of the system is required, this can be done using constraints. For example, you can
specify that the model must build a 2 GW hydro plant in 2030 or at any other point in the future, providing
it is feasible. If you were purely optimising, you would not specify this because you would want the model to
tell you what to build in the future. You can also force some plant builds within an optimisation and leave
other choices open. For example, you may want to say the solution must include 2 GW of hydro and leave
the model open to choose whatever else is needed to meet demand.
Simulation can take place on both the demand side and the supply side. When you are optimising demand,
you are allowing the model to choose between technologies on the demand side that would change the
amount of energy needed, whereas when you are simulating, you are forcing the model to use a certain
technology mix.
Where there is insufficient data to characterise the demand side, or a demand-side optimisation is not
needed, the calculation of demand that must be met in the future can take place outside of the models. The
models will use those demand projections in their optimisation of the future energy mix.
Examples of the more common bottom-up optimisation models, which are well adapted for national
regional or local supply-side analysis, include: MESSAGE, OSeMOSYS, TIMES, MARKAL, EFOM, NEMS,
AIM, OEMOF, CALLIOPE, TEMOA, PLEXOS, RESOLVE, PYPSA and Switch. These models differ mainly in
the degree to which they allow aspects of the demand side in the optimisation, the extent to which they are
flexible in terms of their representation of demand and resource profiles within the model, and the speed at
which solutions are found. They also differ in their licencing fees, the degree to which they are supported,
the scale at which they are applied, how easily data can be uploaded, the degree to which the interfaces
are user-friendly, their continued maintenance and development support, and other important aspects.
While PLEXOS, RESOLVE, SWITCH and PYPSA are focused on electricity supply and provide a detailed
temporal view of the reliability of the electricity supply system at a point in time, TIMES/MARKAL, MESSAGE,
OSeMOSYS and TEMOA allow detailed representation of all fuels, the demand for energy services, and
technologies supplying energy services within the model. They therefore allow both the demand and supply
side to be optimised simultaneously, but at the expense of modelling both at less temporal detail. This means
that testing the overall reliability of systems, particularly those with a high renewable energy penetration,
is often not possible. Optimisation models that are widely used and have been developed specifically for
distributed generation, i.e. small-scale supply where local renewable energy availability is a very important
component of the solution, include RETScreen, HOMER and OEMOF (Open Energy Modelling Framework).
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3.2.3

Geospatial energy systems optimisation models for electrification

The general trend in energy system models of all kinds is to work with increasing amounts of data in order
to allow higher spatial and temporal resolution of both demand and supply. This allows the development
of more granular and robust solutions. Models for electrification, particularly where the base is low and
transmission is not readily available, have been moving in the direction of allowing the electricity supply
system to develop from smaller, isolated distributed supply systems, rather than a central supply through,
for example, a large national grid.
To assist with the challenge of electrifying large areas or small clusters of households that may be highly
spatially dispersed, optimisation models using GIS cells are being developed. Factors contributing to the
development of models that are capable of analysis of the energy system at high spatial and temporal
resolution are the developments in data science and open-source software methodologies. There is a
movement amongst energy modellers to publish data and models in a way that allows them to be easily
used and customised.
The geospatial models use high-resolution global and national datasets to map energy resources and
population throughout a region or country. Other components, such as grid and road networks, can be
included and used in the model optimisation. The results present a picture of how electrification may look
going forward, based on the trade-off of possible grid and off-grid supply solutions within the model,
according to population densities, resources and other important decision variables. Examples of these
models are OnSSET and the OEMOF suite of tools.

3.2.4

Hybrid models

As energy modelling has evolved, energy models have been linked to other systems models. This type of
linking is useful when there are important links between the energy system and other systems. For example,
in countries where hydro resources can be an important part of meeting energy needs, it is possible to
combine water and energy models to better model the resilience of the energy system during times of
drought, or where other factors might impact the system, for example, if users upstream are competing for
the water resources. Similarly, energy models that offer different functionalities have been linked to answer
more nuanced questions and provide more usability, for example, computable general equilibrium models
have been linked with bottom-up technology-rich optimisation models.
These linked models are referred to as hybrid models. The term “hybrid” is often used loosely simply to
mean a mixture or combination of approaches or options. It is not an exact term. In this report, hybrid
is used to show that there are two different modelling approaches being combined to create a result. A
hybridised model can be built by either including the functionality desired within the energy model or
allowing the transfer of data between models.

3.3 What is needed from models to plan for
electrification in the DRC?
The task is to choose an appropriate method or approach and tool, based on the challenges of and
opportunities for electrification in the DRC. For purposes of this work, the model output must be useful in
showing the viability of electrification in the DRC, in setting targets for electrification going forward, and
informing policy.
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Due to the nature of the DRC, where there is some, albeit limited, grid infrastructure that could take
advantage of hydro and other resources to supply electricity, other areas lie far from the grid and thus
microgrids or stand-alone systems may be more appropriate electrification solutions. The results from the
models must thus provide, at regional and sub regional level:
■

■

■

A geospatial picture of the electrification pathway, through grid, mini-grid or stand-alone
systems, at different points in time,
The infrastructure needed and the level of investment required at different points in time to
realise the electrification pathways envisaged, and
The ability to interrogate these electrification pathways under a range of scenarios.

To achieve this, it is considered primarily important that:
■

■

The modelling tools used must allow detailed spatial analysis of optimal electrification
pathways going forward.
The results from the models must be presented in a way that allows users to experiment with
different inputs to scenarios and key parameters in an interactive platform:
X

X

■

■

■

The interactive tool should allow spatial display of results, as well as tabulated or
graphical summary of key results.
The interactive tool should allow a selection of scenario and other key parameter data
relating to demand, costs, urbanisation, electrification, GDP, population, etc.

The results and inputs must be easily interpretable by a wide range of users.
For sustainability, the capacity to make changes and updates to the model must lie in the
DRC.
All data used and the model/s applied should be accessible to anyone wanting to use them.

Beyond this, the parameters in the model and the scenarios modelled must allow:
■

An electrification rate to be chosen as an objective and adjusted at different points in time

■

The rate of urbanisation to be adjusted at different points in time

■

■

■

■

■

The impact of changing demand levels to be analysed in different regions or localities
including demand for:
X

households

X

productive uses

X

public facilities

Analysis of the impact of changing demand drivers, specifically different levels of GDP and
population growth
Analysis of the optimal method of electrification through stand-alone systems, mini-grids, or
through the expansion of the national grid
Analysis of grid infrastructure needs
Analysis of the optimal technologies in the stand-alone system, mini-grid and grid expansion
networks
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■

Analysis of the sensitivity of the results to technology costs

■

Analysis of key policies.

In order to provide the functionality outlined above, Table 3.1 summarises aspects that are considered
important in our model. The criteria listed in the table are used as a basis for the review of modelling
platforms that follows in the next section.
Table 3.1 Criteria for reviewing modelling platforms
Criteria

Description

Solution method

The ability to select optimised solutions is considered an important criteria for
both microgrid and grid-based solutions (e.g. some models do not optimise or
provide a “suggested” plan, but simulate the expected outputs of a specified
scenario or case study).

Ability to represent demand,
resources and the solutions
spatially

The spatial representation of demand and resources allows the solutions
to be tailored to the communities that they are supplying. This would allow
technologies to compete, based on local resource availabilities and other
criteria, such as the ability to pay and local preferences etc.

Ability to include different
demand types with different
profiles

This allows the needs of communities to be considered, as well as the tailoring
of solutions to these needs, which can reduce costs and improve services.

Ability to consider solutions of
very different sizes and scales of
grid, mini-grid or stand-alone
systems

This refers to the size of different solution options (i.e. a very small solar home
system versus a huge hydro plant) and the technology used. The ability to
pay will be considered, as well as optimising the system in terms of linking
customers in microgrids, stand-alone systems or the expansion of grid-based
solutions.
This could also allow for very different demand/economic/population growth
scenarios where, for example, a small village today would maybe only need
or afford solar home systems, but 30 years from now it may be a town with
higher income and several productive energy uses, or even a mine nearby.

Ability to include detailed
technology characteristics

This is needed to create reliable and robust solutions. The required
technology details include: the performance and capabilities of technologies
under different conditions, the cost of each component, the efficiencies of
components etc., and how these might change over time. It must include the
seasonality of hydro/solar/wind and what it may cost for these technologies in
the future, as they improve.

Ability to include “real-world”
constraints and limitations

For example, the speed at which the grid could be extended, accessibility
to areas via road or river, limited ability to pay, environmental limitations
(national parks, the lifetime of a mine) or political choices (which areas get
priority over others etc.). This has both spatial and temporal considerations
and thus dictates the spatial and temporal resolution requirements of the
model. This also has implications for the way data is passed to the model.

Open access frameworks

This has implications for licensing fees, as well as transparency and outcome
reproducibility, allowing users to build and modify the underlying code
according to their requirements and available data in a transparent and
reproducible way.
Open access is increasingly becoming a key criterion in model choice and is
considered to be very important here, as we would like the use of the model
developed under this project to be widespread.
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Criteria

Description

Support of the larger
community in further
development and application of
the tool, if necessary

Ideally the model chosen will be used by a wide-ranging community that are
active in model development and able to support the use of the tool.

The potential to which models
are flexible and can be altered
or added to where there are
limitations

Aspects of this are how accessible the underlying code is, the language
in which the model is written and the degree to which the code is
understandable. A further concern is whether customisation would be
encouraged by the model developers.

Ease of use/User-friendliness
and accessibility

How developed is the user interface, can results be easily exported etc. must
be considered.

Components of capacity
building related to the tool

Capacity building is an important component of this project, and the existence
of training programmes and training material with examples is considered an
advantage.

Ability to deal with a large
country like the DRC

Generally, the more complex and detailed the model is, the longer it takes
to “run” and give the optimised solution. An important issue is that many
optimisation models are not “linear” in complexity, depending on how they
work, e.g. running a model for a country twice the size of another wouldn’t
take twice as long, but it could, for example, take 10 times as long.

3.3.1

Model framework proposed to achieve the functionality desired

Solutions for electrification throughout the DRC must include stand-alone systems, mini-grids and the
extension of the grid network at a high spatial resolution. A geospatial optimisation model is therefore
proposed as the primary method for developing the electrification plan.
The geospatial model should be capable of:
■

■

■

considering grid and other infrastructure at each location,
weighing the cost of extending the grid, based on terrain, distance etc., against other
supply solutions which can meet the anticipated level of electricity needs in communities or
settlements across the DRC, and
developing scaled supply solutions based on resource availability, tailored to the location
being supplied with electricity.

The review of geospatial models in the following section highlighted current gaps in their methodologies,
and which are important for planning for electrification in the DRC. Primarily, geospatial models are limited
in their ability to optimise the technology mix for grid and mini-grid-based electrification. This means that
the costs of both could be overstated or understated in the geospatial optimisation model. Therefore, a
model capable of optimising supply-side technologies at centralised or mini-grid scale is also needed.
Consequently, the review that follows also includes a review of optimisation models that focus on identifying
the optimal technology mix for grid or mini-grid-based electrification. The central planning tools reviewed
are those that allow optimisation of the grid-based network or mini-grid systems, but do not provide
detailed spatial modelling using GIS and other spatial information. They are thus able to optimise the gridbased supply technologies but do not include realistic costs for the expansion of the grid-based network.
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The review is extended to mini-grid optimisation models that specialise in planning for hybrid23 mini-grids,
and are capable of planning at the high-temporal detail needed to develop hybrid renewable mini-grids.

3.4 Review of the most relevant models for the project
A number of platforms could be used for both geospatial electrification planning and centralised or minigrid electricity planning. This section presents a review of the geospatial models OnSSET, OEMOF with
geospatial add-ons, GEOSIM, REM and Network Planner; the centralised planning tools OSeMOSYS,
TIMES, MESSAGE, CALLIOPE, TEMOA, OEMOF; and HOMER and MicrOgridS as the tools that are
particularly suited to mini-grid development. While geospatial models are not that common, there are
many models that have been developed to optimise centralised planning and mini-grids. In particular,
mini-grid optimisation models have seen much development. The model platforms reviewed in this section
were considered the most suitable to this project, based on their functionality and how well they met the
criteria discussed in the previous section.

3.4.1

Motivation around the choice of using open-source versus
commercial software

Whether to use open-source or commercial software was an important decision. This section provides a
brief discussion on the benefits and pitfalls of both.
Many models face challenges concerning a lack of transparency, results reproducibility, the use of proprietary
software and data. This can result in the ineffective bridging of the science-policy boundary and limiting
the ongoing future usefulness of systems created, ultimately reducing the potential impact and value of
the modelling efforts and research outputs (Pfenninger, 2017; DeCarolis, 2012). Many models are also
“black-boxes”, where the inner workings and input assumptions are not open to be reviewed or scrutinised
(Pfenninger, 2017). Proprietary software is also often used, requiring expensive license subscriptions, while
the data used may have been purchased or is confidential (HOMER, 2020; SolarGIS, 2020; GEOSIM,
2020). The assumptions made and possible scenarios modelled will invariably entail a level of subjectivity
by those involved in the process. Therefore, without full input and data transparency and reproducibility,
modelling results and policy suggestions may be disregarded or refuted by stakeholders with claims of bias
or manipulation. This reduces credibility and confidence in the results and may hinder non-technical or
non-expert stakeholders from being able to make decisions for policy or deployment plans, or to garner
public support.
The abovementioned points are all strong reasons to consider using only open-source models.
However, one of the primary weaknesses of open-source software is that they are typically not very easy to
learn, often require software coding experience (and not always the same programming language), and
usually require detailed understanding of energy systems modelling to achieve accurate and realistic results.
They also typically don’t have user-friendly graphical “point and click input/setup interfaces” to allow users
to create, customise and run models. In addition, development tends to focus on expanding functionality
rather than on developing intuitive and high-performance interactive results. Viewers as researchers often
visualise results themselves in ways suitable for their projects.

23

Mini-grids that utilise a range of different technologies in order to provide a more reliable supply of electricity.
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Researchers developing open-source software are driven to answer important new and interesting questions
in the cutting-edge research space, and while those familiar with coding and with energy systems analysis
may be able to learn to use them fairly easily, they can be difficult tools to master for users outside of their
field of expertise.
Developing good documentation and online training/tutorial material also often delays the development
of the software by several years. This can be a barrier to successful capacity building, especially for model
and results “creators”, i.e. getting to the point where outsiders and people not experts in the field have the
ability to build models from scratch using this software, and to use it as a basis to extend or expand while
creating and customising new modules or functions themselves.
On the other hand, commercial software tools often focus heavily on these aspects, such as user friendliness
for non-experts and intuitive graphical interfaces, usually with no previous computer programming
experience required. They also usually offer extensive training courses in using their software, and for
different levels of ability/experience (e.g. beginner short course, intermediate or “specialised topic” courses,
or longer expert user courses). The developers of the tools can also often be contracted as consultants to do
certain parts of the work or studies, tailored to the client’s requirements, or can be paid to offer software
support for each paying user (or this is included by default in an annual license).
Despite the difficulties in navigating open-source software, we are proposing using open-source tools
rather than commercial software due to the benefits offered. An important focus in the model comparisons
below is therefore ease of use, likely support from the user community, and training or tutorials available
to support learning.

3.4.2

Descriptions and comparisons of suitable spatially distributed energy
optimisation models

The comparison of geospatial tools for planning electrification includes the open-source tools OnSSET, RLIGIS tool and Network Planner. Each of these tools allows GIS-based analysis, at a high spatial resolution, and
includes a degree of competition between stand-alone systems, micro-grids and a centralised grid-based
supply of electricity according to community specific aspects, such as the demand envisaged, population
densities and distance from the grid. However, their representation of technologies and resources, the
degree to which they can endogenously accommodate growth and demand calculations, ease of use and
training offered differs considerably. A brief review of REM and GEOSIM, which are not open-source tools,
is also included as these software tools are well developed and have attractive features.

3.4.2.1

OnSSET (Open-Source Spatial Electrification Toolkit)24

OnSSET is developed and maintained by KTH-dESA. An initial OnSSET model has been developed for
every sub-Saharan African country with varying levels of validation and scrutiny. The most recent public
online visualisation product is the Global Electrification Platform (GEP), available at: http://gep-explorer.
surge.sh/. OnSSET was also used to develop scenarios for the IEA’s Africa Energy Outlook.

24

http://www.onsset.org/
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General
Solution method

Optimisation of electrification options at a high spatial resolution are grid
extension (but not the optimisation of the grid technology mix), mini-grid (but
not the optimisation of the mini-grid technology mix) and stand-alone systems.

Licencing or open-access
framework

Open-source: developed by researchers at the Swedish Royal Institute of
Technology university (KTH), available from http://www.onsset.org/
Open-source license allows for modifications to be made to the code, and can
be used for commercial, academic, public and non-profit uses, provided that
the original source is referenced.

Ease of use/User-friendliness
and accessibility

There is currently no graphical interface for OnSSET; running an OnSSET
model requires coding skills in Python.

The potential to which models/
code is flexible and can be
altered or added to

The code is flexible and, as the model is open-source, it can be adjusted
as needed; however, Python coding experience is required, and specialised
energy system modelling knowledge may also be required.

Demand representation
Ability to represent demand
spatially

OnSSET can be developed for an entire country or region. Within the country
or regions, OnSSET can be developed at flexible spatial resolutions (10 km2,
1 km2, or 100 m clusters — depending on the resolution of the input data
available).

Ability to include different
demand types with different
profiles

Only household demand is currently included; however, simplified agricultural,
industrial, commercial etc. demands can be added. They will still be simple
without detailed daily or seasonal demand profiles (this will be added but the
expected release date is unknown).

Ability to simulate urbanisation
and electrification rates

The model determines the initial urban/rural divide and electrification status,
and it projects the future populations based on this urban/rural divide
and expected urbanisation rate. However, it currently assumes the same
spatial distribution of settlements and which areas are urban or not. Target
electrification rates can be set either incrementally or for specific years. Grid
rollout constraints can also be set. Currently, it is not possible to simulate an
increase or decrease in urbanisation; populations grow in all areas at the
same rate. It would be possible to implement this with additional research,
modelling and coding.

Resource representation
Ability to represent resources
spatially

The flexible spatial resolution in OnSSET also allows resources to be
represented according to the region and cluster in which they lie. This is
particularly useful in representing micro-hydro and other renewable options.

Ability to represent profiles
for variable renewables in the
optimisation

OnSSET currently does not allow a high time-resolution as it uses a simplified
optimisation approach for each supply option (e.g. no hourly supply/demand
analysis over a year).
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Solution space
Ability to include detailed
technology characteristics

Many different technologies are available or can be added, but the details
within each technology are only to a medium detail (i.e. it is not yet possible to
have very high-resolution demand profiles, efficiencies at different operation
modes, temperature effects etc., but having different costs for different types of
mini-grids and different total availability of each resource can be defined).

Ability to consider solutions
at different scales; ability to
consider grid, mini-grid and
stand-alone electrification
options within the model

Grid extension is considered as an electrification option; however, grid
expansion is still relatively simple and the technologies supplying the grid are
not optimised. Similarly, mini-grids are included as electrification solutions, but
the mini-grid is not optimised.

Ability to include “real-world”
constraints and limitations

This can be done to an extent, for example, an annual total limit of new
grid connections can be set but defining specific community preferences
for technologies (i.e. wanting distributed technologies and not a grid that is
potentially unreliable) is not possible.

Ability to provide a timestep of
solutions

Simple and low-time resolution of individual supply options: OnSSET allows
an “intermediate incremental timestep”, optimising first for 2025 for a chosen
portion of the electrification target, and then building on from that point to
2030 to reach the full target defined electrification rate.

Regional trade

No regional power pool integration.

Model size: computational
complexity and ability to model
the entire DRC

OnSSET can be used for the entire country at a high spatial resolution. It has
been used for all countries in sub-Saharan Africa, but at different levels of
scrutiny of input data and results validation.

Results
Grid Infrastructure requirements
and the level of investment

OnSSET will develop a simple roadmap for grid infrastructure. It currently does
not take into account terrain or other limitations between points that need
electrification (e.g. water or national parks).

Sub regional analysis of results

Currently results are summarised nationally; however, sub regional analysis is
possible if the user defines the subregions and undertakes a custom analysis of
the subregions.

Support for further development and training
Support of the larger
community in further
development and application of
the tool if necessary

OnSSET is under continuous development in collaboration with numerous
international partners: 2–3 day conference-type “high-level meeting” with
several government, academic and development agency partners is held twice
a year.

