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Abstract 
The socioeconomic development of any region requires electricity for operating the various sectors of the econ-
omy. Sometimes energy is scarce, not only because of the lack of energy resources, but also because energy 
policy is inadequate or non-existent. This paper examines the situation in the province of Namibe, Angola, char-
acterising the energy sector, and proposing an energy mix for the security of electricity supply, environmental 
protection and sustainable economic development. Using the Long-range Energy Alternative and Planning Sys-
tem, energy scenarios were simulated and the greenhouse gas emissions (GHGs) for the period 2014 -2040 cal-
culated and analysed. The most sustainable scenario, in terms of energy mix diversification and GHG reduction, 
as well as the least costly (considering electricity production and carbon costs), has an increase of hydro ca-
pacity and the insertion of wind, solar photovoltaic, thermoelectric sources and natural gas. Given the inter-
mittency of photovoltaic and wind systems, natural gas appears in this scenario as a way to avoid interruptions 
in the electricity supply. This scenario is the one with the largest production reserve margin of 24.47 %, and 
emissions are avoided at 386 550 tCO2eq compared to the base scenario in 2040. Energy policymakers can take 
this scenario as a model to assist in making decisions on how power capacities can be installed over the planned 
time for the desired energy output. 
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1.  Introduction 

Electricity is essential for the economic develop-
ment of any country or region. In the case of Angola,  
and Namibe province in particular, the rate of elec-
tricity access is very low. Only about 30% of the An-
golan population had access to electricity in 2017,  
and for Namibe the rate was 32% (ENDE EP, 2018),  
depriving the majority of the population of the 
goods and services provided by electricity. One of 
the biggest challenges for this province is the way 
its energy needs will be met for the coming decades .  
The provincial government of Namibe, in its Master 
Plan for Socioeconomic Development for 2013 -
2017 (GPN, 2013), aimed to develop fundamental  
infrastructures, highlighting the increase of energy  
capacity with the construction of more thermoelec-
tric power plants and the rehabilitation of another.  
This increase intended to include energy from the 
Tômbwa wind farm, from the Baynes dam on the 
Cunene River, and from the Tômbwa diesel-solar 
photovoltaic hybrid plant. However, only the last of 
these is in an advanced stage of implementation,  
and all the projects are nationwide (DNERL, 2018; 
GPIESTN, 2018; MINEA, 2015; Rede Angola, 2016). 

Angola’s primary sources of electricity are hy-
dro, diesel and natural gas. Projects concerning the 
use of solar resources are underway, in an experi -
mental phase, and they will operate in a hybrid re-
gime alongside diesel. The use of natural gas  
requires adequate infrastructures, from transporta-
tion to storage, and it seems that these conditions  
have not yet been created for Namibe, as in many 
parts of Angola. The Namibe energy sector is de-
pendent on the decisions of the central government,  
and local government has no direct decision on the 
planned projects. Furthermore, local projects will 
not bring significant improvements to the energy  
sector, because they are low-level investments, and 
there seems to be virtually no energy planning at 
the province level. 

The energy problems are nearly the same for all 
Angola. The major cities still struggle with the lack 
of energy supply; for the majority of municipal  
headquarters, which are the secondary cities, the 
main source of energy is thermal, also with limita-
tions. There is a need to review the country’s energy  
policy. The lack of access to modern energy services 
is considered as energy poverty, and constitutes a 
global challenge for development (Dornan, 2014).  
Energy has always played a key role in social devel-
opment of societies (Sebri & Ben-Salha, 2014), and 
this should also be expected for Namibe. This en-
ergy must be efficient, uninterrupted, capable of 
satisfying demand; and its generation, transport 
and distribution must consider not only the preser-
vation of the environment, but also the rationalisa-
tion of natural resources. 

