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1. Background

According to IEA, 578 million people in sub-Saharan Africa did not have access to electricity in 2019, with the
electrification rate remaining at 48%. In Angola, this number is even lower, with an electrification rate of 43% (Figure 1),
corresponding to 18 million without electricity access, being one of the 20 countries with the lowest electrification rates
iNn the world. To improve electricity access, the Minister of Energy and Water of Angola (MINEA) under the “Angola
Energy 2025" program, defined the expansion of the power system mainly with hydropower plants, most of them
located in Kwanza River (Figure 2). This initiative is justified by the large hydropower potential of the country, estimated
at more than 18 GW. Angola occupied in 2017 fourth place in the list of countries with the highest percentage of
hydropower in its generation mix, currently representing more than 63% of the total capacity (Figure 3). However, the
current dependence of the electricity sector on hydropower does not ensure the reliability of the power system,
especially in drought periods. It is crucial the introduction of the new Renewable Energy Sources (RES) that also present
high potential in the country, namely: solar photovoltaics, wind, and biomass (Figure 4). Additionally, the
complementarity between RES in the different regions of the country should be considered to smooth the impact of
renewable generation intermittency. Yet, there is also an urgent need to think of decentralized solutions for remote
locations, instead of a complete expansion of the electrical grid that is a slow and expensive process. Therefore, this
investigation proposes to answer the following questions: (1) What areas should be served by the electrical grid or by
decentralized solutions? (2) What are the best decentralized solutions to guarantee electricity to remote populations?
(3) How can the reliability of the power system be ensured in drought periods with a system based on RES? The
literature presents multi-objective models that analyse the expansion of power systems with RES integration. However,
these are seen from the perspective of countries with a high electrification rate. The present research proposal aims to
develop a power generation expansion planning model with new RES integration suitable for Angola and that can be
replicated to countries with low electrification rates, with a focus on countries in the SADC region whose average
electrification was 47% in 2019. The model will consider aspects such as: the costs of expanding the electrical grid, the
integration of intermittent RES into the electrical grid, the complementarity between RES and regions, distributed
generation (microgrids), flexibility requirements ensured by hydropower and other storage options, environmental
impacts, economic restrictions, and population density. To this end, government studies, plans, and targets for the
electricity sector, population data and other sources characterizing energy resources in Angola will be used. The main
goal is to present a methodology that can provide solutions and help policymakers in the development of strategies for
the expansion of the power sector by 2050.
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Task 1 - State-of-art
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Thermal and information related to current technologies in the power sector.

A deep review of relevant and recent literature will be done during the
whole period aiming to identify methodologies, opposite points of view,
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1 - Review of the power generation expansion planning approach.
2 - Current state of RES and their integration in the power sector.
3 - Complementarity between RES and regions.
4 - Decentralized energy solutions using RES.
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Institutions such as World Bank, IEA, IRENA, REN21.

the INAMET and MINEA.
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Task 3 — Assessment of the Angolan renewable energy potential

5 - Plans, strategies, laws, and decrees of the Angolan government for the

1—To compare studies developed by MINEA with data available in different

2 — To assess wind speed, solar radiation and precipitation using data from

et Task 5 - Assessment of decentralized solutions
~ S S | Data about specific location of population groups across the country will
N N be evaluated based on:
it 1 - Census by the National Statistics Institute — INE, or
| 7 2 — Using a geographic information system (GIS).
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GIS is a powerful tool to determine the cost-optimal

Solar power

demand.

mode of
electrification. OnSSET will be used to better determine the cost-optimal
combination of grid-connected and off-grid systems mainly to serve rural

Task 7 — Analysis, discussion, and validation of the results
I

technical, economic and social perspectives.

The model formulation will be applied to Angola, considering time interval
between 2022-2050, with sub-periods of 5 years. Several simulation
scenarios will be applied to consider different points of view from the
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Figure 4 - Angola’s renewable energy potential (MINEA, 2015) goals.

3. Expected results 4. Conclusion
The expected result is to present a methodology that can
provide solutions and help policymakers in the
development of strategies for the expansion of the power
sector by 2050. For the case of SSA, mainly SADC
countries that present similar characteristics in terms of
resources, such methodology should also serve as a
technical and scientific reference, to improve the power
sector and consequently increase the access to electricity
for most populations.

used to acquire Information about the distribution

populations groups.
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The results will be compared with other studies and with the governmental

The main objective of the proposed thesis is to develop a Multi
Objective Linear Programing for power generation expansion
planning to the large-scale integration of renewable energy
sources In developing countries with limited initial electricity
infrastructure, which means, low electrification rate. The model
will consider decentralized solutions (mini-grids or off-grid),
most for rural communities as well as the complementarity
between the sources and regions. The case of study will be the
Angolan power sector. A geographic information tool will be

of

Task 2 — Characterization of the Angolan power system

Information from MINEA will be provided through the institutions,
companies, and organizations under its tutelage.
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1 - Identifying the main challenges and barriers.

2 - Forecasts of future demand.

3 - Plans for the power system evolution.

4 - Historical data on the evolution of the sector.

5 - Identification of ongoing projects to improve the reliability of the
electrical system.

Task 4 — Integration of renewable energies sources in power system

This task aim to evaluate which renewable technologies can
present feasibility to be integrated into the generation mix and the
best technologies to be exploited in each region.

|
The main contribution from this task will be the assessment of the
complementarity between renewable sources and regions, dividing
the Angolan territory into regions according to its renewable

potential.
Task 6 — Model formulation

A MATLAB programing will be implemented to solve this problem.

|

1 - Considers the application of decentralized solutions (mini-grids
or off-grid).

2 - Large-scale renewable penetration into the Angolan power
generation mix by 2050.

3 - Complementarity between the RES and regions.

Task 8 — Dissemination of the results and thesis writing

Documentation of the work and the dissemination of the results.
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