Support for capacity building

At a minimum it is hosted annually in June in Trieste*, Italy, at the “Joint
Summer School on Modelling Tools for Sustainable Development”, offered
alongside parallel training in OSeMOSYS or GIS Database Management (only
one training can be attended at a time). Additional courses are usually hosted
In December or January at the “Energy Modelling Platform for Africa (EMP-A)”
hosted at a different university each time (2019 was in Cape Town and 2020
in Mauritius).

*Important: postponed until 2021
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3.4.2.2

RLI geospatial electrification planning tool (Reiner Lemoine Institut & Open
Energy Modelling Framework)25

Several custom models and codes are used by RLI for their geospatial electrification analyses. In addition,
several custom online visualisation platforms have been created and are openly available. Good examples
are the Nigerian Energy Support Program (Phase 1) (http://rrep-nigeria.integration.org/) with Phase 2
ending in September 2020, with extensive updates to be released, and for Tanzania (https://tzmapping.
github.io/).

General
Solution method

Optimisation of stand-alone systems, mini-grids, and grid extension in multiple
incremental phases.

Licensing or open-access
framework

RLI have a number of models that can be used as stand-alone tools or
as modules in larger models with combined functionality. Several can be
combined in the geospatial electrification tools.
The core modules are available under the open-source license agreements.
Custom RLI model code is available on request but not always published
widely online.

Ease of use/User-friendliness
and accessibility

Not currently easy for non-experts to use as there is currently no graphical
user interface for model inputs and setup (a project to develop this type of
functionality is currently underway).
Not all of the models are published openly as user-friendly open-source tools
as they are still under development and typically applied to custom research
questions by RLI. As a result, good experience in the necessary programming
languages will be required. All of the models are developed to be opensource, with the objective of making code and documentation available;
however, this may require additional resources and time.

The potential to which models/
code is flexible and can be
altered or added to

The models are designed to be flexible. They are coded primarily in Python
and R, allowing users the opportunity to create applications and adapt
components.

Demand representation
Ability to represent demand
spatially

The GIS model can be developed for an entire country or region, i.e. the
boundary is defined by the modeller. Demand is represented spatially for
consumer clusters according to the number of inhabitants.

Ability to include different
demand types with different
profiles

Demand profiles are possible at a high resolution with day-to-day variability.
Household demand, along with demand for agriculture, commercial,
productive uses etc., can be modelled.

Ability to simulate urbanisation
and electrification rates

Basic assumptions will need to be made to project the populations in urban
and rural areas with defined rural/urban divisions.

Resource representation
Ability to represent resources
spatially

Resources are represented spatially; solar and diesel are included by default;
wind, hydro and biomass would require additional data.

Ability to represent profiles
for variable renewables in the
optimisation

Variable renewable energy supply profiles are included in the optimisation by
default, e.g. this includes hourly profiles of resource availability.

25

https://reiner-lemoine-institut.de/en/fields-of-competence/rli-tools/
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Solution space
Ability to include detailed
technology characteristics

A high level of detail is required to specify the technology parameters in terms
of cost of components, efficiencies and capabilities, which gives an accurate
representation of systems. Transmission line costs are adjusted based on
voltage.

Ability to consider solutions
at different scales; ability to
consider grid, mini-grid and
stand-alone electrification
options within the model

Electrification options include grid, mini-grid and stand-alone systems. The
choice between electrification options is made according to thresholds based
on distance to the grid and population size of the clusters. The model does not
choose the capacity to be expanded on the central grid.

Ability to include “real-world”
constraints and limitations

The model allows defining exclusion zones or penalties for terrain types to
mimic real-world constraints or cost differences of grid extensions.

Ability to provide a timestep of
solutions

The model allows a phased approach to electrification.

Regional trade

No regional power pool integration.

Model size: ability to model all
of DRC spatially

The model has been applied to Nigeria (Bertheau, 2016); it can therefore be
assumed that it could be applied to the DRC.

Results
Grid infrastructure requirements
and the level of investment

The model can determine grid infrastructure requirements and pathways.

Sub regional analysis of results

This is not typically included by default; however, it is possible.

Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

There is an annual development and user meeting for the RLI toolset. OEMOF
is a pioneer in advocating and implementing open-source best-practice
standards and ensuring ease of integration with other tools, code version
control and validation, and reproducibility of results with open data whenever
possible.

Support for capacity building

Access, training and instructions on these tools are available upon request.

3.4.2.3

Network Planner26

Network Planner is developed and maintained by a team from the Modi Research Group (Sustainable
Engineering Lab at the Earth Institute of Columbia University) based in New York, USA.
The main online interface is currently offline; however, the open-source code is available at: https://github.
com/SEL-Columbia/networkplanner. Stand-alone systems are included but only for solar.

26

http://networkplanner.modilabs.org/ (main site offline on 18/03/2020)
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General
Solution method

The methodology is built on a “Dijkstra’s algorithm” written in Python (a
common algorithm used to find the “shortest” or “cheapest” path between
locations that ought to be connected) but no topographic details of the terrain
between points are considered. The exact location and electrification status of
each community to be connected must be defined upfront.

Licencing or open-access
framework

Open-source: Python-based tool.

Ease of use/User-friendliness
and accessibility

There is an online user interface and the code can be downloaded from
GitHub to create an offline version of the tool. Network Planner requires
the location of communities and their electrification status to be entered by
the modeller. It is therefore not user-friendly for developing electrification
plans, where small communities are scattered throughout a region or their
electrification status is unknown.

The potential to which models/
code is flexible and can be
altered or added to

The code is expected to be somewhat flexible and, as the model is opensource and can be adjusted or modified as desired, Python coding experience
is required, and specialised energy system modelling knowledge may also
be required. It is unknown as to how well the code is designed to have this
flexibility in mind. In theory, however, it is fully modifiable.

Demand representation
Ability to represent demand
spatially

Demand can be represented spatially according to population distributions,
but growth rates and demand types must be specified by the user.

Ability to include different
demand types with different
profiles

Different demand types can be included, for example, household demand,
demand for productive uses, commercial and public sector (e.g. hospitals).
The model also allows for thresholds to be specified to define the demand
characteristics of settlements of different sizes (e.g. larger settlements are likely
to have higher demand due to higher income and more activities such as
larger businesses or public facilities etc.) It is unclear exactly how this is done
and would require modelling and calibration by the users to define these
thresholds specifically for the country.

Ability to simulate urbanisation
and electrification rates

All communities/villages/populations need to be specifically included as
a separate dataset and their electrification status needs to be specified
upfront. Specific urbanisation rates and spatial growth patterns would need
to be specified by the user. This needs to be done by including an “urban/
rural threshold”, which defines the size requirement of a community to be
considered urban (if, for example, a community grows beyond this size in the
planning horizon, it can then be given a urban growth rate for the period
where it is larger).

Resource representation
Ability to represent resources
spatially

Network Planner allows resources to be represented spatially for stand-alone
technologies; the software does allow the spatial representation of peak sun
hours. Currently it does not include hydro, wind or biomass, without being
added by the modeller to the functionality (by including the detailed cost and
performance characteristics of those options).

Ability to represent profiles
for variable renewables in the
optimisation

Not included; only average “peak sun hours” calculated for each region.
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Solution space
Ability to include detailed
technology characteristics

This is currently not included in high detail and is simplified to be based on
cost data while using basic efficiencies and conversions.

Ability to consider solutions
at different scales: ability to
consider grid, mini-grid and
stand-alone electrification
options within the model

It does not optimise the expansion of the generation sources for the centralised
grid and assumes a fixed cost of generation specified by the user. It does not
perform hybrid optimisation of mini-grids and only includes diesel OR solar
home systems as options.

Ability to include “real-world”
constraints and limitations

It currently does not include terrain/topographical factors/penalties when
connecting communities to the central grid and connects clusters directly with
straight lines.

Ability to provide a timestep of
solutions

Not possible; only a single specific time in future is modelled (e.g. 2020 OR
2030, not both after each other).

Regional trade

No regional power pool integration.

Model size: ability to model all
of DRC spatially

Network Planner has been used to develop national electrification pathways
for Ghana (Kemausour, 2014); it thus appears it would be possible to use
Network Planner to develop an electrification plan for the DRC.

Results
Grid infrastructure requirements
and the level of investment

Included, but specifics of centralised grid generation expansion are not
included and are assumed externally. However, it does include details on
different voltage levels for grid investment.

Sub regional analysis of results

Can be applied from the community scale to national scale, dependent on
data.

Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

There is no large user community or effort being put in to developing the user
community. It appears that the code has not been updated in the past five
years.

Support for capacity building

It is unclear if training is available and software documentation is limited;
however, it is university-based and therefore it is likely that training could be
available on request.

3.4.2.4

GEOSIM (Geospatial Simulation)27

GEOSIM is a geospatial electrification planning software developed by IED (Innovation Energié
Développement) in France. It can be used at the scale of a territory or a country to identify least-cost solutions
for the electrification of an area. GEOSIM is composed of four interdependent modules: Spatial Analyst,
Demand Analyst, Network Options and Distributed Energy. GEOSIM is used by several organisations,
public authorities and institutions in Asia and Africa.
GEOSIM claims to have a user-friendly graphical user interface that simplifies the editing and management
of rural electrification planning results, and should not require prior coding or programming experience.
GEOSIM can be used for identifying development centres, grid extension and least-cost decentralised

27

https://www.ied-sa.fr/en/tools-and-training/our-tools/geosimgb.html
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projects using renewable energy sources. GEOSIM currently does not simulate hybrid mini-grids combining
multiple energy sources, and it is unknown if this is a priority for future addition.
GEOSIM is proprietary commercial software and starts at a cost of at least $10 600 for a licence per
module and between $850 and $1 925 per year for support and service. Training is available for using their
software for various levels of depth and course duration (3–10 days). The course is most likely available in
French and is currently offered in France, Cameroon, Burkina Faso and Cambodia, and can be offered at
the client’s premises. The 2017 course fees are quoted as €600 per day per person (https://www.ied-sa.
fr/images/Formations/en/Training_-_Catalogue_booklet.pdf).

3.4.2.5

REM (Reference Electrification Model)28

The Reference Electrification Model (REM) supports (1) large-scale electrification planning and (2) local
(smaller-scale) electrification projects. Data required to build REM models includes building locations, solar
irradiance, topography, grid extent and reliability, expected consumer demand, fuel costs, and infrastructure
costs. When building location data is not available, REM can provide inferences using satellite imagery.
After running a series of clustering and optimisation algorithms specifically designed for electrification
planning, REM selects the lowest-cost electrification mode for each individual customer (grid, microgrid,
isolated). It selects technologies and size components for generation and distribution, and produces system
cost and performance estimates.
REM does not currently openly support open data best-practices, and is not freely available as an opensource model — it is unlikely that this will change. Currently, the use of the software must be commissioned
directly through the MIT REM team. The operating system compatibility of REM is currently unknown (possibly
only one of Windows, Mac OR Linux).

3.4.3

Summary of model comparisons, gaps and solutions for geospatial
tools for distributed energy planning

The review of geospatial optimisation models was promising, discovering functionality already achievable
with established open-source tools. The tools adopt a similar framework to optimise the choice of grid
extension versus other stand-alone options. A summary of the main points in the consideration and final
choice of the geospatial tool to use in future phases are outlined below.
OnSSET
Key reasons for selection: OnSSET is open-source, customisable and capable of high spatial resolution
modelling at the national scale. Online visualisation platforms exist. OnSSET is supported and used by
international organisations. In-depth training is available, and the developers encourage the global
community of users and stakeholders to participate in extending its functionality.
Remaining challenges: There is no graphical user interface to enter data, perform model runs and visualise
results. The result is that inputting data, model customisation and setup require coding skills in Python.
OnSSET does not currently offer hybrid mini-grid optimisation, and does not allow a high time-resolution.
Grid expansion is still relatively simple and a separate model (such as OSEMOSYS) is needed to specify the

28

http://universalaccess.mit.edu/#/rem
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resources and capacities that would be added to the central grid to determine a grid-based electricity price.
There is no regional power-pool integration; however, this could be simulated through electricity prices.
RLI Geospatial electrification planning tool
Reasons for inclusion: The tool is open-source and can be combined with several RLI model modules to
allow grid and mini-grid optimisation. There are interactive online visualisation platforms. Development of
the tools is ongoing, and RLI are willing to help others in the use of their tools and to collaborate on projects.
Reasons for exclusion: The model offers attractive features, but it is difficult to use for non-experts. There
is no graphical user interface available for model inputs and setup. There is no training available, and the
model is not widely used.
Network Planner
Reasons for exclusion: Network Planner does not optimise the hybrid mini-grids or centralised grid
generation planning. It requires all population clusters and their electrification status to be provided,
requiring significant upfront effort, and therefore may not be suitable for high-resolution modelling
of a large country. It does not take terrain/land cover into account for grid expansion. There is limited
documentation and support for its development, and the extent to which future development of software is
supported is unknown. Training does not appear to be available.
Still potentially useful because: It offers an open-source, graphical user interface and viewer.
GEOSIM
Reasons for exclusion: GEOSIM is not open-source and operates in a “black-box” non-transparent way.
It is not customisable, and requires very expensive license fees. It allows limited inclusion of solar hybrid
mini-grids (however, other mini-grid options are available). Additional datasets/models will be needed
to determine population clusters and electrification status, and simulating/optimising over a very large
country like the DRC may be a challenge.
Reasons for potential further investigation and usefulness: It offers extensive functionality when including
all software modules and does not require programming/coding experience. It includes a graphical user
interface. Several training courses are available. If purchased with support subscription, then on-demand
support is available to users.
REM
Reasons for exclusion: REM is not open-source and does not comply with open-source best-practice.
No training is offered, and the tool does not appear to be available outside of MIT. It is computationally
intensive and might not scale well to cover a large country like the DRC. No hybrid mini-grid optimisation
is included, and no centralised or regional grid generation power plant expansion is modelled (only the
grid itself).
Still useful for: REM uses satellite imagery processing for endogenous estimates of building locations, and
provides detailed network designs.
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3.5 Descriptions and comparisons of centralised
planning energy optimisation models
3.5.1

Centralised model overview

Basic structure
Centralised energy systems models either optimise the supply side, i.e. the size and type of plants supplying
electricity over the grid, or both the demand and supply side. Those that optimise both the demand and
supply side begin with useful energy service needs (e.g. lighting, heating, etc.) for households, industries and
other users. The demand for electricity or other fuels is then optimised based on the demand technologies
available to supply the energy service, with each demand technology assigned efficiencies and costs which
influence the optimisation. These models also optimise the supply-side technology mix, but tend to have
less temporal detail than those models that focus only on the supply-side optimisation. Temporal detail is
important, as the supply-side optimisation must provide a system that is able to supply electricity at the time
in which it is needed. For example, whereas wind may be the cheapest technology, a combination of wind
and other technologies may be needed to meet the demand at times when wind cannot supply electricity.
The advantage of models that consider both demand and supply, and can include all fuels, is that the
entire system can be optimised and the demand for electricity and the time of use profile for electricity can
change, based on the demand-side optimisation.
The typical structure of an optimisation model that can optimise both the demand and supply side is shown
in Figure 3.2. Beginning on the supply side (left), energy sources are transformed into electricity and other
fuels by the supply-side technologies. Electricity and other fuels supply demand or the demand for energy
services. Where models optimise the supply side only, the demand for electricity can still be represented for
different sectors or energy services, but the demand-side technologies will not be included in the model;
thus demand for electricity or other fuels is included in terms of the final energy demand seen by the grid
or supply network.
Constraints can be applied to any part of the system, for example, limit the amount of hydro in total or
mimic specific plant sizes that could be built; specify the share of a particular technology in the mix, or
specify an upper or lower limit for specific technologies in the mix.
Storage and the temporal resolution of these models is an important feature. Storage is needed to mimic
the behaviour of dams in the system, as well as pumped storage or battery systems. A high-temporal
resolution allows the availability of resources to be modelled, as well as the demand profile. This allows the
system optimisation to include a reserve margin, ensuring that there are no shortfalls in supply, as well as
the system adequacy to be assessed over the year. For example, there may be higher demand for energy
services in winter than in summer, or a higher demand in the evening. This needs to be taken into account
in the system design. Similarly, there may not be as much sun in the winter as in the summer, and therefore
the system capacity may not be sufficient to supply demand in the winter if time periods are not considered.
Models that optimise both the demand and supply side are OSeMOSYS, TIMES, MESSAGE, TEMOA and
Calliope. Models that only optimise supply are, for example, RESOLVE, SWITCH, PYPSA and PLEXOS.
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Figure 3.2 Typical structure of an optimisation model
Source: UCT

The table below provides an overview of common functionality which is generally applicable to
centralised models.

Spatial scale

Optimisation of a single node supply network or mini-grid system at the
regional, national or local scale.

Demand representation
Ability to represent demand
spatially

A degree of spatial representation is possible by representing trade between
regions, but demand is not represented spatially within regions.

Ability to include different
demand types with different
profiles

Models that allow demand optimisation are completely flexible in their
representation of the energy system in terms of fuels, technologies, resources
and constraints within the model. For example, in Figure 3.2, the inclusion of
fuels, energy services and the technologies supplying those services will be
based on the components, needs and constraints of the energy system that
is being analysed. In addition, the model components can be adjusted, for
example, where no hydro is possible, that option will be excluded, or where
demand-side optimisation is not required, it can be excluded. Typically, the
degree to which demand-side components are included is a design choice
based on the amount of data available to the modeller.

Ability to simulate urbanisation
and electrification rates

Urbanisation rates and electrification rates can be simulated. They are an
input to the model and will change either the electricity demand seen by the
model, if it is a supply-side model, or the useful energy service levels seen by
the model, if demand optimisation is included.
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Spatial scale

Optimisation of a single node supply network or mini-grid system at the
regional, national or local scale.

Resource representation
Ability to represent resources
spatially

It is possible to include RE technologies with a range of availability profiles to
mimic renewable energy resource availability in different regions, but a high
degree of spatial resolution is typically not possible. It is also not possible to
associate a particular profile with a particular place geographically. As these
models are typically developed as a single node or collection of nodes if there
is trade between regions, the transmission and distribution networks within
each node see an aggregate loss over that system. Transmission losses cannot
be matched to demand centres and therefore transmission losses or grid costs
can be over- or understated.

Ability to represent profiles
for variable renewables in the
optimisation

All the optimisation models include the ability to represent demand and
supply profiles within the model; however, the degree to which profiles can be
represented, i.e. the fineness of the profiles, is software dependent.

Solution space
Ability to include detailed
technology characteristics

A high degree of technology detail is possible to mimic the way technologies
would be used in reality in the system. All technologies can be represented
in terms of their efficiency, availability, capacity, operation and maintenance
costs, etc.

Ability to consider solutions
at different scales: ability to
consider grid network, minigrids or standalone systems

Stand-alone systems can be included, but not spatially and not for individual
households. The choice of stand-alone vs mini-grid vs grid is therefore based
purely on system costs and not on spatial attributes that would affect the
choice, such as the number of households in a community, or household
anticipated demand profile. This would have to be done outside of the model.

Ability to include “real-world”
constraints and limitations

Constraints can be applied within the model to mimic real-world constraints.
Constraints can be applied to the share of technologies, the maximum or
minimum capacity of technologies, the amount a technology is used, etc.

Ability to provide a timestep of
solutions

The models can be applied across a range of scales and timeframes (local,
national, regional). Typically, these models are applied in the medium to long
term, i.e. over a 20- to 50-year horizon.

Regional trade

Trade between “regions” allows the system to take advantage of the
strengths in terms of available resources in each region. However, each
region is represented as a single node and therefore transmission losses and
transmission line lengths between regions are aggregate.

Results
Spatial solutions for
electrification

Not possible within this framework.

Technology solutions for grid,
off-grid and stand-alone
systems

These models can be applied to national, regional and local systems.
Therefore, they can be used for grid or mini-grid system optimisation,
although some are more suited to mini-grid optimisation than others. They
cannot be used to trade off-grid extension versus mini-grid systems, or standalone systems based on geographic realities or constraints.

Infrastructure needed and the
level of investment at different
points in time

Investment in generating capacity at different points of time is an output of the
model, but not grid infrastructure as the model is a single region model.

Sub regional analysis of results

Can be applied across a range of scales and timeframes (local, national,
regional). Analysis is only possible at the scale of the model. As the model
is a single node model if a sub-regional model is built, then analysis is only
possible at that scale. If a national model is built, then solutions are only
possible at the national scale.
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The review which follows covers models that are widely used and were considered suitable for centralised
electricity system planning for the DRC. The models will be discussed in terms of their developer and
licensing requirements, underlying software, usability and user interface, user community and training
available, with links to where additional information about the tools can be found.