In this context, the main objective of this work is 
to propose an energy mix that guarantees security  
of electricity supply, environmental protection and 
sustainable socio-economic development for Na-
mibe. The choice of Namibe as a case study is based 
on the following considerations: the sources that 
make up the power generation sector in Namibe do 
not have the capacity to produce the electricity nec-
essary to meet the growing demand and drive the 
desired socio-economic development, and in turn 
these sources of energy generation continue to be 
unsustainable with regard to protection of the envi-
ronment and security of the electricity supply. 
These problems are associated inadequate or non-
existent energy policies. Consequently, it is im-
portant to create energy scenarios to obtain the 
most diversified, least costly, and most sustainabl e 
supply, while at the same time guaranteeing access 
to electricity for the entire population, in order to 
minimise the energy crisis in the province. To this 
end, this paper has specific aims: (i) to characterise 
the current state of Namibe’s energy sector; (ii) to 
determine the electricity consumption needs for 
the coming decades; (iii) to analyse greenhouse gas  
(GHG) emissions in all scenarios; (iv) to analyse the 
energy production costs by technology and the 
equivalent CO2 emission costs by scenario in the 
year 2040. The Long-range Energy Alternative and 
Planning System (LEAP) program is used to simu-
late and analyse future energy scenarios for elec-
tricity supply and GHG emissions for the period 
2014–2040.  

Several models of energy planning have been 
developed to help policymakers on energy supply 
and demand policies internationally. These are 
tools that help identify the best combination of sup-
ply options for the short, medium and long terms 
(Vilar et al., 2012), providing insights into how en-
ergy systems may evolve in the future, but they do 
not require a specific tool for a specific task 
(Ouedraogo, 2017a). According to Ouedraogo 
(2017a), the models with the purpose of creating 
scenarios stand out from MARKAL/TIMES, MES-
SAGE and LEAP.  

For MARKAL/TIMES, they are general use 
model generators adapted by the input data to rep-
resent the evolution over a period, generally 20 to 
50 or 100 years, of a specific energy-environmen t al  
system at a global, multi-regional, national,  
state/province, or community level. This model was 
used in the study carried out by Contaldi et al. 
(2007), which evaluated the general effects of the 
Italian obligation to supply renewable electricity  
and compared the contribution of each energy  
source expected to the economic equilibrium mix 
resulting from computable economic equilibrium 
scenarios. Bouckaert et al. (2014) carried out a 
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 study in Réunion Island, where the program used 
was also MARKAL/TIMES, which enabled the as-
sessment of the impact of demand response on fu-
ture electrical systems and the extent to which they  
could facilitate the dissemination of large amounts  
of renewable energy, maintaining a certain level of 
reliability.  

The MESSAGE model is used to optimise energy  
investment decisions in order to find the best solu-
tions. This means that operating and investment 
cost data are of primary importance in this model. 
This model was used in the study of Hainoun et al. 
(2010) in Syria, which consisted of a long-term en-
ergy supply optimisation strategy based on mini-
mising the total system costs for the entire study  
period, 2003–2030. The model was also used by 
Fairuz et al. (2013), to analyse the cost of energy ex-
pansion and the resulting carbon footprint in Ma-
laysia for the period 2009–2030. 

This paper highlights LEAP, developed by the 
Stockholm Environmental Institute, and adopted by 
thousands of organisations in more than 190 coun-
tries (SEI, 2005). LEAP is a scenario-based energy -
environment modelling tool, in which the scenarios  
are based on comprehensively accounting for the 
way energy is generated, converted and consumed 
in a particular region or economy, under a set of hy-
potheses about population, economic and techno-
logical development and costs, among others. It has 
flexible structures and allows a rich analysis of the 
technological specifications and details that may be 
chosen by the user (SEI, 2005).  

Some works based on this tool have focused on 
the projection of the energy supply and/or analysis 
of GHG emissions in some countries, and their im-
plications in the respective energy policies. LEAP 
was used by Ouedraogo (2017a; 2017b) to analyse 
and forecast energy demand and related emissions 
under alternative strategies in Africa. The results al-
lowed defining the policies for accelerating the elec-
tricity access and for promoting renewable energy  
sources, energy efficiency and their environmental  
implications. To our knowledge, these are the only 
two studies applying LEAP in African countries.  
Nevertheless, there are other relevant studies ap-
plied to China, Brazil, Iran and India. For China,  
Zhou et al. (2014) used LEAP to simulate energy de-
mand and carbon dioxide (CO2) trends by 2050. For 
a substantial reduction in CO2 emissions, it was rec-
ommended to establish a long-term low-carbon de-
velopment strategy that consists of improving 
energy efficiency, optimising the energy structure,  
implementing low-carbon technologies, and estab-
lishing market-based economic instruments (in this 
case the removal of clean energy subsidies). In the 
study by De Andrade et al. (2015), based on the evo-
lution trend of the Brazilian energy matrix, where 
the probable scenarios of GHG mitigation are ex- 