3.5.1.1

The Open Source energy Modelling SYStem (OSeMOSYS)29

Currently KTH are the host of the platform through the OPTIMUS community (http://www.optimus.community).
OSeMOSYS is the basis for The Electricity Model Base for Africa (TEMBA). TEMBA is a multi-region
application of OSeMOSYS in which electricity supply systems and transmission links between supply regions
are represented explicitly.

General
Licencing

OSeMOSYS was originally developed in GNU-MathProg, an open-source
mathematical programming language, using GLPK as the solver. It is also
possible to use CPLEX as a solver, although CPLEX is a commercial solver and
requires licencing. Versions of OSeMOSYS are also available in GAMS and
Python. GAMS requires a licence for models over a certain size.

Ease of use/User-friendliness
and accessibility

Two interfaces are available for OSeMOSYS. The Model Management
Infrastructure (MoManl30) is an open-source interface in which models can
be created and results can be visualised. It is available in a desktop or online
version.

The potential to which models/
code is flexible and can be
altered or added to

OSeMOSYS was developed specifically to make the underlying code easy to
understand and accessible to users, to encourage widespread use. As a result,
the equations that depict relationships between components of the energy
system in the OSeMOSYS code are easier to interpret and can be adjusted
or added to as needs arise. The code is divided into blocks to allow for easy
interpretation and alterations or additions by users.

Model size

Model size was initially limited due to the time needed to initialise and solve
a model run. The processing time has decreased significantly in recent years
and OSeMOSYS is now able to generate a model run and solve fairly quickly.
Commercial solvers can also be used to allow a larger model size.

29

http://www.osemosys.org

30

https://osemosys.momaniweb.com/#/models
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Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

There is a community of OSeMOSYS users that are active in code
development. Many of the users are students that use the tool for a wide array
of analysis. For more information see http://www.optimus.community. An
OseMOSYS newsletter provides interested parties with information on model
updates, available training and other matters. Steering committee meetings
are held annually, allowing OSeMOSYS users and developers an opportunity
to discuss the future and further development of the tool.

Support for capacity building

A user manual, video instructions and training model examples are available
for OSeMOSYS. Training sessions for OSeMOSYS are available during the
Summer School on Modelling Tools for Sustainable Development; however,
the training in 2020 has been cancelled due to Covid-19. Training events are
supported by a number of institutions and universities, including the World
Bank. The community is also active in establishing regional training centres;
most recently a new course in energy systems analysis was established at the
University of Sierra Leone.

3.5.1.2

The Integrated MARKAL EFOM System (MARKAL/TIMES)31

TIMES is hosted by an International Energy Agencies Technology development programme, ETSAP (Energy
Technology System Analysis Programme).
There are numerous examples of applications of TIMES to energy system planning, covering a wide range
of and policy analysis at local, national and regional and global scale.

31

https://iea-etsap.org/index.php/etsap-tools/model-generators/times
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General
Licencing or open-access
framework

TIMES is written in the General Algebraic Modelling System (GAMS) (https://
www.gams.com). The GAMS solvers (SIMPLEX, CPLEX) require a licence;
therefore, while TIMES itself does not require a licence, it cannot be used
without purchasing a GAMS licence. A version of TIMES is also available as
open-source using GNU.

Ease of use/User-friendliness
and accessibility

TIMES has two user interfaces. VEDA (front end and back end) and ANSWER.
Both VEDA and ANSWER require licences. VEDA is an Excel-based platform,
whereas ANSWER is a visual basic user interface. The ANSWER interface
allows all model data to be loaded into the ANSWER interface directly or from
Excel. While it is possible to produce pivot tables and results graphics in VEDA,
ANSWER only displays results in tables. The interfaces are relatively easy to
use once you understand the parameters and model functioning. The ANSWER
interface will also prompt the user for missing information, for example, where
the input or output of a process is not specified.

The potential to which models/
code is flexible and can be
altered or added to

The TIMES code is explained in detail in the user manual “Documentation for
the TIMES Model: Part II” (https://iea-etsap.org/docs/Documentation_for_
the_TIMES_Model-Part-II_July-2016.pdf). The TIMES source code is available
at https://github.com/etsap-TIMES/TIMES_model. While the code is available
and there are no restrictions to altering it, it is generally not possible to adapt
the code unless you are an advanced user. As a result, the community of
contributors to code development is small.

Model size

The TIMES model is flexible in terms of the representation of the energy
system, and can easily cope with a large model size. Programming in GAMS
allows efficient conversion of matrices, reducing model run time.

Support for further development and training
Support of the larger
community in further
development and application of
the tool if necessary

TIMES is amongst the most widely used model generators. There are
currently 63 countries where TIMES is used. ETSAP, which hosts TIMES, is
an international programme receiving funding from contracting parties
around the world. The funding is used to support the maintenance and
development of the software, including development to advance features as
well as development of user interfaces and data. ETSAP also supports model
documentation and training programmes on both the model and the user
interfaces. More information about ETSAP, and the ETSAP community can be
found here: https://iea-etsap.org/index.php/community/official-documents.
ETSAP hosts bi-annual meetings to discuss further code development and
provide a platform for model users and developers to share experiences and
research.

Support for capacity building

Training on the VEDA interface and TIMES is available bi-annually at the
ETSAP meetings. Detailed training manuals on both the software (explaining
equations etc.) and user interfaces are also available from the ETSAP website,
along with training examples.
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3.5.1.3

The Model for Energy Supply Strategy Alternatives and their General
Environmental Impacts (MESSAGE)32

MESSAGE was developed by the International Institute for Applied Systems Analysis (IIASA). MESSAGE
is currently hosted and supported by the International Atomic Energy Agency, as part of their suite of
modelling tools available to member states.
IRENA has developed power pool models for Africa using MESSAGE. The models optimise electricity
generation technology choices based on regional opportunities and demand, rather than relying solely on
what is available within a single country.

General
Licencing or open-access
framework

MESSAGE is written in C, and can be used with a number of solvers including
GLPK, CPLEX, CBC, CLP. The IAEA and IIASA are developing a new version of
MESSAGE that will be GAMS based.
MESSAGE documentation can be found at https://www-pub.iaea.org/MTCD/
Publications/PDF/Pub1718_web.pdf

Ease of use/User-friendliness
and accessibility

Models are built through a user interface, which is relatively easy to use. The
interface allows the entry of data as well as the tabular or graphic display of
results. The interface is more suited to the building of smaller models and
does not easily interface with Excel. It is possible to interface with Excel when
larger models are built, but it requires the involvement of people familiar
with MESSAGE as the interface must be custom-built according to the model
functionality.

The potential to which models/
code is flexible and can be
altered or added to

It is not possible to alter the code in the current version and there has been
very little development of the current version in recent years.

Model size

The MESSAGE model is flexible in terms of the representation of the energy
system, but struggles to cope with a large model size.

Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

MESSAGE is supported by the IAEA. IRENA is also active in supporting
development and application of the tool. However, MESSAGE development is
currently limited.

Support for capacity building

The IAEA supports member states in the development of energy systems
models through in-country training programmes, and funding of small
research projects and internships.
IRENA is also active in funding the development of MESSAGE models for Africa
and interfaces and hosts training on MESSAGE.

3.5.1.4

Calliope (CI)33

Calliope is developed and maintained primarily by ETH University in Zurich, Switzerland.

32

https://www.iaea.org/topics/energy-planning/energy-modelling-tools

33

https://www.callio.pe/
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Calliope has been used in several countries, as well as small districts/cities, and in African contexts, models
have been openly published for South Africa and Kenya.
Calliope has flexible time and spatial resolution but focuses on time-resolution aspects (e.g. many years of
high-resolution demand, solar and wind data) with moderate inclusion of spatial detail (typically splitting
a country into provinces or states with limited links between each, e.g. 5 to 30 zones/nodes). This could
make it suitable for national or regional scale modelling; however, it is not designed for very high spatial
resolution electrification planning with thousands or tens of thousands of clusters/communities.

General
Licencing or open-access
framework

Calliope is a Python-based optimisation framework and can be used with a
number of solvers, including GLPK, CBC as free solvers or CPLEX and Gurobi,
which are licenced solvers.

Ease of use/User-friendliness
and accessibility

Its main differentiating feature is a claim to simplicity of model set-up, data
inputs, and interactive visualisation of results.
It does not currently include an easy graphical interface for non-programmers
to manipulate the model functions or inputs, but preconfigured and packaged
models can be run by a user without Python.

The potential to which models/
code is flexible and can be
altered or added to

It is possible to add and adjust the code, but requires competency in Python.

Model size

Calliope is flexible in terms of model size and is capable of including a
number of different regions.

Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

Development is actively supported by computer science developers across the
world. It has a growing and passionate community of users and contributors,
and is a good example of a well-run open-source project.

Support for capacity building

The available online documentation, training materials and tutorials are
some of the best online resources available for open-source software, and
for anyone with good Python skills it is easy to pick up. However, a complete
“Calliope competency” training/certification is not yet known to exist, but
introductions/tutorials are available at annual or bi-annual meetings.

3.5.1.5

Tools for energy modelling optimisation and analysis (TEMOA)34

TEMOA was developed by the North Carolina State University.

34

https://temoacloud.com/about/
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General
Licencing or open-access
framework

TEMOA uses a Python-based optimisation framework (Pyomo). TEMOA can be
run with the free solvers GLPK and CBC. It can also be run using CPLEX and
Gurobi, which are commercial solvers and are more suited to large datasets.
The source code is licenced under GPLv2.

Ease of use/User-friendliness
and accessibility

There is no user interface to enter data. Data is either entered by formatted
text file, or for larger models through the SQLite Database system. Model
results are stored in a separate database. Graphviz can be used to create
interactive energy systems maps from the TEMOA input data. These can also
be used to display capacity and activity results. Data plots are also possible;
however, these must be generated by entering commands. There is no easy
way to select and produce results plots through an interface.

The potential to which models/
code is flexible and can be
altered or added to

It is possible to add and adjust the code, but it requires competency in Python.

Model size

Larger model sizes can be accommodated by using licenced solvers. There are
no restrictions to model size other than the time taken to run the model.

Support for further development and training
Support of larger community
in further development and
application of the tool if
necessary

Development has support but resides primarily at the University of North
Carolina. Applications outside of this university are limited, but as the software
is fairly new, it is expected that its use will expand over time.

Support for capacity building

Online documentation, training materials and tutorials are available.
Knowledge of Python is required to run the model. Capacity building is also
supported through the university courses; however, there is no public training
available.

3.5.2

Summary of model comparisons, gaps and solutions for centralised
models

Many of the tools for central energy planning are similar in terms of their underlying mathematical
descriptions of the energy system. However, they differ in terms of their usability, ease of data entry, speed
of solving, training offered, the extent of the user community and the continued support for the development
of the tools.
While TIMES is the most advanced and has significant funding for further development and training, as
well as well-developed and maintained user interfaces, it is not considered to be suitable for this project
due to the inaccessibility of the code to the average and even advanced user. Using TIMES as the modelling
platform would also require substantial licence fees unless custom user interfaces were developed.
MESSAGE is also not considered suitable due to the difficulty accessing and altering the code. Although
MESSAGE receives widespread support for training activities and has been used to develop several models
for African countries, development of the tool and interfaces has largely stagnated in recent years.
The open-source tools that offer both supply and demand-side optimisation, allow development by anyone
and are open-source, are OSeMOSYS, Calliope and TEMOA. Any one of these models would be suitable
for this project. OSeMOSYS is proposed for the centralised energy system due to its focus on building a user
community, its extensive use in Africa, the training programmes available and because it is also housed
within KTH, which simplifies the model development partnership.
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3.6 Models specifically suited to mini-grid optimisation
Mini-grid optimisation tools analyse combinations of several different complementary energy technologies
to optimise the hybrid mini-grid systems (e.g. solar, batteries, diesel, wind, hydro, etc). Similar to the
centralised modelling tools, any one of several mini-grid models available could be used for the minigrid optimisation as they require similar data and allow similar consideration of the technologies, profiles
and resources. The models differ primarily in the solver used, their ease of use and support, licencing
requirements and underlying software. Examples of suitable mini-grid optimisation software are HOMER
and MicrOgridS. Of these, HOMER enjoys the most widespread use.
HOMER (Hybrid Optimisation of Multiple Energy Resources) was originally created at NREL (National
Renewable Energy Laboratory) in the USA and is now developed and sold by HOMER Energy LLC, recently
acquired by UL (Underwriters Laboratories) and available at: https://www.homerenergy.com/. HOMER is
proprietary commercial software and requires an annual subscription fee of $500/year for each user for
a standard non-academic package, and useful add-ons cost up to $1 250/year each (cheaper academic
and student packages are available, but the only free option is a 21-day trial). HOMER only works on
Windows (Mac and Linux currently unsupported).
HOMER is considered by some as the “industry gold standard” for early feasibility studies in optimising
mini-grid sizes and configurations; several competitors and open-source alternatives often benchmark their
own software’s performance by comparing results with HOMER. It has a very fine time resolution (hours
to minutes, typically for a full year) but no spatial resolution as currently it does not link to a geospatial
tool to evaluate mini-grids across a wide area. It does not include the optimisation of a centralised grid
expansion option, but includes a simplified “breakeven distance from closest grid connection point”, based
on the cost of energy from the grid and the cost of extending the MV grid per kilometre. It could be used to
evaluate stand-alone household systems but was not originally designed for this. HOMER has a graphical
user interface and training is available.
The RLI tool MicrOgridS is an open-source tool developed under the Open Energy Modelling Framework.
As such, development is embedded in the Open Energy Modelling Initiative. It is a Python-based tool,
which can be used to optimally size system components and dispatch power flows. The system objective is
to minimise the cost of supplying electricity.

3.7 Model framework proposed for Phase 2
The model framework proposed for exploring electrification pathways in the DRC in Phase 2 and 3 will
have five components. These are:
1. A central planning tool, to allow the optimisation of the future technology mix supplying the
grid-based network in the DRC as it expands,
2. A geospatial optimisation tool, to carry out a detailed spatial analysis of optimal electrification
pathways for supplying households throughout DRC with electricity,
3. A household demand model, to develop consumption estimates for households and
demand projections,
4. A mini-grid model, to provide a realistic estimate of the cost of supplying communities in
the DRC through mini-grids, and
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5. A visualisation tool, to allow a wide range of interested parties access to the underlying data
and scenario results.
Each component, and how they combine to create the data needed for the visualisation tool, is further
discussed below.

3.7.1

The centralised planning model and tools

Figure 3.3 below shows the components and input requirements of the centralised optimisation model
(OSeMOSYS). Although the diagram presents OSeMOSYS as the model to be used, these requirements are
the same for most of the centralised models discussed in the previous section, i.e. they would be the same
for TIMES, MESSAGE, CALLIOPE or TEMOA.
The output of the centralised planning tool is an expansion plan showing the optimal mix of technologies
for supplying electricity to the DRC through the national grid. The expansion plan is created by allowing the
model to choose from a variety of hydro, RE and other technologies. Technologies will be added to the mix
over time to supply an expected future demand for electricity. The future demand for electricity will change
according to the scenario being analysed.
Beginning with demand, setting up the OSeMOSYS model will require developing a base year energy
demand balance, an estimate of the load profile of that demand, i.e. the time of the day the system will see
the electricity demand, and demand projections for the scenarios being analysed. The base year electricity
consumption (energy balance) must match current consumption levels in the DRC.
Projections of electricity consumption over time will be developed using the household demand model,
estimates for productive uses of electricity by households, as well as electricity use in other sectors. The
demand model will be used to estimate likely electricity consumption levels for households based on
energy service levels within households. Demand estimates over time can be informed by policy objectives,
estimates of grid-based electrification rates over time, urbanisation, GDP and population growth. A first
pass grid extension estimate will also be drawn from initial runs of OnSSET.
In order to characterise the resources available, a profile for the availability of wind, solar and hydro
resources in the DRC will be developed. This profile is used in the model to determine the availability of
wind and other resources at different times of the day or year. As the DRC is a large country, it may be
necessary to develop more than one profile for wind and solar to be used in the model, particularly if
there are large variations in the profile of these resources across the country. The work will focus on where
resources are the most promising.
Imports and exports allow the DRC to import or export electricity and other fuels. These can be a specific
quantity if agreements are already in place, or at a price per unit if they are to form part of the optimisation.
For each plant in the model, the characterisation must include fuel used, efficiency (%), maximum unit
size (MW), availability factor (%), expected plant life (Years), lead time (Years), capital cost ($/kW), fixed
operation and maintenance costs ($/kW), and variable operation and maintenance costs ($/kWh). Where
technology costs are uncertain, the model can be used to conduct a sensitivity analysis, to ascertain how
sensitive the results are to the costs or other parameters, of a particular technology or technologies.
The initial development and testing of the OSeMOSYS model will be completed without an OnSSET link.
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Figure 3.3 Components of the centralised energy system optimisation model envisaged for Phase 2
Source: UCT

3.7.2

Geospatial electrification model and tools

This section provides a brief overview of OnSSET. A large part of the modelling effort in Phase 2 will
go towards populating and running the OnSSET model and its further development in increasing the
functionality and suitability for the DRC. Chapter 4 covers this model in detail and presents an example of
the initial application of OnSSET in the DRC that was carried out in Phase 1 of this project.
The geospatial electrification tool is used to compare the viability of grid, mini-grid and stand-alone systems
as alternatives to supplying electricity to communities that are currently unelectrified in the DRC. Figure 3.4
shows the components and input requirements of the geospatial electrification model proposed for Phase
2 (OnSSET).
OnSSET requires as input: geospatial, information on demand, resources, infrastructure and economic
activity. This information is stored in GIS layers according to a high-resolution spatial grid of cells/points
mapped throughout the country. The cost of generating electricity is calculated for each cell, based on an
estimate of the likely future consumption level and demand profile in that cell, transmission and distribution
network requirements, energy resources and the levelised of generating electricity35 using different
technology options. The optimisation of the choice to use grid extension, mini-grids or stand-alone systems
for electrification is based on the cost of generating and transmitting electricity over the grid, compared to
that of supplying electricity through the off-grid or mini-grid technologies. Constraints are imposed on the
length of the MV grid, in order to reflect real-world operating conditions. The algorithm stores the length

35

The levelised cost considers capital, fixed and variable operation and maintenance costs, the availability of the technology to
produce electricity over the year, and the discount rate.
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of the MV lines between settlements. When these lines are extended, the costs associated with the extension
are included in the optimisation.
The initial development and testing of OnSSET will be completed without the OSeMOSYS link. Both
OSeMOSYS and OnSSET can therefore be run independently in the future or as a linked centralisedgeospatial optimisation model.

Demand

Scenarios
• Population
growth
• Target usage
• Urbanisation
• Etc.