posed, the LEAP tool was used to assess future 
scenarios and trends in energy generation, as well 
as projections of demand and supply of electricity  
in the period 2010–2030. These scenarios highlight 
the promotion of the combination of renewable en-
ergy sources and energy efficiency, which allows 
Brazil to have a differentiated performance in the 
generation and use of energy. Nojedehi et al. (2016) 
used LEAP to estimate the energy and non-energy  
emissions of the city of Tehran (Iran) for the period 
2012–2035. The results showed that, of the two sce-
narios created, business-as-usual and sustainabl e 
waste management, the latter presents a GHG re-
duction, and that the landfill gas plant could provide 
around 0.5 GWh of energy in 2016, with an incre-
mental trend that in 2035 could reach 0.9 GWh, 
which could represent a service of 1.77% of energy  
demand for Tehran in that year. For India, Kumar & 
Madlener (2016) assessed the effects of the use of 
renewable energy sources on electricity supply sys-
tems and estimated CO2 emissions through the de-
velopment of several scenarios under the lowest-
cost approach for the period 2010–2050, using the 
LEAP tool. The results showed that, in a scenario of 
accelerated renewable energy technology, the en-
ergy generated by renewable energy sources would 
have a share of 23% in the energy mix and 74% of 
CO2 emissions would be reduced by 2050 compared 
to the business-as-usual scenario. However, if this 
scenario is combined with the maximum potential  
for energy savings, the share of renewable energy  
sources in the generation of electricity could rise to 
36%, but the reduction of emissions would remain 
at 74%.  

For the present work, given its objectives, the 
LEAP tool was chosen for its flexibility and ease of 
use, and for allowing that even with few variables  
related to population, consumption, production and 
installed power of sources, it was possible to esti-
mate energy supply and the calculation of GHG 
emissions, which are key data in this work. The lim-
ited availability of data for Namibe, the studied re-
gion, made this the obvious choice. This fact is 
reinforced by Ouedraogo (2017b) regarding devel-
oping countries in Africa. These countries do not 
have enough information to ensure the quality of 
time series data, which are required in other mod-
elling tools, so that using LEAP, whose energy mod-
elling structure requires only detailed statistical  
data for the base year, is advisable.  

This research on Namibe is the first of its kind in 
Angola, and may be seen as a starting point to sup-
port future research in the energy sector in the 
country. It may serve to stimulate work for the de-
velopment of renewable energy sources and may 
serve as an instrument to assist energy policymak-
ers in decision-making on the supply and demand 
of electricity for Namibe, and may be extended to 
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other regions of Angola. It may also make Angolan 
society aware of the benefits that the development 
of renewable energy sources may bring to socio-
economic development, to improvements in educa-
tion, information and health. Moreover, despite be-
ing a local study, both the methodology and the type 
of policies proposed can be replicated in other re-
gions of Africa. There is a gap in the literature, since 
there are practically no studies on this theme for Af-
rica, and there is much similarity among African re-
gions in relation to: (i) the current state of energy  
consumption, particularly in situations of energy  
poverty; (ii) the structure of energy consumption,  
composed essentially of fossil fuels; (iii) the poten-
tial for the development of renewable energies; and 
(iv) the obstacles to a balanced and sustainable en-
ergy supply.  

This paper is structured as follows. This intro-
duction is followed by section 2, presenting data 
and details about the methodology; section 3 pre-
sents the results and discussion; and section 4 of-
fers conclusions and policy recommendations. 

2. Methodology and data 

As described above, LEAP software was used in cre-
ating future energy scenarios and in calculating 
GHG emissions in electricity generation for 2020–
2040 for Namibe.  