• Night light
data
• Electrified or
unelectrified
• Population
density
Resources
• Solar
• Hydro
• Wind

Electrification
Technology
selection
Mini-grid,
grid extension
or standalone
Cost of
supplying
electricity

Technology data
Grid electricity

Figure 3.4 Components of the geospatial optimisation model envisaged for Phase 2
Source: UCT

3.7.3

Model upgrades and further development of OnSSET and
OSeMOSYS

Chapter four highlighted several issues that were identified as problematic in the DRC OnSSET model
developed in Phase 1. These were primarily related to estimates of grid placement and grid costs and the
inability to include an optimised technology mix for supplying electricity through either the grid or hybrid
mini-grids in the OnSSET electrification solution. Model upgrades are needed to address these important
challenges.
The model upgrades that could considerably improve the current model results are as follows:
■

Improving the grid extension algorithms in OnSSET — Improved routing of network

■

Optimising mini-grid solutions

■

Linking mini- and micro-grid networks to form new interconnected local grids in OnSSET

■

Linking centralised DRC grid electrification model and OnSSET

■

Linking the centralised DRC grid electrification model to the regional grid network

Each of these is described further below.
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Improving the grid extension algorithms in OnSSET—Improved routing of network
The grid extension network in OnSSET currently connects settlements using “straight lines”. The grid extension
algorithm can be improved to follow a more likely route, considering terrain, elevation, road network etc.
This will also allow the exclusion of zones where the grid extension is not possible. The algorithms can build
and expand on existing work from RLI (https://openegoproject.wordpress.com/partners/) and Facebook
(https://github.com/facebookresearch/many-to-many-dijkstra).
The grid extension could be implemented as a post-processing of the results. For example, after running a
scenario, a grid extension module could be run to examine the routing of the lines and calibrate the costs
of grid-extension. The costs can be compared with those used in OnSSET and the lines can be visualized
in the visualisation platform.
Optimising mini-grid solutions
As OnSSET does not optimise the technology mix in mini-grids, the RLI MicrOgridS model can be used
for this purpose. This will allow a more accurate estimate of the actual cost and reliability of mini-grids
selected for electrification in the DRC. Mini-grid models are similar to centralised models in terms of their
data needs and methodology.
Linking mini- and micro-grid networks to form new interconnected local grids
The OnSSET tool now allows the analysis to be run over “time-steps”, e.g. from 2020–2025 and then from
2025–2030. The electrification technology is allowed to change between these time-steps, i.e. a settlement
can be selected for a PV mini-grid by 2025 and then connected to the (regional) grid by 2030. If the gridexpansion is limited in the first time-step, leading to many mini-grids that are later connected to the grid,
this could potentially have an effect on the grid network (as significant quantities of solar PV and hydro
generation are added, as well as batteries).
The linking of mini- and micro-grid networks in OnSSET is needed to allow isolated mini or microgrids to
connect to create new larger grids over time, in order to build on infrastructure as electrification expands
and electricity use increases. There are many areas in the DRC that are located far from the three existing
grid networks, that are suitable locations for mini-grids and where a range of technologies including
hydro could supply electricity. Over time these could be connected to form larger grids which will improve
reliability, cost, and resource sharing/energy trading for example. Also, these could potentially tap into
larger hydro power sites compared to what is economic separately.
Linking Centralised DRC model and OnSSET
The geospatial model and centralised model can be developed to run separately, but they will also be
linked to form a hybrid model. The reason for linking them is to allow results from one model to be
transferred as inputs to the other model. Specifically, results related to grid prices (from OSeMOSYS) and
likely grid demand (from OnSSET) will be transferred between the models to improve the reliability of the
results of each.
Currently OnSSET is not able to optimise the technology mix for grid expansion; for example, it cannot
optimise whether the technologies used to provide electricity through the grid should be hydro, wind, solar,
etc. An output of the OSeMOSYS model is a least-cost expansion plan, showing the optimal technology
mix to supply electricity through the extension of the national grid. OSeMOSYS is able to take advantage
of larger plants, which may help to reduce costs in the optimisation of the central supply system, while
OnSSET, a high-resolution geospatial optimisation model, will allow optimisation of electrification options
in addition to the grid-based network.
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As OnSSET does not have the functionality needed to optimise the technologies used for the grid-based
supply of electricity, but needs an estimate for the price of electricity supplied by the grid for its optimisation
of electrification pathways (either through the grid, or through other decentralised options), OSeMOSYS
will be used to generate an estimate of the electricity price per unit of electricity generated, based on its
optimisation of the grid-based supply network. The unit price for grid-based electricity will be passed to
OnSSET to provide OnSSET with a more realistic price range for the unit cost of electricity supplied by the
national grid.
The output of OnSSET is a least-cost plan for electricity supply through either grid extension, stand-alone
systems or mini-grids. OnSSET will therefore be used to spatially explore the optimum scale of each supply
solution (grid, mini-grid or stand-alone) for the DRC at different points in time. The quantity of electricity needed
to supply communities, which are electrified by OnSSET through the grid, will be passed back to OSeMOSYS
for a second round of analysis. This swapping of information will continue until equilibrium is reached.
The framework proposed for the linked model is shown in Figure 3.5 below. Data that is common to both
models are certain technology data, resource data, and the basis for estimating household demand for
electricity and other productive uses and demand profiles. Although there are common underlying data
needs, the format in which each model requires the data as input is different. OSeMOSYS requires data in
a more aggregate format, whereas OnSSET requires a high level of spatial disaggregation.
Initial runs of OnSSET can use a range of grid cost estimates, to establish a realistic first pass estimate of
demand to be supplied by the grid within OSeMOSYS.

Model Input
Resources data,
Technology data,
demand data,
system data such
as constraints

Household demand estimates, technology data
Grid based demand for electricity
OSeMOSYS
Partial equilibrium
linear optimisation
model

Model output
Capacity expansion
plan for centralised
supply,
Estimate of the cost of
generating electricity

Model output
Geo-spatial
Electrification plan
for DRC as a mix of
grid, mini-grid and
standalone systems

Model Input
Geo-spatial data
covering
Resource data,
technology data
Population and
demand data,
other geospatial
data related to
infrastructure
terrain etc

OnSSET
GIS based
optimisation tool
Grid based electricity costs

Figure 3.5 The envisaged linking of the OSeMOSYS and OnSSET model
Source: UCT

Linking the DRC Centralised model to the regional grid
OSeMOSYS allows for trade of electricity between the DRC and neighbouring countries in regional African
power pools. Trade can be simulated or optimised, simulating would require a bound to be set on imports
and exports of electricity, optimisation allows the DRC model to choose whether to import electricity based
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on the cost. Trade between countries can have the advantage of lowering the cost of electricity while at the
same time enhancing regional cooperation and grid reliability.

3.7.4

Geospatial household demand model

The output of the household demand model will be used as input for both OnSSET and OSeMOSYS. The
output of the demand model will provide, as a first step, estimates of household energy consumption,
and estimates of load profiles for electricity use, at different levels of appliance ownership. As a second
step, these estimates will be scaled to provide input for the models. Scaling will be based on households
identified in different “cells”, “cells” being the small area resolution in OnSSET, and the characteristics of
the households found in those cells (such as household size and income), as well as the characteristics of
the area in which they are found.
The household electricity load profiles will be developed to allow a detailed temporal disaggregation
of daily household electricity demand. For example, they could be developed to represent an average
daily profile at hourly resolution or half-hourly resolution. The profiles developed could be assumed to
be repeated throughout the year, or they could show an average winter and summer daily profile. The
degree to which the profiles are disaggregated, i.e. the number of individual time periods used, will
draw on what is seen in the survey data, and the appliance ownership levels being modelled. A coarse
resolution of e.g. 1-hour time intervals, could lead to an overestimation of consumption (kWh), or an
underestimate of demand (kW). For example, if an appliance uses 1 kWh of electricity in the day, this
equates to a consumption of 1 kW over 1 hour, or 2 kW over half an hour. In the former, it may understate
the capacity needed to supply the demand; in the latter, it may overstate the amount of energy that needs
to be supplied. A challenge in the development of the demand model will be to overcome challenges like
these, as they present themselves.
It is anticipated that the demand profiles will be developed using a method similar to that developed
by RLI and discussed in the paper Overcoming the Bottleneck of Unreliable Grids: Increasing Reliability
of Household Supply with Decentralized Backup Systems (Hoffman et al., 2020) or a similar method
will be applied to developing the demand profiles. This method combines the aggregate of a stochastic
(random) representation of whether appliances are on or off at different periods of the day, and a checking
function to determine that appliances are not turning on at times when they would not be used. The binary
determination of whether appliances are on or off, relies on how often appliances are turned on in a day
or a week, and the duration of each of these events or the assumed time period over which the appliance
runs, which total the number of hours appliances are assumed to be running every day.
In the demand model, ownership of appliances determines demand levels, and the duration of appliance
use determines the consumption. The survey, as well as literature reviews, can be used to provide estimates
of likely appliance ownership rates over the years after electrification and their frequency or duration of
use. Demand levels modelled will be informed by appliance efficiency estimates, including whether AC or
DC appliances are being used.
The demand levels must also be able to represent changes to demand over time, for example, if household
circumstances change, or appliances change (e.g. households switch to more efficient lighting).
For enterprises, secondary data will be used to determine typical enterprise types located in villages across the
DRC. The identified enterprise types will be linked with appliance utilisation rates and time of use estimates
based on best available literature. These estimates will serve as inputs for the stochastic load estimation.
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Following characteristic load profile analysis, village composition in terms of the share of residential (low
and high wealth group), commercial, productive and public loads will be estimated based on secondary
data. This customer composition will then be used alongside the characteristic load profiles to establish an
overall estimated village load curve. This process will be conducted for all villages across the DRC.
The demand uncertainties will be assessed in terms of the level of confidence in demand estimation across villages
of different sizes and in different regions. The uncertainty analysis will provide evidence whether further survey
data needs to be gathered and give an indication of the cost-benefit with respect to accuracy improvements.

3.7.5

Visualisation tool

The results of running the modelling tools above will be displayed in a visualisation tool. This tool will
be used to display both the data inputs used to run the models, the best electrification solutions under
pre-run scenarios decided collectively with the local stakeholders. Key criteria in the development of the
visualisation tool are that:
1. It is interactive to allow scenario formulation by the user
2. It does not require extensive computational resources (i.e. RAM memory, internet)
3. It displays the results in a way that is visually appealing and easy to interpret
4. Results and data can be easily downloaded
5. Its maintenance is manageable for DRC partners in the future once they received the
necessary capacity building for this
To ensure this will require:
■

■

■

Development of a tool capable of pulling results from a database based on the input
parameters chosen by the user
Rounds of discussions with stakeholders to explain the modelling tools used to develop
the results and the data underpinning the model and the data sources, and to identify any
limitations that should be considered when interpreting the results
Many runs across an array of input parameters.

To guarantee criterium 3, a benchmark analysis of platforms used to display geo-spatial scenario results
was undertaken during Phase 1. It was decided that the development of the visualisation tool will draw
mainly on components from the World Bank’s Global Electrification Platform and RLI’s Nigeria Rural
Electrification Plans.

3.8 Consultations with potential project partners
Prior to commencing Phase 1 of the project, the following potential project partners were identified through
pre-scoping:
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■

KTH-dESA and RLI were identified as potential partners for modelling energy systems and
demand analysis, based on their being leaders in the field in the development of opensource tools to plan for electrification and the application of these tools in Africa.
X

X

KTH Royal Institute of Technology in Stockholm; division of Energy Systems Analysis
https://www.kth.se/en/itm/inst/energiteknik/forskning/desa/desa-news
Reiner Lemoine Institute in Berlin (https://reiner-lemoine-institut.de/en/research-fields/
off-grid-systems/)

A brief discussion of each institution follows.

3.8.1

Overview of RLI and KTH-dESA

The Reiner Lemoine Institut (RLI) uses several modelling tools to conduct tailored electrification analyses,
which often include OEMOF, as well as custom model code for individual projects.
Researchers are qualified academics and professionals in the fields of:
■

Geographical information systems (GIS) tools & satellite imagery

■

Renewable energy systems and energy system simulation

■

Project management

■

Information technology

■

Economics

The RLI has three research groups: Off-Grid Systems, Transformation of Energy Systems and Mobility with
Renewable Energy.
The RLI are experts in geospatial energy system planning, including detailed transmission and distribution
grid planning, hybrid technology mini-grids, and interactive web-based visualisation tools. RLI have
developed open-source tools to support energy transformation and off-grid electrification, and have
applied these in countries across Africa. RLI developed OEMOF, a modular, generic, open-source energy
access modelling framework that is used to analyse energy supply systems (https://oemof.readthedocs.
io/en/v0.0.4/overview.html). OEMOF includes nine primary “modules” or libraries. The OEMOF suite of
modules offer different functionalities, which can be pulled together to create custom models. RLI have also
developed custom energy data platforms, and visualisation tools for displaying results.
An interesting component of work carried out by RLI that is particularly relevant to this project, is analysis
of energy demand profiles (based on appliance ownership and usage) and households’ ability to pay for
electricity and energy services. RLI have developed survey instruments to carry out this analysis and applied
them in Africa. The method followed by RLI when conducting community and national-based electrification
analyses is to understand where the population is, what the status of electrification is, what future demand
might be, and the costs and opportunities of different electrification options. Example work: http://rrepnigeria.integration.org/.
The division of energy systems analysis at KTH (KTH-dESA) are experts in geospatial energy systems
modelling in Africa. KTH-dESA develops tools and methodologies for electricity and electrification planning.
The models they have developed include the open-source models ONSETT, OSeMOSYS and TEMBA. KTH
is also the creator of the Global Electrification Platform. KTH uses these in-house tools for energy systems
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and nexus studies (e.g. studies focussing on the interactions between energy and other systems such as
water systems) to analyse policy impacts and sustainability in many countries. KTH has experience with
training, capacity building and stakeholder consultations.
Through the Energy Modelling Platform for Africa programme (EMP-A), training is available on several
of the KTH tools. dESA have also released the Global Electrification Platform (GEP), which is unique in its
display of scenarios for electrification across 46 countries in Africa with household electricity access levels
of less than 90 %. The GEP includes scenarios for the DRC, reporting on investment required and capacity
added. TEMBA (The Electricity Base for Africa) is an electricity supply model for Africa in which national
supply systems and transmission networks are explicitly represented, allowing the optimisation of energy
planning across the continent rather than individual countries and regions.
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Chapter 4.

Initial spatial electrification
planning analysis using
OnSSET

4.1 Introduction
A spatial electrification optimisation analysis, using the open-source OnSSET36 model, was completed
in phase 1. The analysis took place before the first in-country stakeholder consultation and therefore
allowed us to present to local stakeholders a tangible example of spatial electricity system modelling
specifically applied to the DRC. The visual display of geospatial modelling results allowed the team to
demonstrate the potential and usefulness of this type of modelling to the stakeholders. It was also possible
to discuss with stakeholders the opportunities and challenges of conducting this type of analysis to plan
for electrification in the DRC and obtain their input on the approach, usefulness of outputs, validity of
assumptions, and to share potentially useful data sets. The engagements and presentations also served
as a capacity building exercise for potential “users and consumers” of the project outputs. This was done
through the careful explanation of the overall process involved in these modelling efforts, and share the
objectives and aspirations of the project
Further benefits of developing the OnSSET model and exploring the results are obtained in the practical
experiences of the team setting up and running a geospatial electrification model, and understanding where
the modelling, data and capacity building challenges are expected in phase 2 of the model development.
The model developed here also provides a baseline for continuous improvements to be built upon through
the modelling work in the future phases of the project.
This chapter describes the data and methodology followed to develop the project’s first implementation of
OnSSET for the DRC, reports several key modelling results, shares lessons learned from this process, and
the suggested steps to be taken for improvement going forward.
This initial analysis used publicly available data and minimal modifications to the OnSSET code. No other
additional modelling tools were used to link to the OnSSET modelling — such as long-term centralised grid
or power pool investment models (i.e. OSEMOSYS or TIMES), detailed transmission or distribution grid
routing tools (i.e. NetworkPlanner), or more detailed mini-grid modelling tools (i.e. HOMER). Furthermore,
the model development did not include a detailed demand analysis (for example drawing on energy survey

36

See http://www.onsset.org/
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data). Similarly, it also did not include a detailed review of energy resource availability beyond satellite and
topographically modelled data. These reviews and additional modelling tool integration are planned later
in the project and are described in detail in Chapter 3. Numerous challenges have been discovered and
lessons learned through this task, which have helped to refine key areas of focus going forward.

4.2 Using the OnSSET model
OnSSET is a bottom-up energy modelling tool that can be used to estimate the most cost-effective electricity
supply solutions for a country or region. It is a spatial modelling tool and as such, can provide individual
electrification solutions for different locations (or clusters of households) across the territory modelled.
In simpler words, OnSSET estimates the optimal electrification solution, for each location specified in
the model, by taking into account spatial characteristics related to energy demand and supply. These
spatial characteristics include population density and distribution, proximity to transmission grids and road
networks, and local renewable energy potentials — which all have a significant impact on the cost and
applicability of different electricity access solutions.
The process to develop and run the DRC OnSSET model is described in this chapter as below:
1. Geospatial data about the location of the population is used by the model to estimate the
number of households and household density in each location. Nightlight data and other
factors such as the proximity to the grid and roads, are used to develop a binary estimate of
whether locations do or do not have access to electricity. Scenario data details such as future
population estimates, electrification percentage goals, and estimated demand targets are
also defined at this point.
2. Following this, the model estimates the electricity demand of the population in each location
based on an assumed electricity usage per household (i.e. the amount of electricity each
household will use in a day), which is multiplied by the number of people/households in
the location.
3. The model can choose between three technology options to supply electricity to households,
which are visually demonstrated in figure 4.1 below:
X
X

37

Grid extension using electricity generated by centralised power plants.
Mini-grids37, which are small generation and distribution systems that can provide
electricity to multiple users using local energy resources and a local distribution grid
connecting them.

The Alliance for Rural Electrification defines a microgrid as being from 1 to 10 kW and a mini-grid as being between 10 kW
and 10 MW (www.ruralelec.org). The exact terminology used between microgrids and mini-grids is not widely agreed upon and
often used interchangeably, but with “micro” always smaller than “mini” but both must be able to operate isolated from the
larger grid.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

139

✖

Stand-alone systems, which are small electricity systems, not connected to a
distribution system and providing power to either single appliances38, individual
households39, or specific community facilities/buildings.

The estimate of electricity demand in each location, along with other spatial parameters such
as distance to the grid, and the cost of technologies is used to estimate the cost of supplying
electricity through grid extension, mini-grids or standalone systems at each location.
4. The model compares the costs of grid extension, mini-grid or standalone system at each
location to determine which is the most cost-effective solution for that location. The selection
of the technology to supply each location is made by trading-off the cost of supplying energy
through the grid, which requires investing in transmission and distribution infrastructure,
against the cost of smaller mini-grid or stand-alone systems. Such systems do not require
investment in grid infrastructure but cannot take advantage of the economies of scale
that come from building larger supply infrastructure capable of providing electricity to big
agglomerations of population. If the benefits outweigh the costs, then a grid extension
solution is likely to be chosen. Otherwise, mini-grids and stand-alone solutions would be
preferred.
The estimation of the cost of supplying electricity therefore depends heavily on the costs
assumed for the infrastructure necessary to produce, transport and store the electricity in
the grid, mini-grid and standalone systems. Also consider is availability of energy resources
(hydro, wind, solar) around the country, and the population density being supplied, which
would be the magnitude of demand.
5. The results of the OnSSET model are then processed and loaded into QGIS, or an alternative
GIS-based visualisation platform, to be visualised.

38

Individual appliances such as solar lanterns and/or cell phone chargers are generally considered “pico” solar systems.

39

Systems for individual homes are commonly referred to as “solar home systems (SHS)” with solar being the most common
energy source, however, other sources such as hydro, diesel, wind, or biomass are often also used if local resources are
suitable.
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Figure 4.1 Electricity supply options and typical energy services they can provide
Source: Adapted from IEA, 2017

Figure 4.2 provides a simple representation of the OnSSET model framework. It shows how population and
demand data at each location, along with technology specific costs and resource availability, form the basis
for the technology solution chosen by the model to provide the optimal electrification plan.
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Figure 4.2 Framework of the Open Source Spatial Electrification Toolkit (OnSSET)
Source: www.onsset.org

4.3 Outline of the process followed to develop the DRC
OnSSET model presented to stakeholders
Although there was already a UN published OnSSET model40 for the DRC, it was not possible to use this
model as the basis for this analysis since the data used and code version of the UN model was not readily
available. In addition, other major limitations of the UN model are that it used a coarse 10×10 km spatial
resolution across the DRC and an unrealistically low diesel price which resulted in the model determining
that a large proportion of the DRC would most cost-effectively be electrified using standalone diesel systems.
The spatial resolution of the OnSSET modelling presented here is 1×1 km. This translates to 118 000
populated cells across the DRC, each with the corresponding spatial data values as listed below.
The process the team followed to develop the model therefore included:
1. Training in OnSSET — attended training in Trieste.
2. Data collection — this included a review of datasets that could supply the spatial and nonspatial data needed by OnSSET and the availability of this data for the DRC. The datasets

40

http://un-modelling.github.io/electrification-paths-visualisation/country.html?iso3=COD&tier=3&diesel_price=nps
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used to populate the model are listed in Table 4.1. In addition, OnSSET requires non-spatial
data to characterise the scenarios. These data include, for example, overall population
growth and urbanisation rates and future electricity access percentage targets.
Table 4.1 Data sources used to develop the DRC OnSSET model
Data type

Dataset

Demand
Population distribution

EC GHSL — 2016 — 1×1 km

Night-time lights

VIIRS 2016 annual composite

Supply
Solar energy (KTH table: Solar Irradiation Resource)

Globalsolaratlas.info version 1 — 1×1 km resolution

Wind energy (KTH table: Wind speed)

Globalwindatlas.info version 1 — 1×1 km resolution

Hydro energy

KTH

Transport and energy infrastructure
Transportation infrastructure

Roads: OCHA
Travel time: Weiss et al. (2018)

Electricity infrastructure

Existing grid network: World Bank and Open Street
Map datasets

Costs

OnSSET default assumptions (see below)

Terrain data
Land cover

Global Land Cover Facility

Elevation

SRTM 90 m DEM Digital Elevation Database

Administrative Boundaries

Référentiel Géographique Commun

3. Data entry into OnSSET — this required two steps:
a. Conversion of the datasets to QGIS datasets made up of CSV files to allow them to be
transformed into a format that can be read into OnSSET. The file format is demonstrated
in the figure below, with each row representing a 1×1 km cell, and each column a
different spatial data value.

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

143

Figure 4.3 Snapshot of OnSSET spatial data input values per 1×1 km populated area
Source: UCT using OnSSET 2018 — preliminary results

b. Alterations to the OnSSET Python code to incorporate the new datasets in the model — as
there is currently no interface to enter data into the model, a challenge in developing
the OnSSET model lied in altering the Python code. For example, the code needed to
be altered to show the model where data was stored on a computer.
4. Scenario specification — see subsection 4.4 Scenario and technology data.
5. Running of the model and review of results — the output from OnSSET is a Comma Separated
Value (CSV) file, similar to the previous one, only this time with different information: for
each cell, the output indicates whether that point already had access to electricity and if not,
the optimal way to electrify it.
6. Translation of tabulated results into visual results displayed in QGIS. The visual results
presented in section 4.3 were the final output of the whole process.

4.4 Scenario assumptions and technology parameters
The base year for the model is 2015 and the final year of analysis is 2030. Although more recent versions
of OnSSET now allow a time step analysis of electrification, for example setting incremental electrification
targets in both 2025 and 2030, the version of OnSSET available at the time of this analysis only allowed a
single target to be set for the final year.
The population and urbanisation rates assumed for 2015 and 2030 are shown in Table 4.2. below. The
electrification target in 2030 was set to 100 %, up from 16 % in 2015.
Table 4.2 Population projections and electrification target
Drivers

Units

Population (UN 2018)

millions

Urban Population Share (UN 2017)

2015

2030

76.19 m

119.7 m

percentage

43 %

57 %

Target access level Electrification Rate (total/urban/rural)

percentage

16 % / 35 % / 1 %

100 %

Household size (urban/rural) (UN 2017)

people/hh

6 /7

6 /7

Discount rate

percentage

12 %

12 %

Source: As stated above, otherwise KTH OnSSET 2018 default
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The model used the World Bank Multi-Tier Framework (MTF) to define target demand levels. The MTF is a
way to measure energy access which goes beyond the binary measure of “connected or not connected” for
electricity access. It defines six tiers of energy access based on the combination of seven attributes: 1) peak
capacity, 2) availability, (duration), 3) reliability, 4) quality 5) affordability, 6) legality, 7) health and safety
(Bhatia & Angelou, 2015). The figure below shows a simplified version of this using two criteria: availability
(number of hours with energy) and peak capacity (appliances powered).

Figure 4.4 World Bank multi-tier framework graphical representations
Source: World Bank Multi-Tier Framework, Bhatia and Angelou, 201541

Four target levels were applied in the model matching the MTF levels 2, 3, 4 and 5:
■

■

Level 2: 224 kWh/household/year — enough for lighting, phone charging and low load
appliances
Level 3: 696 kWh/household/year — enough to power medium load appliances such as
refrigerators

■

Level 4: 1 800 kWh/household/year — enough to power high load appliances

■

Level 5: 2 195 kWh/household/year — enough to power all appliances

4.4.1

Technology option parameters

The technology parameters below were used to characterise the extension of electrification using centralised
grid, standalone systems or PV and mini-grids.
■

■

41

Cost of grid electricity and cost of centralised power plant capacity expansion (USD /kWh,
USD /kW)
Transmission and distribution extension costs (construction and operation), and energy losses
(technical losses and theft) — for both grid and mini-grids where appropriate (USD /kW,
% /kW /year, % loss)

See https://mtfenergyaccess.esmap.org/methodology/electricity for more details on tiers and approach.
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■

■

Household connection costs (USD/household)
Mini-grid generation costs: solar, diesel, hydro (construction and operation) — (USD /kW,
% /kW /year, USD /litre, USD /kWh)

■

Standalone system costs: solar and diesel (USD /kW, USD /kWh, USD /litre)

■

Expected lifetime of each system (years).

More details and the specific assumptions used for each of these parameters are included in Appendix 1,
and can be found in the OnSSET methodology references.

4.5 Results
The results of the model run using target demand tiers 2, 3, 4, and 5 are shown in the figures below. The
increase in the number of locations electrified by mini-grids and grid extension as electricity consumption
levels increase can be seen across the country. At the Tier 2 access level, most of the country can be
supplied by standalone solar systems. However, as electricity demand levels increase, mini-grid systems
and grid extension become increasingly more economic and are chosen as the cheapest solutions in more
areas by the model.
Grid extension is chosen to be optimal close to the existing power lines (which assumes AC lines capable
of transformer tap-off to communities), as well as several small areas that are detected to be electrified at
the start year due to the presence of stable nightlights (which assumes that the generation capacity at those
isolated areas can be expanded, e.g. along the eastern DRC border, in Kindu and Kisangani).
This grid extension option is chosen at all levels of demand, but is chosen significantly more at higher
demand levels, and at low demand levels typically only in urban areas which already have grids that
could potentially be expanded. The assumption is also made that the capacity of these small grids can be
expanded at the same cost as the large centralised grid, which may not necessarily be the case and would
depend significantly on the availability of local resources.
In the short term, in eastern DRC the development of mini networks is preferable to the extension of the grid.
The mini-grid would favour the energy mix and would cost less in terms of time and money. Grid expansion
is initially chosen for cities around the existing power grid, but living in the dark like the Kasai provinces.
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Figure 4.5 OnSSET optimised electricity access solution results: low demand — tier 2
Source: UCT & RM using OnSSET 2018 — preliminary results

Figure 4.6 OnSSET optimised electricity access solution results: medium demand — tier 3
Source: UCT & RM using OnSSET 2018 — preliminary result
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Figure 4.7 OnSSET optimised electricity access solution results: high demand — tier 4
Source: UCT & RM using OnSSET 2018 — preliminary results

Figure 4.8 OnSSET optimised electricity access solution results for: very high demand — tier 5
Source: UCT & RM using OnSSET 2018 — preliminary results
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4.6 Examples of identified modelling issues
One of the factors seen in the results is the importance of whether AC (alternating current) or DC (direct
current) transmission lines are installed currently or planned for the future. When AC lines are installed,
villages and cities along the line could be electrified more realistically by “tapping-off” the line and creating
substations to distribute energy to local users. However, the transmission lines currently installed from
Kinshasa in the west to the mining regions in the south (see in the lower end of the figure), are mostly DC
power lines, which are more efficient at transmitting power over long distances, but extremely expensive
to tap-off from to electrify communities along the way. Therefore, results showing significant cost-effective
grid electrification close to these gridlines may not reflect reality. Future long-distance expansion of the
transmission system between the west and the south (or other regions) will need to take this into account,
as it can have a significant impact on the possibility of electrifying populations along the way.
It is more efficient to transmit electricity at higher voltages. However, when this is done transformers and
substations are needed to lower the voltage before it can be distributed to households. The specific location
selection of such substations and detailed electro-technical load flow analysis of the system is not fully
reflected in the model, instead using “rule-of-thumb” estimations. The necessity of including these details
will be investigated in future project phases, and could be included into the modelling if highly valued by
stakeholders, but is not currently a high priority future model improvement.
The grid extension algorithm used allowed the grid to extend a maximum of 50 km from a transmission
line or an initially electrified settlement (currently 50 km, but a different distance can be specified), after
which mini-grids or other alternatives are used to supply electricity. However, this is not always an accurate
reflection of reality and overlooks the possibility that the next community is close to another optimally-gridconnected community, and therefore also electrified through the grid. The algorithm also currently does not
know the capacity availability and reliability of each portion of the grid and assumes that extension could
occur without the need of significant additional investments or repairs.
Figure 4.9 provides an example of where this has occurred, where many mini-grid solutions seem to be good
candidates for grid extension, with communities settled along roads with small or no gaps between households.
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Figure 4.9 Demonstration of unrealistic grid extension results and improved 1×1 km OnSSET results
resolution
Source: UCT & RM using OnSSET 2018 — preliminary results

Figure 4.10 Demonstration of unrealistic grid extension in UN mapping outputs and low resolution
10×10 km results
Source: UN and KTH, 2016
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The 50 km cut-off issue, and grid extension from DC lines, can also be seen in the UN modelling results of
the same area near Tshikapa. In addition, grid extension from “planned lines” (with the same 50 km cutoff) is seen in the results, while it is uncertain if these lines will actually be built or not. The initial modelling
for this project did not use these planned lines, as the data quality was uncertain and many planned lines
from publicly available sources seemed highly unrealistic.42
The limitation of the low 10×10 km resolution can also be seen in the UN map as much of the detail is
lost in the results. Importantly, the settlement patterns of populations in this area, often taking place along
the full length of roads, are not visible at this resolution. Additionally, having such a coarse resolution and
not filtering out areas with extremely low population counts, shows at least some people in every area and
therefore shows a result for every area.
Figure 4.11 below demonstrates that Kindu and Kingombe are correctly detected by OnSSET as having
some electricity already, due to the presence of stable night lights by satellite data. However, it also assumes
that this is the national grid, when in fact it is an isolated hydro “mini-grid”. The current version of OnSSET
also has a single grid electricity generation price across the whole country and models that the towns and
villages nearby and between Kindu and Kingombe could also be connected most economically to these
grids in the future. It also assumes that the capacity of this grid could be expanded at the same price as
expanding the national grid.
The grid algorithm currently in use also does not provide an accurate construction routing path and
effectively connects population points using straight lines, while not fully taking the potential land cover
issues between those points. This is demonstrated below in Figure 4.11, where Mokama is being connected
by a straight line from Kalima (through rainforest) or Mali (across the river), which would have drastically
higher costs than across open land or along a road. The current results file from OnSSET also does not
specify exactly where the grid was extended from, necessitating the assumption from visual results.

42

Every provincial capital city in the DRC was connected to the same massive national grid, with the spatial data files showing
exact straight lines of connection across the terrain, and not accurately reaching each city, as if highly theoretical and drawn by
hand on a map.
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Figure 4.11 Demonstration of grid extension routing simplification challenges near Kindu and
Kingombe in the DRC
Source: UCT & RM using OnSSET 2018 — preliminary results

Another limitation of the current OnSSET model is that the final “optimal” electricity access solution for each
area can only be one of the options available to the model (e.g. grid, hydro mini-grid, solar mini-grid,
standalone), but not a combination of these. The solution is also sometimes affected by the total capacity
of a potential resource nearby.
For example, hydro mini-grids are modelled to have a certain maximum capacity relating to the amount
of water available and elevation drop etc. — this would determine the total capacity of a potential small
hydro power plant if it were built. However, if the total electricity demand of a population point exceeds the
capacity of that hydro mini-grid, then the hydro mini-grid is seen to be insufficient to meet the demand. In
such as case, either a larger grid nearby would connect that area, or a solar mini-grid (which, without land
limitations, could possibly be built much larger) would be selected as the optimal solution for that area.
This can be seen in Figure 4.12 below near Kisangani, where solar mini-grids are shown to be optimal
on the outskirts of the city, but when the demand is higher these are “knocked-out” or “overtaken” by the
larger grid extension, when ideally they could be interconnected with that grid providing a combination of
resources. Many areas are also shown to have standalone solar systems as the optimal solution at a lower
demand level but are then often overtaken by mini-grids or the grid — whereas in reality these solutions
could occur together in the same area or smaller systems could be replaced later or interconnected as
demand grows.
Further north of Kisangani, several hydro mini-grids are replaced by the grid as their total capacity is
reached, while these hydro mini-grids could also be interconnected to the larger grid from Kisangani. At
the top of the figure, the maximum capacity of the hydro mini-grids is also reached, and solar mini-grids
are seen to be necessary to meet the higher demand. Once again, interconnection of these options could
be possible and advantageous, but is not seen in the results of the current OnSSET version.
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Figure 4.12 Demonstration of mini-grid and standalone options being fully replaced by grid
extension as demand target is increased
Source: UCT & RM using OnSSET 2018 — preliminary results

Figure 4.13 below demonstrates one of the most significant population data gaps in the data used for the
initial analysis. The model has no results for almost the entire population of the Kasai-Oriental province
including its capital city of Lodja. This issue remained undetected by the team, as none of the members
were from Lodja and never thought to look there. Others looking at the results presumably assumed
another reason for the missing results.
It was later discovered that the census data for this area is missing and that the population detection
algorithm therefore registered no people there. Worryingly, this error is present in several international
satellite-based population mapping efforts, as the same census data is used by many different mapping
algorithms. This issue is also notably at play in Kolwezi and Mbuji-Mayi.
The lack of familiarity amongst international modelling teams of the DRC and other countries with previously
unmapped populations, is a potential reason for this issue. Researchers not familiar with an area of the
world wouldn’t necessarily know where to expect the presence of population, and may not be aware that
certain input data is missing or of very low quality. This is another key reason why the integral involvement
of local stakeholders is so important.
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Figure 4.13 Demonstration of missing population from input dataset in Kasai-Oriental province
near Lodja in central DRC
Source: UCT & RM using OnSSET 2018 with GHSL 2016 data at 1×1 km resolution — preliminary results

4.6.1

Opportunities for modelling improvements

Several opportunities to improve the model and results are discussed in this section.
Firstly, note that among the non-spatial variables used in the optimisation are the investment costs of the
electrification technologies. In reality, the costs associated with installing energy infrastructure are highly
dependent on conditions such as how accessible a location is. A current limitation of the model is that it
cannot estimate the cost of accessing a location and transporting materials there, and is therefore unable
to reflect how several technology installation costs may differ at each location.
The cost of extending the grid in reality can vary drastically depending on the geography/terrain where it is
to be built. In OnSSET an algorithm assigns a cost penalty to places where terrain indicates it will be difficult
to extend the grid, such as steeply sloping ground or in the middle of a forest. The algorithm, however,
requires improvement both in the accuracy of the cost penalty, as well as in restricting the grid from crossing
terrain that is not feasible. Moving forward, an objective of this project is to improve the grid extension
algorithm in the model, in order to be able to cost the different electrification options more realistically.
Secondly, with the current method in which the OnSSET algorithm combines technologies and resources,
mini-grids can be powered by only one resource at a time, namely solar or hydro. This is another limitation
of the model, as in some cases it could be cheaper or more efficient to power mini-grids using multiple
types of technologies and resources to take advantage of seasonal or daily availability through the creation
of so-called “hybrid mini-grids”. For example, it may be more efficient to use a diesel-based generator to
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power a mini-grid during the night, and solar energy during the day, and wind or hydro resources in cloudy
seasons. This is another aspect in which the model can be improved.
Thirdly, OnSSET cannot currently optimise the technology mix that is used to supply electricity for grid
electrification. Instead, the unit cost (cost/kWh) for electricity supplied by the grid in OnSSET is defined
externally. In the case of the OnSSET model developed in this study, the cost for each unit of electricity
supplied from the central grid is based on results from The Electricity Model Base for Africa — TEMBA43.
TEMBA is an application of OSeMOSYS for the DRC. OSeMOSYS is an energy systems optimisation
model suitable for long-term integrated energy planning44. In this case, TEMBA was used to estimate the
technology deployment and the resource mix needed to supply a predefined amount of electricity through
the grid in the cheapest way.
Currently, TEMBA results show that the most efficient resource mix to power the grid in the DRC is hydro
(see Figure 4.14 below). While this result makes sense in the Congolese context, given the richness of
hydro resources, it may also be a consequence of the cost and availability assumptions used in the model
for hydro and other resources. It is possible for example that hydro costs are too low, or that increasing
demand levels will see increased application of alternative technologies. The results indicate that there are
opportunities for improving the OSeMOSYS analysis, and in turn, the inputs used by OnSSET to optimise the
electrification plan. Similarly, the interaction between OnSSET and OSeMOSYS could be made automatic,
which would facilitate analysis of the convergence between the results of the two models.

Figure 4.14 Results from TEMBA model
Source: TEMBA, 201945

43

See http://www.osemosys.org/temba.html

44

More information about OSeMOSYS can be found in Chapter 3.

45

See http://www.osemosys.org/temba.html
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4.6.2

Challenges experienced while developing the model

There were some challenges during the development of the model. These related largely to experience
using OnSSET, knowledge of the DRC, the size of the DRC and the lack of a visualisation tool to display
the results.
This was the first time the team had built an OnSSET model and while they had received technical training
with OnSSET and had experience using and developing other modelling tools, they had no experience in
OnSSET coding. This resulted in coding mistakes that led to the model breaking at times. When facing
these issues, the team relied on previous modelling experience using Python, academic papers, and when
necessary, suggestions from the KTH model developers.
This was also the first time the team had worked on an energy systems model for the DRC. This meant that
the team’s knowledge of the country’s datasets was insufficient to build the model and significant time was
spent exploring new and better datasets to improve the accuracy of the model. The data used was largely
found on the internet via desktop studies, rather than curated specifically for the DRC through engagement
with local stakeholders and institutions etc.
The lack of DRC-specific experience also hindered the ability of the team to quickly identify problems with
the data. For example, it took months to identify the population gaps in Lodja, and to understand the
quality of the grid data, in particular whether planned grid extensions, such as those in the online SNEL
dataset, were accurate or realistic as described above.
Detailed data for electricity demand is rather scarce. Due to this, the first estimation of the model used
the MTF to indicate the targeted level of electricity access available to households in 2030. However, the
modelling would benefit from a better indication of appropriate, location-specific, demand levels for the
DRC in the short to medium term, and how they may change across the country/province in urban and
rural areas over time.
The size of the DRC presented two additional challenges as the largest country in Sub-Saharan Africa. From
a computational perspective it meant more locations needed to be analysed. A higher number of locations
increased the computational complexity and the time needed for each model run and processing of results.
Verifying data quality presented another challenge — it is difficult to examine in detail the data being used
across the entire country, when there are so many data points, and often sparsely populated areas.
Finally, visualising the results in a way that would engage stakeholders was difficult. At the time, the Global
Electrification Platform was not yet publicly available, therefore the results were presented to stakeholders
using QGIS. Time was spent making the results easy to interpret. For example, choosing colours useful for
both the whole country and selected communities at different zoom scales.

4.7 Stakeholder responses to the OnSSET presentation
The results of the DRC OnSSET model were presented to several local stakeholders at a workshop in
Kinshasa and attendees were interviewed afterwards. The interviews provided an opportunity to engage with
stakeholders and gauge their reactions to the quality of the data used and their expectations for the project,
gather feedback on where improvements were needed and possibly discover additional data sources.
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This section reflects on the relevant discussions that took place during the first stakeholder engagements. It
begins with general comments related to the energy sector in the DRC at large, then moves on to a more
specific focus on the model and the data.
The current situation in the DRC energy sector
The stakeholder consultations highlighted the precarious situation of the energy sector in DR Congo. There
are no grid solutions to provide electricity access to the millions across DRC who currently lack electricity.
Even the existing grid system is not working efficiently and is unreliable for its current nine million customers.
The DRC needs new electricity solutions. Some factors that explain the shortcomings in electrification in the
country are: the limited capacity of energy generation; the poor condition of the grid and the fact that only
30 % of customers pay invoices, despite SNEL selling electricity below the generating price.
We also learned about efforts made by the private sector to improve the situation since the declaration of
the electricity reform, which opened the electricity market to private actors:
■

■

■

In order to increase revenues by promoting electricity and economic development, Orange
started Orange Energie. Orange Energie carries BBoxx solar kits at two different sizes. On
its own, however, this venture cannot address the entire DRC market.
With energy demand increasing from mining companies, the DRC requested funding from
the World Bank to rehabilitate Inga 1 and Inga 2 after significant plant damage.
Energy not used by Katanga mines is exported, and when necessary, the local DRC energy
supply deficit is resolved by importing electricity from Zambia.

Political
Actors confirmed the need for the research being carried out, and detailed how it will benefit government
projects:
■

■

The Congolese government is in need of a short-term planning tool to assist in increasing
the national electricity access rate to 30 % by 2023, primarily through the use of solar
systems.
UCM is currently working on a national electrification plan.