The selection of energy generation technologies  
that integrate each energy scenario created by 
LEAP assumed the proposals of the local and central  
governments and the objectives mentioned above.  
Likewise, it began with the identification of energy  
resources of greater availability both locally and na-
tionally, given their potential to integrate the pro-
posed energy scenarios. The energy policy 
proposals were based on modelling policies already  
successfully implemented in other African coun-
tries such as Morocco (Kousksou, Allouhi et al., 

2015; Kousksou, Arid et al., 2015), Ghana (Abuba-
kar Mas’Ud et al., 2016; Atsu et al., 2016), Kenya 
(Abubakar Mas’Ud et al., 2016), Cameroon (Wirba 
et al., 2015), and Nigeria (Ohunakin et al., 2014; 
Emodi & Boo, 2015). 

Based on the defined aims and on the chosen 
methodology, the composition of the sustainabl e 
energy mix for Namibe is proposed. Electricity con-
sumption is forecast for 2020–2040, based on the 
ratio established between the population projected 
for the same period and the average per capita elec-
tricity consumption of the six top Southern African 
Development Community (SADC) countries in 
2016. Four energy supply scenarios were created,  
including GHG emissions projections. It was possi-
ble to determine the most sustainable scenario re-
garding the diversification of sources and the 
minimisation of GHG emissions. 

Population data was obtained from the National  
Statistics Institute of Angola (INE) projection for 
2014–2050. Per capita energy consumption, popu-
lation and rate of access to electricity from SADC 
were taken from the websites of the International  
Energy Agency (IEA), Populationf.inf, The Global 
Economy, and Worldmeters. The factorisation of 
the average value of per capita consumption by the 
projected population allowed determining the con-
sumptions of electric energy required for Namibe in 
2020–2040. 

Until the 8th Consultative Council of Ministry of 
Energy and Water Angola’s (MINEA) electricity pro-
duction had two generation sources, hydro and 
thermal, with installed capacity of 2662.12 Mega-
watts (MW) and 1746.99 MW respectively, totalling 
4409.11 MW by 2018 (PRODEL EP, 2018). Figure 1 
shows the evolution of installed capacity in 2012 -
2018 in the different electricity systems of Angola.  
Figure 2 shows the evolution of electricity supply in 
2012-2018 (ENDE EP, 2018).  

 

Figure 1: Installed power in the Angolan electricity system, 2012–2018 

(PRODEL–EP, 2018). 
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Figure 2: Electricity supply in Angola, 2012–2017 (ENDE–EP, 2018). 

In 2017, there was a reduction in the supply of 
electricity. This resulted from the disturbances of 
power generation in the Capanda and Cambambe 
hydroelectric plants due to the filling of the reser-
voir of the Lauca hydroelectric project, since all of 
them were built on the Cuanza River (PRODEL EP, 
2018). Similarly, the droughts of 2017 contributed 
negatively to generation in that year (PRODEL EP, 
2018). It is expected that in 2018 energy produced 
was higher than in 2016 due to the increase in in-
stalled capacity of 1203.41 MW and because there 
were no known disturbances in the main hydroelec-
tric plants during 2018. 

Angola has a land area of 1 246 700 square kilo-
metres (km2). Its population was estimated at 28.36 
million in 2017, of which 61% were living in urban 
areas, and 30% had access to electricity distributed 
by ENDE–EP (ENDE EP, 2018; INE, 2016a). Table 1 
shows the evolution of population and access to 
electricity in the years 2014 and 2017. 

Table 1: Population with access to electricity, 
2014 and 2017. 

Source: Own elaboration based on data from ENDE 
EP (2018) and INE (2014; 2016a; 2016c) 

  2014 2017 

Estimated population  25 789 024 28 359 634 

Population supplied  8 235 650 8 507 890 

Access to electricity (%) 32 30 

 

From 2014 to 2017, only about 272 240 addi-
tional people benefited from the electricity supply 
distributed by ENDE-EP, which accrued 8 507 890 
beneficiaries, but the difference in population 
growth was 2 570 610 inhabitants. This shows that 
the pace of population growth is not followed by the 
electricity supply. Even in urban areas, most people 
do not have access to electricity.  