An important political lesson learned, was that because the workshop took place at UCM, some
participants were under the impression that the research was being undertaken by UCM. As a result, many
questions were asked about how electrification would be prioritised. Who would receive electricity first:
the mines, households, the people of Kinshasa, people already covered by the grid? Would it take the
form of an “official” grid, or not-so-official mini-grids? Would it be cleaner, more reliable, able to operate
independently, safer in case of disasters? Would it be cheaper? Still others assumed we had entered into
an energy planning exercise for the DRC, which was not the case.
About the tool (OnSSET):
Some participants were curious to know more about tools which could facilitate the projection of energy
demands using satellite data. Most of the participants showed a great interest in learning more about the
modelling process, specifically the OnSSET modelling process. Some also expressed an interest in being
part of the team tasked with discussing the data collection methodology and plans for implementation of
the modelling results.
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There were also those who expressed an interest in exploring how privatisation and decentralised solutions
can benefit unserved populations, particularly understanding how this project can work with provincial
governments to bring electricity to their communities.
Some participants had difficulty understanding the results, or did not believe the results. This was due to
several reasons including:
■

The operationalisation of the grid: belief that the grid would/wouldn’t work.

■

Areas that were, in error, shown as electrified, when in fact they were not, or the opposite.

About the data
Stakeholders wanted to know:
■

how the data in general was obtained?

■

how the models worked and what was behind them?

■

what did the process look like?

■

where did the data come from e.g. hydro, solar?

■

how was the data processed before use in the models?

Data sources were suggested that could allow us to complete our information on the DRC‘s energy sector:
■

NELSAP recently carried out a study on potential electric transmission interconnections
between DRC and its neighbours.

■

ACERD is conducting a one- to two-year study for DRC energy/electrification options.

■

The President’s Office of Infrastructure has electrification maps.

■

The World Bank and IRENA have carried out cost studies that the DRC can use to establish
acceptable prices for competitive tenders.

Bioenergy: some participants wanted to know more about bioenergy. How does it work? Which types of
bio-energy are the most relevant? Where in the country could the technology be used?
Grid network: participants pointed out the AC-DC line problem of when to use AC lines and when to use
DC lines. Others participant wanted to know where they could construct new powerlines.
About the model in general
■

■

■

Stakeholders were critical of the electrification demand tiers used in the model and
questioned the basis for their definition.
Some queried why the model only showed results until 2030. What would happen with the
model in 2035, 2040, etc?
Others asked if the model was able to indicate which part of the country to prioritise for
electrification, and for that area, how development would take place leading up to 2030.
What, for example, could be done to extend the grid and would it be possible to estimate
the extent to which the grid would need to be extended?
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4.8 Plans for future project phases
The OnSSET model, and spatial analysis baseline presented here, will be continually and incrementally
improved throughout phase two and three. The focus will be on improving the demand, resource and cost
data underpinning the models, and improving the algorithms used in the optimisation. Visual results and
insights will be available after each phase as a tangible output. A combined team of KTH, RLI, RM and UCT
will work together to improve the data, model and results visualisation in phases two and three.
Extensive details of the modelling methodologies and approaches to be applied in the project going forward
are described in the other chapters with details of the roles of each project partner.
The final result will be presented via an interactive, online visualisation platform. Unlike the first result presented
in Kinshasa, the platform will present the results of the new data in a way that allows stakeholders to interrogate
it and explore different scenarios by varying different parameters and seeing how the results change.
The improvement of the accuracy of results will be completed in several stages. Firstly, with the improved
basic input data described in other chapters (population, roads, grids, solar, hydro etc.). Secondly,
significantly more detailed energy demand data, not restricted to household energy demand as above, but
including scenarios for all other demand sectors described in Chapter 1 and 2 (such as other productive
and economic uses, public services and facilities, industry and mining, etc.).
Thirdly, the creation and linking to OnSSET of a new centralised model, along with grid extension algorithm
updates, will improve the representation of large centralised investments in the DRC and determine what
energy mix will power each of the regional DRC grids. Lastly, the representation and modelling of hybrid
mini-grids in the model will be updated to include new optimisation fundamentals, as well as, eventually, the
interconnection of multiple mini/microgrids into larger isolated grids, and into the centralised regional grids.
Several scenarios will be investigated and consulted on with local stakeholders, including sensitivity analysis
to understand how the uncertainty of different assumptions and parameters affects the outputs of the
modelling results development pathways.
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Chapter 5.

Energy survey — Kinshasa

5.1 Introduction
An essential component of Phase I of this study was to gain a better understanding of energy use and
demand in Kinshasa. To achieve this, a questionnaire survey was implemented in rural, peri-urban
and urban areas in and around Kinshasa between September and December 2019 amongst 2 000+
households. This chapter covers the questionnaire development, enumerator selection and training, the
survey tool, the sampling method used and survey sites, as well as preliminary descriptive statistics from
the survey.

5.2 Survey methodology
This section discusses the survey design and methodology, focusing on questionnaire design and sampling.

5.2.1

Questionnaire

The survey questionnaire consisted of seven sections. Due to the length of the survey and a complementary
focus on attitudes towards renewable energy in non-electrified communities, the survey was completed
using two sets of questionnaires:
1. A long version that included all the questionnaire sections (including the attitude and social
acceptance questions), which was rolled out specifically in the rural areas.
2. A shorter questionnaire, which included five sections (excluding sections three and seven)
and was rolled out in peri-urban and urban areas.
The seven sections of the survey included:
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1. Household identification

Description of the household’s environment: rural/peri-urban/urban, the
neighbourhood and the streets. This was filled in by the enumerator.
Objective: identify area type.

2. Demographics, socioeconomics
and community

Description of the respondent, focusing specifically on age, gender,
marital status, level of education, income level.

3. Local area

Description of the area where they live.
Objective: put the study and the results in context.

4. Dwelling

Description of the dwelling.
Objective: basis for analysis focused on exploring the determinants
influencing the level of electricity consumption.

5. Source of energy used

Different sources of energy used in households. These are mainly:
electricity, coal, biogas, batteries and solar.

6. Energy cost and electricity
connection

Description of how much households spend on energy and on connection
to electricity grids.

7. Public attitudes and
perceptions

Perception of respondents on renewable energies.

5.2.2

Selection of enumerators

Adverts inviting applicants were placed on social networks and at universities (Appendix 2). A total of
600 candidates applied for the positions of survey enumerators. This gave great confidence that there
were a range of suitable candidates for the positions. Five recruiters shortlisted candidates, based on
experience with surveys, experience working in urban/rural areas, experience of energy-related topics, and
professionalism.
Of these candidates, 25 were selected for interviews, based on the scores given by each recruiter. Each
candidate was interviewed and requested to complete a competency test consisting of:
■

Survey knowledge

■

Interview skills

■

Knowledge of Kobo toolbox

5.2.3

The Kobo toolbox — a tool for collecting survey data

Kobo Toolbox is an integrated set of tools for building forms and collecting interview responses. It is built by
the Harvard Humanitarian Initiative for easy and reliable use in difficult field settings, such as humanitarian
emergencies, post-conflict environments and poor weather conditions.
This tool was chosen due to its many advantages:
■

User-friendliness

■

Data security

■

Offline use

■

No need to transcribe answers: automatic transfer to Excel database

■

Usable even in wet conditions
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■

Several kinds of data can be collected: video, audio; waypoints.

Once a survey questionnaire has been designed, this can be uploaded through the Kobo Toolbox website
using their interactive menu and support in electronic survey design. Subsequently, the survey can be
downloaded onto phones or tablets to start survey implementation.
On their phones, enumerators can download the questionnaire and fill out a new form for each interviewee.
Once the questionnaire is completed, the form is saved and sent to the Kobo server online. Following data
collection, the finalised forms can be downloaded online in four data formats (SPSS, Excel, CVS and KML).
A quick overview of the data can also be seen in the Toolbox.

5.2.4

Training enumerators and piloting the survey

Enumerator training was done in three days, followed by three days of guided practice to ensure a proper
understanding of the questionnaire before deploying to the field.
The theoretical training covered the following topics:
■

How to implement a good survey: clothing, behaviours, attitudes.

■

How to use Kobo Toolbox as a tool for collecting data.

■

How to explain the question to the respondent, either in French or Lingala.

■

How to record answers and get the correct information, without influencing respondents.

On the first day of practical training, all enumerators were asked to fill out the information from their own
household. On the second day, each enumerator carried out the same exercise with their neighbours.
On the third day, the group of enumerators and facilitators went through each questionnaire, making
corrections where necessary. The enumerators then tested the questionnaire for another two days, flagging
any additional concerns. Mistakes were flagged in the presence of everyone to ensure they were not
repeated by others.

5.3 Sampling
5.3.1

Sample size

A sample of 2 000 households was planned for, but 2 069 questionnaires were eventually completed
across Kinshasa. The sample was divided as follows:
■

337 households in rural areas.

■

742 households in peri-urban areas.

■

990 households in urban areas.

5.3.2

Sampling area

The research was conducted in Kinshasa, capital of the Democratic Republic of Congo. Kinshasa has 24
municipalities and to achieve a comprehensive picture, all 24 were surveyed.
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5.3.3

Sampling method

A three-stage sampling approach was adopted.
Level 1 sampling: urban/peri-urban/rural
Kinshasa was separated into urban, peri-urban and rural areas.
■

■

■

Rural: agriculture is the predominant source of income, wood and straw houses, no
electrification.
Peri-urban: urban as well as rural activities such as agricultural, some cement and sheet
metal houses.
Urban areas: highly developed, mostly non-agricultural jobs.

In each zone municipalities were grouped according to the above definitions. Although no community was
entirely rural, several fitted the above definition sufficiently. See Table 5.1 and Figure 5.1 for an overview of
the number of households sampled in each area, and the location of the areas surveyed.
Table 5.1. Sampling
Type of territory

Commune

Neighborhod

Rural

Maluku

Menkao

90

Bita

90

Ipuru

50

Ndako ya pembe

90

Mpasa

90

Bibwa

90

Peri-urban

Urban

N’sele

Households surveyed

Kimbanseke

Kingasani

150

Masina

Siforco

75

Mapela

75

N’djili

Quartier Neuf

150

Low income

Makala, Ngaba, Bumbu,
Selembao, Mont Kgafula,
Kisenso

Bolima, Bula Mbemba,
Ubangi, Ngafani, Kindele,
17th May

250

Middle
income

Bandalungwa, Kalamu,
Lemba, Matete, Ngiri Ngiri,
Kasavubu

Sikin, Kauka, Foire,
Baboma, Assossa,
Christ Roi

250

Rapidly
developing

Barumbu, Kinshasa,
Kintambo, Lingwala

Bon Marché, Boyoma,
Magasin, Beau Vent

250

Residential
high standing

Gombe, Limete, Ngaliema

Basoko, Residentiel,
Joli Parc

250

Total

2 000

Source: Authors
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Figure 5.1 Area investigated
Source: Authors

Level 2 sampling: income level
At the urban level, we grouped the municipalities according to the following characteristics:
■

Low income

■

Middle income

■

Middle and high income

■

High income.

Level 3 sampling: households to investigate
In the rural areas, households were selected in a random manner. In each village, the enumerators
met with the local authority. The enumerators then interviewed households in the village based on a
predetermined selection plan. In the peri-urban and urban areas, every third household of every other
street was interviewed in line with Figure 5.2 below.
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Figure 5.2 Oriented sampling

5.3.4

Key challenges in relation to the choice of methodology

1. Accessibility of information: obtaining relevant information from institutions in the DRC
was extremely challenging. For about one month, the coordinators of the survey tried in
vain to get information from several institutions such as SNEL, which could have helped
get a solid understanding of the population’s distribution in the city, as well as energy
consumption based on socioeconomic status.
After meeting and discussing with ministry officials, private sector stakeholders, academics
and civil society stakeholders, we received the necessary inputs (existing documents,
knowledge of the city and input from experts) to complete our sampling methodology.
2. Balance between detail and feasibility of the survey: A task team of five local experts
was set up to provide feedback on the draft questionnaire. This led to more than five sets of
revisions to the questionnaire. The foremost comment regarding the survey was regarding
its length. Although some non-essential questions were removed, the majority were retained
due to the ‘nested’ nature of questions in the survey — respondents were to answer those
parts of the questionnaire relevant to their context only. Furthermore, extensive pilot testing
demonstrated that the time anticipated by the reviewers was grossly overestimated.
3. Language: The draft survey was designed in English, but since Kinshasa inhabitants are
French and more importantly Lingala speakers, translation was required. The challenge
was to translate the questionnaire from English into French and Lingala whilst preserving
the meaning of the questions. Whereas the translation from English to French was achieved
with the help of an official translator, the nature of the Lingala language required translation
in the field.
4. Gaining access to respondents and obtaining permission: Carrying out research in
Kinshasa requires prior approval from local authorities. UCM (the unit that manages and
coordinates projects within the Ministry of Energy) enabled the team to obtain permission
from local authorities to enter their neighbourhoods. This letter was signed by the head of
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each municipality and also the chief of each of the selected neighbourhoods before starting
the survey at each site. Nevertheless, each of the studied areas (urban/peri-urban/rural)
had their own access problems.
For example, in some of the rural communities, enumerators were not allowed to interview
women in the absence of their husbands, despite the fact that women have extensive
knowledge of household energy use. In these cases, there would need to be two people in
the room. In peri-urban and urban areas, difficulties were experienced in accessing some
streets because of roadblocks. In such cases, enumerators had to convince the guards to be
let into the street and/or compound.

5.4 Survey results
The questionnaire set out to gain data on energy use; sufficiency and aspirations; as well as attitudes
towards renewable energy. This section will present an initial analysis of the survey data and explore
respondents’ access to energy services, satisfaction and aspirations in the context of their urban, peri-urban
or rural environments. The results presented in this chapter include survey data supplemented by desktop
study, to provide a general understanding of energy access in Kinshasa. The chapter is limited to initial
descriptive statistics, which should give an impression of the types of issues relevant for understanding
energy usage in Kinshasa.
The section is structured as follows: Section 5.4.1 the demographics of the sample; Section 5.4.2 analysis
of energy services; and Section 5.4.3 next steps for the survey analysis and a brief conclusion.

5.4.1

Demographics

To gain an overall understanding of the survey sample, respondents were asked several general questions
about themselves and their household. These are presented below. Of the responses received, 487 were
collected in rural areas, 533 in peri-urban areas and 960 in urban areas. 89 were non-respondents.

5.4.2

Respondent gender

Across the sample, 43 % were male and 57 % female (n=1 978). Figure 5.3 shows that in all study areas,
the percentage of females responding to the survey was higher than that of males, in particular in the rural
and peri-urban areas. Because the surveys were completed during the day, this trend is most likely caused
by more women being homebound due to domestic responsibilities or informal economic activities.
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Figure 5.3 Gender in the survey sample

5.4.2.1

Respondent age

As expected, the majority of respondents (over 80 %) were between 26–60 years of age (n=1 979), reflecting
a small percentage of youth and elderly responding to the survey. The breakdown of respondents is shown
in Figure 5.4.

Figure 5.4 Respondent age (rural-peri-urban and urban)
Although this does not reflect the demographics of the DRC in general, where the median age is 18.8 years
and nearly half of the population is under 15 years old46, it is reflective of household patterns, where in
general the head of the household (or their spouse) is likely to respond.

46

http://worldpopulationreview.com/countries/dr-congo-population/
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5.4.2.2

Household Income

To gain a broad understanding of the socioeconomic circumstances of the households surveyed, and the
differences between areas surveyed, respondents were asked to indicate their estimated total household
income. This question yielded a total of 1 870 responses.
The majority of rural respondents estimated their total household income between 50 and 100 USD per
month, with very few households earning more than 200 USD per month (See Figure 5.5). This figure
shifts significantly in the peri-urban areas with 100–200 USD per month being the most selected category,
followed by the 50–100 and 200–400 ranges. Among urban respondents 200–400 USD per month
was selected by the most respondents, with a large category of 100–200 USD and 23 % estimating their
monthly income to be more than 400 USD per month.

Figure 5.5 Estimated total household income (n=1 879, with n=291 for rural, n=669 for peri-urban,
and n=910 for urban)
Income levels are an important factor to consider in understanding energy use, satisfaction and perception.
Therefore, in the second phase of this study, links between income levels and energy-related variables will be
further explored, for example the relationship between income levels and: types of energy used; satisfaction
with different fuels used for specific end-uses; attitudes and perceptions towards renewable energy.

5.4.2.3

Type of housing

To understand the living circumstances of the households surveyed, respondents were asked to indicate the
type of housing in which they lived. This was essential for understanding energy use, as the type of housing
gives a) an indication of level of affluence or geographical specificity and available services; but also b) its
opportunities for or limitations to energy solutions, as the type of energy sources available to the household
may be restricted.
The types of housing observed in the survey are shown in Figure 5.6. In the figure, single house refers to a
house with only one level, a single storey house has two levels and a family house of more than 1 storey
will have more than two levels.
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Figure 5.6 Housing types in rural, peri-urban and urban areas surveyed (n=1 973)
In urban areas, a large majority of respondents live in single storey houses (82 %), followed by apartments
(9.7 %) and one storey family houses (6.7 %). In peri-urban areas, the single storey house remained
dominant (91 %), followed by people living in informal housing (6 %). A small number were living in
apartments (1 %) or single storey family houses (1.5 %). In the rural areas, however, a significant shift
was observed from formal single storey housing (12.5 %) to informal housing (87 %). This is consistent
with general settlement patterns in Africa and reflects the nature of urban planning (or lack thereof) in
the different areas. Furthermore, differences in housing types are also important to consider in energy
planning, as they affect connection costs (e.g. the higher costs associated with electrifying geographically
dispersed housing versus the electrification of apartment blocks).

5.4.3

Energy sources for lighting, cooking and heating of water

5.4.3.1

Energy sources

The survey asked respondents to indicate which energy sources were used in the household. These are shown
in Figure 5.7 and show that households in each of the study areas used a range of energy sources. Importantly,
this range changed depending on the location of the household in urban/peri-urban or rural areas.
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Figure 5.7 Energy sources used by the households
The figure above shows the very different access to energy patterns in rural, peri-urban and urban areas
surveyed. In line with existing international findings, multiple fuel use is prevalent in Kinshasa. In the rural
sample, wood and charcoal were the dominant fuels used by respondents, supplemented by batteries,
wood shavings and electricity, although the latter two were uncommon.
Peri-urban areas contrasted by shifting towards strong reliance on charcoal and electricity, supplemented
by batteries, wood, coal, LPG, wood shavings and other sources. Shifting again in the urban areas, the
majority of respondents used electricity, closely followed by charcoal and supplemented with batteries, LPG,
biogas, and some use of wood. Interestingly, where wood was the most used energy source in the rural
areas, this was largely replaced by charcoal and electricity in urban areas.
Essential to understanding energy use patterns in the DRC is an understanding of which fuel sources
are used for which end uses. Without this information it is impossible to estimate future demand or how
appropriate energy planning initiatives will turn out to be.

5.4.3.2

Energy services

A key concern of the survey was to generate an increased understanding of energy use, preferences
and perceptions around energy services in Kinshasa. The energy services explored in this initial analysis
include lighting, cooking, water heating and use of appliances, as these form the cornerstone of household
energy behaviour.
Specific aspects of energy use explored in this initial analysis are energy sources used at the household
level for each energy service, adequacy of and satisfaction with that source, preferred energy sources and
possible barriers for changing to the preferred energy sources. In addition to this access to electricity will
be explored in-depth, including levels of access, source of access, satisfaction with access and how long
access has been available.
To broadly assess which energy services people have access to, respondents were asked to indicate all
forms of energy use (see Figure 5.8 below). The figure shows a very clear trend in which the number of
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energy services people use increases from the rural respondents to urban respondents. In the rural areas,
energy was mainly used for lighting (almost 90 %), cooking (close to 100 %), followed, albeit distantly, by
charging phones and media, with just over 20 % for mobile phone charging and a little under 20 % for
media such as radio and television.
The number of energy services utilised increases significantly in peri-urban areas with near 100 % usage
of energy for lighting and cooking, but with high levels of phone charging and media (both over 70 %
compared to 20 % in rural areas). Interestingly, among rural respondents cooling was mentioned by only
one respondent and no respondents indicated refrigeration as an energy service, while just under 40 % of
peri-urban respondents used refrigeration and 22 % indicated cooling as an energy service (Figure 5.8).

Figure 5.8 Energy services gained in rural, peri-urban and urban areas in sample in Kinshasa
In urban areas, these figures increased even more, with levels of phone charging and media usage sitting
at over 95 %, in addition to lighting and cooking at 100 % and 98 %. Furthermore, around 70 % of
respondents indicated the use of energy for refrigeration, and around 55 % for cooling. Some water
heating was also reported (under 10 %) as well as 10 respondents who indicated space heating. The
low figure for water heating is an interesting anomaly, as many electrified households in Kinshasa have
boilers. Further investigation of water heating and appliance use will no doubt provide further insight into
respondents’ use of energy for water heating.
The next section provides further detail on the foremost energy services of lighting, cooking, water heating
and appliance use.

5.4.3.3

Lighting

Lighting is a key energy service used by people in their daily lives. Respondents were asked to indicate the
source of lighting in their households. Figure 5.9 below shows that most respondents reported a variety of
sources, resulting in diverse lighting behaviours.
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Figure 5.9 Energy sources used for lighting
In rural areas, for example, the main source of lighting was torches, followed by solar lanterns. The
dominant lighting source shifts significantly when moving to the peri-urban areas studied, here in addition
to torches and solar lanterns, electricity became an important source of lighting. In urban areas, solar
lanterns and candles have largely disappeared as lighting sources, and electricity is the source of lighting
for nearly 100 % of households. The use of torches is dominant throughout and likely meets the need for a
back-up in the event of power outages. This will be further discussed in the section on electricity use.
In addition to questions concerning energy sources, respondents were asked whether their dominant source
of lighting was adequate for their needs. The results are shown in Figure 5.10 below. It becomes apparent
that current energy sources for lighting are considered largely inadequate by most rural respondents,
with 53.5 % (n=269) of rural respondents indicating that their energy sources (namely torches and solar
lanterns) are never or rarely adequate. 28.3 % answered mostly or always sufficient.
This trend changed dramatically when assessing the peri-urban areas, where the majority of respondents
(57.3 %, n=703) indicated that their lighting sources were always or mostly adequate to meet their needs.
Interestingly, in urban areas, despite high levels of electricity-generated lighting, opinions were mixed
on whether respondents’ current sources of lighting (electricity and torches) were adequate, with 56.2 %
(n=958) indicating that they were and 27.5 % disagreeing.
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Figure 5.10 Adequacy of dominant lighting sources for fulfilling lighting needs
Respondents were also asked to indicate satisfaction with their primary energy source for lighting, and
in line with the question on adequacy, the majority of rural respondents indicated they were not satisfied
(Figure 5.11). Almost three quarters of peri-urban respondents indicated satisfaction with their lighting
source. Interestingly, despite relatively high levels of adequacy of energy sources observed in the urban
areas, satisfaction levels did not mirror the trend observed elsewhere, with almost half the respondents
dissatisfied with their lighting sources.

Figure 5.11 Satisfaction of respondents with current lighting sources
To provide further detail into preferred lighting source where respondents were dissatisfied with their current
option, respondents were asked what their preferred energy source would be. The responses across the
case study areas were similar, with the majority of people preferring reliable electricity and solar energy.
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Primary barriers observed to making this change(n=224) were a combination of “regulation” (including
government-related), cost and availability (see Figure 5.12 below).

Figure 5.12 Barriers to changing dominant lighting source

5.4.3.4

Cooking

The second energy service area explored was cooking. As expected, the survey yielded a range of energy
sources used for cooking. In rural areas, the majority of respondents used wood, followed by charcoal
(see Figure 5.13). This shifts dramatically in peri-urban areas as wood fuel for cooking largely disappears
and charcoal becomes the main source (over 85 %), closely followed by electricity at a little under 40 %.
In the urban sample, charcoal remained a dominant source of energy use at over 90 % and wood was
supplanted by a large sample of electricity users (around 60 %).
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Figure 5.13 Energy sources used for cooking
Concerning adequacy, cooking energy showed a large range of responses compared to lighting. In the
rural areas, 40.7 % of respondents (n=295), indicated that their current cooking fuels were never or rarely
adequate, but almost as many respondents (38 %) indicated that their current cooking fuels were almost or
mostly adequate (see Figure 5.14).
This number increased somewhat for peri-urban areas with 50.4 % of respondents feeling that their current
fuels were adequate, versus 32.7 % who felt they were rarely or never adequate (n=681). In urban areas
50.5 % answered mostly or always adequate, versus 25.5 % rarely or never (n=932). Interestingly, although
cooking is among the highest energy uses at household level, levels of satisfaction are higher than for
lighting. It is possible that this is the result of peoples’ cooking habits, experiences and expectations of
different fuels, or low expectations of their being better options available.
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Figure 5.14 Adequacy of dominant cooking fuel for fulfilling cooking needs
Further insight into this can be found in respondents’ satisfaction with current energy sources for cooking
(Figure 5.15). Across all study sites, people were dissatisfied with their current fuels used for cooking.
However, this dissatisfaction was highest among rural respondents. Both urban and peri-urban respondents
were divided in their satisfaction with current fuels.

Figure 5.15 Satisfaction of respondents with current cooking fuels
Of the respondents across urban, peri-urban and rural sites who were not using their preferred energy
source, almost all preferred electricity for cooking.
Figure 5.16 below shows the barriers households experienced to changing a preferred fuel source. Among
the responses, cost, availability, and regulation were the main barriers to adopting an alternative fuel.
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Figure 5.16 Barriers to changing preferred fuel source for cooking

5.4.3.5

Water heating

To gather a complete picture of household energy use, respondents were also asked to indicate water
heating practices. Few respondents in the sample indicated water heating as part of their daily energy use
as can be seen in Figure 5.17. In rural areas, only 22 respondents indicated that they heat water, of which
14 use wood and 8 charcoal. In peri-urban areas, water was heated using charcoal (29 households),
electricity (18) and wood (4). In urban areas the large majority of respondents that heated water used
electricity (63 out of 97 respondents), followed by charcoal (32), and two respondents used gas.
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Figure 5.17 Water heating fuels used by respondents
It is possible that the low numbers of respondents that heated water was caused by the season in which
the survey was implemented, namely between October and December. Furthermore, because of the low
numbers of respondents that heated water, this data will be further analysed in Phase II and correlated with
other questions such energy cost, satisfaction and adequacy.

5.4.4

Access to electricity and appliances

5.4.4.1

Access to electricity

The majority of energy access programmes have a strong focus on the provision of access to electricity at
household level. The survey asked a range of electricity-related questions, the initial responses to which are
discussed below.
The first question concerned levels of access in our sample, recorded as percentage of households electrified
(Figure 5.18). The findings of the initial analysis are shown below, and show that in rural areas 2.2 % (3
out of 139) of households reported access to some form of electricity. In peri-urban and urban areas, this
number increased dramatically to around 70 % and 90 % respectively.
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Figure 5.18 Access to electricity
These levels are very high in comparison to the rest of the country, due to the survey’s focus on Kinshasa
province only.

5.4.4.2

Appliance use

Access to electricity allows for appliance use. Respondents were also asked whether they had access to a
range of appliances. Importantly, this question was asked to all respondents and not just those that had
access to electricity. The results of this question are shown in Figure 5.19.
An immediately visible key point is that rural appliance ownership is close to zero, which is why only periurban and urban appliance use is visible in the figure. The figure further provides important insight in the
types of appliances that people use in their households. In peri-urban areas, almost half of the households
used an iron, followed by decoders and Uninterruptible Power Supplies (UPS). Around 10 % of households
had access to PCs, and kettles.
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Figure 5.19 Appliance use in peri-urban and urban areas
These percentages changed dramatically in urban areas, where ownership of irons reached around 70 %,
more than half of respondents owned decoders and UPS and around 30 % PCs and kettles. In addition,
where only a few households in peri-urban areas indicated they had a washing machine, almost 20 % of
respondents in urban areas had access to a washing machine, an appliance that uses a lot of electricity.

5.5 Discussion
In this section, we will discuss the preliminary findings presented above, in relation to existing studies in
this field.

5.5.1

Geographical diversity in access and usage — the need for a move
beyond the low-hanging fruit of electrification

The data presented above concerning household types, in particular in rural areas, corresponds to existing
studies in this area, as the majority of rural households do not have access to energy (Kefalidou A. and
Vener J. 2014). In these areas, lighting, cooking and the media, which do not necessarily depend on
electrification, are the dominant uses of energy. Cooking for example, is done with firewood or charcoal.
This is in line with: e.g. the FAO, which mentioned in 2017 that for more than 2.4 billion people (one-third
ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

181

of the world’s population), wood energy is critical for cooking. In Africa, over 60 % of the population relies
on wood fuel for cooking.
As for lighting, this study found people often rely on torches with chargeable batteries. To access media, the
population uses telephones which are sometimes charged with the help of a small solar panel or batteries,
findings supported by Rebecca R. (2017).This sources states that without electricity, it is impossible for a
household to have a telephone, television, or a radio that is not powered by batteries.
Our survey, which focused on cooking, lighting and media in an unelectrified rural area of Kinshasa, seems
to corroborate what Dutta (2003, p. 17) revealed — in most electrified rural households, electricity is used
for lighting, television, and radio services only. In their study among rural villages in India, it was found that
once households gained access to electricity, the three main uses for it were lighting, entertainment (radio
and TV), and fans for cooling the home (Barnes and Sen, 2004).
Most African cities are currently experiencing the problem of population growth, with one of the major
causes, as noted by Zarma et al. (2013), the rural exodus.
At present therefore, energy access initiatives should be focused on rural populations, since access to
electricity there can contribute to curbing the phenomenon of rural exodus, and facilitate the processing
of agricultural products. This could also increase income in rural populations which is generally very low.
Thilakasiri (2015) confirms this by saying you can’t fight poverty without energy.
In Central Africa, wood supplies the majority of household energy (85 % in the Democratic Republic of
Congo, DRC). Kinshasa, for example, consumes 5 million tonnes of wood per year, which is said to come
from the exploitation of approximately 60 000 hectares of peri-urban natural forests. With the rapid
increase of the urban population (that of Kinshasa has doubled in a generation), the pressure on natural
forests increases, leading to negative economic, social and ecological impacts (Cirad, 2018).
Improving access to affordable and reliable energy services for cooking is therefore essential for developing
countries, including the DRC, to reduce adverse human health and environmental impacts caused by
burning of traditional biomass (Mala and Govinda, 2014).
Regarding the peri-urban environment, our results show a significant increase in access to energy services
compared to the rural areas. This is matched by an increase in the use of electricity as well, enabled by the
proximity of the city centre and the electricity network. However, the majority of respondents used multiple
fuel sources and technologies to fulfil their energy needs across cooking, lighting and use of appliances.
For example, most households surveyed used torches for lighting and firewood for cooking. This raises
important concerns about the reliability of electricity in peri-urban areas. Fuel stacking has been described
extensively in the energy access literature, as both a coping mechanism for unreliable service, but also
as a means to fulfil energy needs depending on affordability and availability (See e.g. van der Kroon et
al 2013). This study and many others make important linkages between the socioeconomic status of a
household and the access/affordability of fuel sources.
The urban environment of Kinshasa is characterised mainly by apartments and single houses — similar
to most African cities. This type of house structure is also spreading into the peri-urban environment
previously dominated by simple houses and some apartments. This is a sign of urban expansion, but also
an indicator of increasing energy demand. Compared to rural and peri-urban areas, as expected, the rate
of electrification is much higher.
Many African countries (South Africa, Zambia, DRC) suffer from frequent load shedding problems, as a
result of an inability to meet electricity demand. This was also raised as one of the main reasons for the use
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of wood. Based on these findings, in the context of the DRC, a key question needs to be asked. Which is
more important: improving existing connections, or expanding current electricity supply to provide access
for all, thus achieving national electrification targets — or should the answer be a combination of both?
This is an important question that needs to be addressed in the context of delivering electrification in the
DRC, at rural, but also at peri-urban and urban levels.
Energy demand in Kinshasa remains a serious problem because the energy available cannot meet the
needs of the population. In the next phase, this study will further explore availability, reliability and attitudes
in relation to energy and its provision.

5.5.2

Income, affordability and demand

The results of our Kinshasa survey show that the urban environment has a far higher rate of access to
energy than the rural environment. There is also evidence that urban environment households have higher
incomes than those in peri-urban and rural households. These findings raise multiple questions: how able
are households to pay for electricity if access were provided? And correspondingly, how willing would they
be to pay for access? What is the anticipated demand for energy (both electricity and other fuels) in periurban and rural areas and for what energy services is it likely to be used?
A key finding of this survey is that although the rate of access to electricity in urban areas is very high, the
use of wood for cooking remains common. This poses questions about:
■

quality of electricity provided for a range of end-uses

■

reliability of the electricity provided

■

connection to the grid network

■

affordability of electricity for urban households.

Rural electrification is on the agenda of the Congolese Government. For example, the ministry of energy
it has created an agency for electrification in rural areas (ANSER created with decree16/014 in 2016) but
financial resources are lacking to make it fully operational.
Rural electrification remains a key challenge in electrification efforts worldwide. The Global Status Report of
2013 showed that four out of every five people who live without electricity are located in rural areas of South
Asia and Sub-Saharan Africa. The Global Tracking Framework (2013) points out that one percent of the
rural population for the following countries has access to energy: Burundi, Burkina Faso and Liberia. This
reflects DRC’s reality where less than one percent of the population of rural areas have access to electricity.
Kefalidou and Vener (2014), for example, stress that rural areas in particular are faced with challenges
in securing energy sources. The cost of expanding electricity grids over great distances and to areas
typically less densely populated than urban areas, renders rural grid expansion a matter of lower priority.
Furthermore, as the economic case for electrification of rural areas is often weaker than for urban areas
(due to the lower income levels of rural populations), electrification of these areas remains a challenge, i.e.
due to a lack of anchor customers, there is low volume of demand compared to urban areas.
However, as access to electricity is a key driver for development in African countries, it is essential that rural
electrification remains a key feature of national electrification plans.
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5.5.3

Energy source vs energy service

In terms of access to energy, distribution is not equally divided between the three areas investigated
(rural — not electrified vs peri-urban and urban areas — electrified), but important similarities can be seen
regarding energy service (end-use based) and fuel source. For example, all three environments (urban,
peri-urban and rural) use wood and charcoal for cooking, suggesting that households in Kinshasa do
not have a constant or sufficient supply of fuels available for cooking. It also indicates dissatisfaction
with the current energy sources used by respondents in all three areas. This raises important questions
about improving the quality of access versus providing basic access to energy services. For example, the
Congolese government has set the objective of improving access to energy for the entire population by
2023 to 30 %.
In delivering this objective, quality of access and the level of services delivered, in addition to the number
of households connected, must be considered. A lack of focus in other countries in Africa has resulted in a
high level of theoretically “connected” households, but in reality, only a low number of households could
access electricity, due to unreliability, quality of access, affordability and other causes. However, when
speaking about household energy use, it is essential that a key area is not overlooked especially in relation
to cooking: the practices and preferences of the end-user.
Our initial analysis found, for example, that despite access to electricity for cooking in urban areas, there
remained a high use of charcoal and wood. This might be linked to reasons such as ease of use, taste
and quality of the food prepared, familiarity and so on. The multiple uses of fuel (fuel stacking) have been
observed in many studies. Households in developing countries often use solid fuels, biogas and liquid
petroleum gas (LPG) for cooking. Because of the high energy needs of this end-use, these fuels represent
a large share of total energy requirements. Kerosene is mainly used for cooking and lighting, and natural
gas is mainly used for cooking and heating, but they represent a small share of total household energy
consumption. In contrast, electricity is mainly used for lighting and electrical and electronic appliances
rather than for cooking (Mala and Govinda, 2014).
Several studies have pointed to the importance of end-user preference and quality of food when using
traditional energy sources. Other factors identified are household income, taste, cultural preference,
prevailing weather conditions/season of the year, type of house/dwelling place, price of cooking energy,
nearness to sources and familiarity of the household with a cooking energy choice (See Olugbire et al.
2016; Mohlakoana et al. 2019). This is an area that will be explored further in Phase 2 of this study.

5.6 Reflections and conclusion
This chapter focused on the implementation and initial results of a questionnaire survey. This survey was
carried out to gain a better understanding of energy use in Kinshasa. The survey was implemented in rural,
peri-urban and urban areas in and around Kinshasa, and initial data analysis was presented of some of
the variables explored.
This exploratory survey set out not only to gain insight into current energy use, but also to explore aspects
of sufficiency, preferences and attitudes. As in all survey studies, our study was implemented within the
limitations of the available resources (e.g. in relation to financial resources, manpower and socio-political
factors such as support from authorities) and geographical factors (including accessibility of specific areas
and seasonality).
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The survey, which was carried out in all quartiers in Kinshasa, provides an important and, to date,
missing oversight of energy use in different areas of Kinshasa province. Reflections emerging from the
implementation of the survey in Phase 1 include:
■

■

■

It provides a snapshot of energy use at a specific point in time. Return surveys (e.g. done
several times during the year), or continuous monitoring of a household for one month (e.g.
through energy diaries with a smaller sample, or survey questions administered through
mobile phones in areas where there is connectivity) could provide a “year round” estimation
of energy use.
Additional surveys and interviews with energy authorities during Phase 2, private sector and
civil society could provide triangulation of the data and further insight into emerging trends.
It would be extremely beneficial if further work was done on understanding energy use,
aspirations, attitudes affordability, and willingness to pay in different territories of the DRC
outside of Kinshasa, particularly to gain better insight into energy demand outside the capital.

Key findings provided by this chapter include:
■

■

■

Fuel stacking is at the core of fulfilling energy needs. The overwhelming majority of
respondents used a range of fuels to fulfil their daily energy needs for most end uses. The
respondents’ main source of fuel for cooking, whether wood, charcoal or electricity, was
considered largely inadequate. Similarly, both electric lighting and electric torches were
used to fulfil lighting needs.
A large shift was observed in access to electricity with most urban households having
access to electricity, but this was significantly reduced in peri-urban areas and very limited
in rural areas.
There was a large difference in appliance use across the sample with urban areas having
significantly more appliances than peri-urban and rural. Although this is to be expected,
any electrification planning and demand estimation needs to take into account that energy
use will change significantly when access to electricity is achieved, for example as people
adopt a range of additional appliances that were previously not accessed.

This chapter provided some preliminary findings from the questionnaire survey. In Phase 2, the remaining
variables will be analysed to provide detail on energy costs, sufficiency and demand, but also on the
aspirations and attitudes towards a range of renewable energy-related aspects such as perceived reliability,
affordability, sufficiency and quality of energy service.
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Conclusions

Phase 1 provided a detailed investigation of the context in which electrification planning is taking place in
the DRC, the data available for electrification planning in the DRC and the modelling tools that could be
used to plan for electrification. The review, along with stakeholder consultations, was used to develop a
framework for the modelling tools that will be developed in Phase 2. The review was also used as a basis
for consultations with project partners, to build a strong team to carry out the work required in Phase 2,
and to allocate roles and responsibilities to each project partner to achieve the project objectives. Phase 1
saw the administration of an energy use and perception survey. The consultations and work completed in
Phase 1 provided the necessary confidence to realise the project objectives.
The contextual review of energy and policy showed that, although there are exciting moves towards
facilitating electrification in the DRC, achieving government ambitions will be difficult. Challenges to
electrification lie in several areas. Amongst the primary challenges are the low electrification rate, the lack
of generation capacity, the state of the generation, transmission and distribution infrastructure, and the
high level of informal biomass use.
Despite these challenges, recent policy reforms have raised electrification to top priority, and private actors
can now legally participate in the production, transmission and distribution of electricity. High-renewable
energy resource potential (including hydro, solar, wind, bioenergy and even geothermal) provides a
cost-effective means of supplying reliable electricity; technology advances have also made the supply of
electricity through mini-grid or stand-alone systems an attractive, economical and sustainable alternative to
grid electrification. These all point to the important and urgent need to improve planning for electrification
for the entire DRC.
Planning for increasing electricity access faces several challenges. No planning strategy is currently in
place, and there is a lack of market knowledge about questions of affordability and preference. Moreover,
difficulties accessing quality data is one of the main challenges in developing an electrification plan for the
DRC, as data is scarce and not systematically collected and, where datasets exist, they can be difficult to
access. In addition, key datasets are often outdated, or of poor quality.
Although data is limited, it is still useful. Data indicates, for example, that the electricity requirements of
informal sector activities is often small and, although mining data is not comprehensive, what there is
can be used to estimate demand as mining expands. Where important data is missing, possible ways of
acquiring it have been identified and will be pursued in the second phase.
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Satellite data presents an exciting new source of information and there are several good options for
estimating population, land cover, etc with this data. This is an area of ongoing methodological work and,
in order to remain current, subsequent phases will need to track the progress of datasets that can be used
for the geospatial representation of households and their electrification status.
Phase 1 has shown that there are several other sources that can be used as proxies to estimate energy
demand for households and productive activities, including macroeconomic data such as national and
regional GDP estimates, inflation and exchange rate data, and household, business and informal business
surveys at a national, regional or sub regional level. A review of these datasets showed that the quality
varies considerably, and effort will be required to ensure that the best data is used, and that gaps are filled
using transparent assumptions. Similarly, another priority of Phase 2 will be defining a methodology to use
the data available in estimating energy demand by households, productive uses and public facilities. It will
be especially challenging to develop representative household demand data, as there is limited content
and sampling consistency between the several household surveys that were conducted in the DRC between
2000 and 2017, plus the last official national census was conducted in 1984.
Although electricity generation is currently dominated by hydro (98 %), several supply-side opportunities
exist. Phase 1 focused on identifying sources of data for renewable energy (solar and wind) and hydro.
Solar and wind resource data is becoming increasingly accurate, and is available to use at high resolutions,
using satellite and atmospheric models appropriate for our mapping efforts, thus eliminating the need for
ground-measured data. Resource Matters has developed a database of hydroelectric sites which will be
used and improved in Phase 2. In addition, information from the SHER study will be made available to us
and incorporated as far as possible in the second phase.
Our data review overlooked natural gas (methane or CH4) and has a limited review of biomass as a
potential source of energy. Data on these energy sources will be further investigated in Phase 2, as it is
expected that reserves of methane may be available domestically in the DRC. Natural gas is, however,
a fossil fuel and will need to be treated appropriately. Its sustainability may be brought into question as
an increasing number of international organisations have removed their support for further fossil fuel
infrastructure development in accordance with global climate agreements. Bioenergy is also a challenging
topic given its broad applications/definitions (energy crops, waste, oil, wood, animal, etc.) and complex
interaction with food, land, water, and other potential sustainability issues.
A review of modelling methods and tools confirmed the value of geospatial modelling and of optimisation
in planning for electrification solutions. While there are several tools available, the review showed that no
model meets every need perfectly. It was decided that open-source, flexible and well-supported platforms
were the preferred option. Two models are thus proposed for development in Phase 2, namely OnSSET
and OSeMOSYS. This will allow both planning for the supply of electricity through centralised grid-based
larger-scale technologies (OSeMOSYS), as well as allowing mini-grids or stand-alone systems in dispersed
areas to compete with grid-based supply options (OnSSET). As every community’s access realities are
unique, this combination will provide a more realistic and implementable electrification plan, incorporating
the geospatially differentiated demand and resource situations of each area in the DRC.
Aspects of the grid extension algorithm in OnSSET require attention, such as the topographical cost and
routing related aspects. In addition, the model does not currently allow mini-grids to link to each other
or to the main grids. These are seen as particularly relevant in the DRC as its electricity infrastructure and
population are dispersed, and mini-grid options may be preferred. Mini-grids or stand-alone systems
could also supply electricity initially and later be combined to provide a more robust electrification solution.
Addressing these methodological issues by augmenting the grid extension algorithm in OnSSET is seen as
an important component of Phase 2, and something that will have applications to planning for electrification
in countries with low access to electricity across Africa and the rest of the world.
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During Phase 1, a first OnSSET model was developed. Building the model highlighted important data gaps,
and demonstrated the need for the further methodological work proposed. It was also a valuable capacity
and confidence-building experience. Indeed, it allowed us to better understand the time needed to become
proficient in the use of the software and the skills required. It provided confidence moving forward, as the
team was able to populate and run the model with limited help.
The modelling exercise provided several insights to the team, and demonstrated the large impact of
demand assumptions on optimal supply solutions; the need for better population data; and the need to
improve the representation of the existing grid network and grid extensions. The stakeholders consulted
also provided valuable reviews and suggestions for improvement.
The household survey conducted through this project was specifically aimed at filling data gaps, mainly for
demand modelling aspects. It provides a snapshot of energy use at a specific point in time by capturing
socio-demographic and economic data, in addition to electrification status, spending on energy, and
household use of energy for several energy services. The survey also explored household perceptions
around sufficiency and preferences, particularly regarding renewable energy. The survey, which was
implemented in all quartiers in Kinshasa, provides important insight into energy use in different areas of
Kinshasa province.
As expected, the survey results show that households with access to electricity are limited to the degree
in which electricity can be used by the household by appliance ownership and income. Households use
multiple fuels to meet their daily energy needs, including wood, charcoal and torches. Electricity access
was found to be higher in more urbanised populations, and electricity consumption increased with income
and appliance ownership, both of which increased with income level. Electrification planning and demand
estimation in the models must therefore take into account the significant changes in energy use that will
occur as access to electricity improves, for example, as households are able to purchase and use additional
appliances. The surveys provide data to quantify the degree to which this occurs and, moving forward, can
significantly improve the accuracy of the assumptions used to estimate demand for electricity.
However, there are challenges in the translation of this data into “model ready” demand data. During
Phase 2, additional surveys and interviews with energy authorities, the private sector and civil society could
help by allowing triangulation of the data and further insight into emerging trends. It would be extremely
beneficial if further work was undertaken that could improve the understanding of energy use, aspirations,
attitudes, affordability and willingness to pay in different territories of the DRC outside of Kinshasa, thus
gaining better insights into energy demand outside the capital.
The project will only be successful if the model and data development is sustainable. An important
component of the project is ensuring that local capacity in energy systems analysis and electrification
planning is developed. Stakeholder engagements conducted in Phase 1 provide valuable insights into, for
example, the needs of different actors in the DRC and challenges that may be faced, thus ensuring that the
model accurately represents the current reality in the DRC. Ensuring sustainability will require working with
stakeholders throughout the planning, research and design process in Phase 2 and 3. It will also require
effort to successfully build the capacity of local experts and future users of the tools.
The objective of the proposed capacity building is twofold. Firstly, it aims to build a group of local experts
in the energy sector of the DRC who will act as “managers and creators” able to continue the modelling
process and manage the visualisation platform developed through this project. In this way, the sustainability
of the tools and the local capacity for electrification planning in the DRC will be ensured. Secondly, it aims
to build the capacity of “users and consumers” to be able to understand and make use of the results of the
project, as well as attract interest in the project for stakeholder engagement of various amounts. As several
academic institutions are involved in the project, the opportunity exists for students to undertake research
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projects relevant and useful to the project, while obtaining advanced skills and qualifications directly useful
to this type of work in the DRC and across the world.
Amongst the groups building open-source tools, KTH and RLI have a strong research code and have
participated in electrification planning in Africa (demonstrated). They will partner with Resource Matters
and the University of Cape Town in Phase 2.
The main activities planned in moving forward in Phase 2 are as follows:
■

Strengthening of transversal capacity and skills for all institutions and stakeholders, to ensure
the continued sustainability of the project efforts, buy-in and understanding of results:
X

X

■

Providing capacity building for greater understanding and buy-in for users and
consumers of the results of the project’s efforts: government, civil society, investors and
the population in general.

Further developing and improving the methodologies, models and datasets, including the
following:
X

X

X

X

X

X

■

Achieving the skills development required for the successful usage, management, cocreation and maintenance/updates of the tools by a core group of local experts in the
DRC, as well as the project team itself, through direct training courses, workshops,
secondments, fellowships or other exchanges; and

Further validation and collection of model input datasets from online and local
stakeholder sources, for both decentralised and centralised models;
Creation of a centralised infrastructure investment optimisation model, representing
the multiple grid regions/poles of the DRC, and electricity interconnections with
neighbouring countries and their associated electricity trading power pools;
Development of an electricity demand estimation model across all sectors in the DRC,
including the incorporation of the Phase 1 energy surveys into the household demand
modelling, and feeding in the results of the demand model into both OnSSET and
OSEMOSYS;
Linking the OnSSET and OSEMOSYS models to create a more accurate and harmonised
link between centralised and decentralised investments;
Enhancements to the OnSSET geospatial planning mode, including updating the
grid extension algorithm to include a more accurate representation of geographic/
topographical realities; and
Mini-grid modelling of representative communities to better understand and demonstrate
the details involved in more accurately modelling and optimising mini-grid systems,
including hybrid combinations of solar, batteries, hydro, diesel and wind-generation
systems to match the fluctuating energy demands of community needs. The potential
for biodiesel inclusion for 100 % renewable systems may also be investigated after
reviewing the data needs and feasibility of this.

Creation of an interactive online results, scenario and input data visualisation platform that
achieves the following:
X

Openly and transparently shared input data, methodologies, code and modelling results;
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X
X

■

■

User-friendly and intuitive interface with concepts explained to a broad audience; and
The possible eventual release of an offline version, or version optimised for low-speed
internet for those with limited or no internet access.

Continued engagement and results dissemination with stakeholders in the DRC, including
in-country workshops, targeted meetings and online exchanges to promote the project;
share the tools/results developed, data collected, and knowledge gained; and obtain
feedback and critique for continuous improvement.
Results dissemination and peer review through the presentation of work at conferences,
symposiums, webinars, etc. and publishing of peer-reviewed academic articles in highimpact open-access journals and conference proceedings, where appropriate.
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APPENDIX 1:

Technology and performance
assumptions used in OnSSET
Specific assumptions used for technology cost and performance parameters in OnSSET.
Table A.1 Technology parameters in OnSSET
Parameter

Units

Assumed Value

Centralised grid extension
Cost of grid electricity

USD/kWh

Cost of centralised power plant capacity
expansion

USD/kW installed power capacity

Average combined transmission and
distribution losses

percentage

20 %

Centralised grid — operational cost of
transmission and distribution system

percent of initial investment cost
per year

10 %

Household connection cost

USD/household

0.13
2 000

150

Transmission and distribution lines
Transmission line cost (HV)

USD/km

53 000

Distribution647 line cost (MV)

USD/km

9 000

Distribution line cost (LV)

USD/km

5 000

HV to MV transformer cost

USD/kW

5 000

Centralised grid — operational cost of
transmission and distribution system

percent of initial investment cost
per year

10 %

Mini-grids (MG)
All MG — household connection cost

USD/household

All MG — distribution losses

percentage

All MG — distribution system operational cost

percent of initial investment cost
per year

47

100
10 %
5%

The same distribution system investment costs are assumed for centralised grid extension or mini-grid options.
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Parameter

Units

Assumed Value

Diesel mini-grids
Diesel MG — investment cost

USD/kW installed power capacity

Diesel MG — generation operational cost

percent of initial investment cost
per year

Diesel MG — life of system

years

Diesel MG — efficiency (average)

%

Diesel MG — cost of diesel fuel48 (national
average cost in a city)

USD/litre

721
10 %
15
33 %
1.5

Solar mini-grids
Solar MG49 — investment cost

USD/kW installed power capacity

Solar MG — life of system

years

Solar MG — generation operational cost

percent of initial investment cost
per year

4 300
20
2%

Hydro mini-grids
Hydro MG — investment cost

USD/kW installed power capacity

Hydro MG — average capacity factor

percentage

Hydro MG — life of system

years

Hydro MG — generation operational cost

percent of initial investment cost
per year

5 000
50 %
30
2%

Wind mini-grids
Wind MG — investment cost

USD/kW installed power capacity

Wind MG — life of system

years

Wind MG — generation operational cost

percent of initial investment cost
per year

3 000
20
2%

Solar — standalone systems (SA50)
Solar SA — investment cost

USD/kW installed power capacity

Solar SA — life of system

years

Solar SA — operational cost

percent of initial investment cost
per year

5 780
10
5%

48

This is the assumed “pump price” at the nearest town, which is used as the base price while the additional transportation cost of
the diesel to each specific location is calculated using the spatial “travel time to nearest town” dataset.

49

All solar and wind mini-grid system costs include any required battery system costs in the listed assumed cost values.

50

Standalone systems to do not require a distribution system, and individual household connection costs are included in the system
investment cost
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Parameter

Units

Assumed Value

Diesel — stand-alone systems (SA)
Diesel SA — investment cost

USD/kW installed power capacity

Diesel SA — life of system

years

Diesel SA — efficiency (average)

percentage

28 %

Diesel SA — operational cost

percent of initial investment cost
per year

10 %

938
10

Source: KTH OnSSET default values as of 2018, and authors’ own analysis
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APPENDIX 2:

Call for enumerators
(in French)

ELECTRIFYING DR CONGO: IDENTIFYING DATA-DRIVEN SOLUTIONS | PHASE 1 REPORT | NOVEMBER 2020

195

resource matters

❧ Recueillir tout autre document, informations pour contribuer à une meilleure
compréhension des problèmes énergétiques dans la ville-province de
Kinshasa ;
❧ Mener des entretiens avec des agents de la SNEL, des cadres universitaires et
des particuliers sur les solutions ou méthodes nécessaires pour améliorer les
problèmes énergétiques à Kinshasa.
❧ Participer à d'autres activités de programme pertinentes, en accord avec le
coordonnateur du projet ;

Profil
Qualifications requises
❧ Diplôme universitaire en électricité, cartographie, sciences sociales et
politiques, sciences agronomiques, foresterie ou autres disciplines connexes ;
❧ Expérience confirmée dans la conduite des enquêtes sur le terrain ;
❧ Compétence avérée sur la rédaction de rapport ;
❧ Bonne expression écrite et orale en français et en lingala ;
❧ Connaissance dans l'utilisation de la technologie, l'ordinateur (ordinateur
portable, téléphone Android)
❧ Bonne connaissance des outils informatiques courants (Word, Excel, Internet) ;
Compétences requises
Courtoisie (essentielle);
Sens élevé de l'organisation et du travail en équipe ;
Capacité de travailler avec les communautés ;
Sens de l'initiative, l'analyse et la prise de décision ;
Être capable de travailler seul et sous pression ;
Être capable de marcher à pied pendant la journée et parfois dans des
conditions difficiles ;
❧ Être capable de travailler dans les zones rurales de la ville de Kinshasa ;
❧ Adhérer aux valeurs d’éthique de Resource Matters qui sont : compétence,
Optimisme, détermination et efficacité (obligatoire).

❧
❧
❧
❧
❧
❧

Soumission des candidatures :
Resource Matters invite les personnes intéressées à présenter une demande pour les
services décrits ci-dessus. Les candidats intéressés qui remplissent les conditions cidessus sont priés d'envoyer une lettre de motivation avec un CV mis à jour et trois
personnes de référence à l'attention du coordonnateur de resource matters à
l'adresse suivante :info@resourcematters.org.
Les manifestations d'intérêt doivent être rédigés en français et doivent être envoyés
par e-mail à l'adresse ci-dessus avant le 10 Septembre 2019 à 17 h00 et doit
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impérativement, de manière très claire porter le titre de la position : « Candidature
Enquête Terrain Kinshasa 2019 ».
Seuls les candidats retenus seront contactés.

Resource Matters
Resource Matters / Coordonnateur du projet RDC
14, Avenue Moke Sergent, Kinshasa / Ngaliema
République Démocratique du Congo
Téléphone : 081 364 7771
Email :info@resourcematters.org
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Glossary of acronyms
AFREC

African Energy Commission

AICD

Africa Infrastructure Country Diagnostic

AIKP

Africa Infrastructure Knowledge Program

AIMS

ASIA Pacific Integrated Model

AMDA

Africa Minigrid Developers Association

ANAPI

Agence Nationale pour la Promotion des Investissements

ANSER

National Agency for Rural Energy Services

ARE

Alliance for Rural Electrification

CAID

de Développement Cellule d’Analyse des Indicateurs

CDSUNIKIN

Chaire de Dynamique Sociale

CGE

Computable General Equilibrium

CI

Cellule Infrastructures

CIESIN

Centre for International Earth Science Information Network (Columbia University)

CVS

Comma-separated values format

DEM

Digital Elevation Models

DFID

Department for International Funding

DIAF

Direction des Inventaires et Aménagement Forestiers

DNB

Day/Night Band

DNI

Direct Normal Irradiation

DRC

Democratic Republic of Congo

DTU

Technical University of Denmark

EC

European Commission

EMP-A

Energy Modelling Platform for Africa

EOG

Earth Observations Group

ESA

Energy Systems Analysis

ESPK

Ecole de Santé Publique de Kinshasa

ESSOR

Rapport de Prévision de la Demande

ETSAP

Energy Technology System Analysis Programme
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FAO

Food and Agriculture Organisation

FEC

Federation des Entreprises du Congo

FEEM

Fondazione Eni Enrico Mattei

GAMS

General Algebraic Modelling System

GDP

Gross Domestic Product

GECO

Geology for an ECOnomic sustainable development

GEP

Global Electrification Platform

GEOSIM

Geospatial Simulation

GHSL

Global Human Settlement Layers

GIS

Geographic Information System

GLC-SHARE

Global Land Cover Share Database

GOGLA

Global Off-grid Lighting Association

GW

Gigawatts

HIVA

Research Institute for Work and Society

HOMER

Hybrid Optimisation of Multiple Energy Resources

ICT

Information and Communication Technologies

IEA

International Energy Agency

IED

Innovation Energié Développement

IGC

International Growth Centre

IIASA

International Institute for Applied Systems Analysis

IMF

International Monetary Fund

IPIS

International Peace Information Service

IRENA

International Renewable Energy Agency

JRC

Joint Research Centre

KML

Keyhole Markup Language

KTH

KTH Royal Institute of Technology in Sweden

LEAP

Long-Range Energy Alternatives Planning

LPG

Liquid Petroleum Gas

MAED

Model for Analysis of Energy Demand

MARKAL

MARKet ALlocation

MDGs

Millennium Development Goals

MEDD

Ministry of Environment and Sustainable Development

MESSAGE

Model for Energy Supply System Alternatives and their General Environmental Impacts

MTF

Multi-Tier Framework

MONUSCO

United Nations Organization Stabilization Mission
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mVAM

Vulnerability Analysis and Mapping project

NASA

National Aeronautics and Space Administration

NBD

Nile Basin Discourse

NELSAP

Nile Equatorial Lakes Subsidiary Action Programme

NEMS

National Energy Modelling System

NRECA

National Rural Electric Cooperative Association

NREL

National Renewable Energy Laboratory

OCHA

Office for the Coordination of Humanitarian Affairs

ODA

Official Development Assistance

ODR

Office des Routes

OEMOF

Open Energy Modelling Framework

OFAC

Observatoire des Forêts d’Afrique Centrale

OnSSET

Open-Source Spatial Electrification Tool

OPTA

Optimum tilt of PV module to maximise the yearly yield

OSeMOSYS

Open Source energy Modelling SYStem

OSFAC

Observatoire Satellital des Forets d’Afrique Centrale

PYPSA

Python for Power System Analysis

QGIS

Quantum Geographic Information System

RBINS

Royal Belgian Institute of Natural Sciences

RE

Renewable Energy

REM

Reference Electrification Model

RESOLVE

Renewable Energy Solutions Model

RGC

Référentiel Géographique Commun

RLI

Reiner Lemoine Institute

RM

Resource Matters

RMCA

Royal Museum for Central Africa

SDGs

Sustainable Development Goals (UN)

SEDAC

Socioeconomic Data and Applications Centre

SE4ALL

Sustainable Energy for All

SNEL

Société Nationale d’Électricité

SNIS

Système National d’Information Sanitaire

SPSS

Statistical Product and Service Solutions

SRTM

Shuttle Radar Topography Mission

SWITCH

Solar and wind energy integrated with transmission and conventional sources

TEMBA

The Electricity Model Base for Africa
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TEMOA

Tools for Energy Model Optimisation and Analysis

TIMES

The MARKAL-EFOM System

UCM

Unité de Coordination et de Management (Unit of Project Coordination and
Management of the Ministry of Energy of the DRC)

UCT

University of Cape Town

UL

Underwriters Laboratories

UN-DESA

United Nations Department of Economic and Social Affairs

UNESCO

United Nations Educational, Scientific and Cultural Organisation

UNFCCC

United Nations Framework Convention on Climate Change

UNICEF

United Nations Children’s Fund

UNJLC

United Nations Joint Logistics Centre

UNMACC

United Nations Mine Action Coordination Centre

UNOPS

United Nations Office for Project Services

UPS

Uninterruptible Power Supply

USAID

United States Agency for International Development

VIIRS

Visible Infrared Imaging Radiometer Suite

WAsP

Wind Atlas Analysis and Application Program

WB

World Bank

WFP

World Food Programme

WRI

World Resources Institute

ZIC

Zones d’Intérêt Cynégétiques

ZICGC

Zones d’Intérêt à gestion communautaire (community-managed hunting zones)

ZoVIC

Zones villageoises de chasse (village hunting zones)
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Resource Matters
www.resourcematters.org
info@resourcematters.org

Energy Systems Research Group,
University of Cape Town
http://www.epse.uct.ac.za/esrg