The province of Namibe has only two sources of 
electricity: hydro, located in Matala, Huíla province,  
about 360 km from the city of Moçâmedes (Namibe), 

from which 9 MW of power has been made availa-
ble, and a diesel thermoelectric plant, which in 2018 
had 42.6 MW of available power (GPIESTN, 2018).  
The thermoelectric source is dominant,and sup-
plied 100% of the electricity generated in 2018, due 
to the unavailability of hydro due to rehabilitation 
and modernisation issues (GPIESTH, 2018; 
GPIESTN, 2018). 

In 2014, it was not possible to meet the energy  
needs of the population, and 70% of the population 
of Namibe had no access to electricity from the net-
work. The situation has worsened, and in 2017 only 
32% of the population had access (ENDE EP, 2018).  
Namibe's energy sector has shown to have no sig-
nificant investments to increase the installation ca-
pacity or to expand the electricity distribution 
network to meet the demand, partly justified by 
population growth (ENDE EP, 2015).  

2.1 Base year  
The year 2014 was chosen as base year as it was the 
year that gathers more official information about 
the variables that were used in LEAP. Moreover, in 
this year the INE conducted the first census of the 
population after independence (INE, 2016c). This 
source allowed data to be obtained for Namibe and 
for Angola, on the number of inhabitants, on access 
to electricity from the network, on the number of 
households, and on the average number of individ-
uals per household. Moreover, in this year, the 5th 
Consultative Council of MINEA published historical 
data on energy consumption and generation 
(MINEA, 2015). This information reported in 2014,  
both by INEA and MINEA, was the main input data 
for LEAP. In the base year, Namibe installed capac-
ity was 34.20 MW for all sources supplying electric-
ity and the electricity produced was 164 700 
Megawatt-hours (MWh) (DPEAN, 2014; ENDE EP, 
2015). The population was estimated at 495 326,  
63.73% of whom live in cities, and only 30% of the 
province’s total population had access  to electricity; 
the number of households was 97 018 each with an 
average of five members (INE, 2016c). 
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For the energy balance discussed here, only 
electricity was considered. There was no infor-
mation about energy for cooking and heating pur-
poses from firewood/biomass and liquefied 
petroleum gas (LPG). The emissions presented for 
the use of diesel and natural gas were obtained on 
the standard emission factors suggested by the In-
tergovernmental Panel on Climate Change, incorpo-
rated by the LEAP software itself. Processes that 
represent the two central power generators in 2014 
are shown in Table 2.  

Table 2: Source of electricity in base year, 2014.  
Source: Own elaboration based on DPEAN (2014) 

Type of plant  Installed  
capacity (MW) 

Energy pro-
duced (MWh)  

Diesel thermo-
electric  

25.2 130 840 

Hydroelectric  9.0 33 860 

Total  34.2 164 700 

2.2 Reference year  
The reference year was 2040, allowing planning 
over a long period, with a 20-year timeframe 

(2020–2040). Predictions for Namibe points to 
1 100 773 inhabitants (INE, 2016b) and to an elec-
tricity consumption of 2 540 000 MWh. Due to a 
lack of current information on the breakdown of en-
ergy consumption by consumers, it was also not 
possible to predict their unbundling for the refer-
ence year. In this way, the projected energy genera-
tion will be for the fulfilment of total annual  
consumption over the period 2020–2040.  

From 2020 onwards, other energy sources such 
as wind, solar photovoltaic, thermoelectric and nat-
ural gas were added, as well as the increase of hydro 
capacity installed. The introduction was initially 
made on a small scale, and gradually progressed up 
to the year 2040. Four energy scenarios were simu-
lated: A, B, C and D, with data for the resident pop-
ulation, energy sources, energy consumed and 
generated. In addition, the prospects of local and 
central governments were considered.  

Despite being a local study, both the methodol -
ogy and the type of policies proposed can be repli-
cated to other regions of Africa. Therefore, in Figure 
3, a flowchart is presented on the steps followed for 
the application of this study in Namibe, and in An-
gola as a whole, and elsewhere in Africa. 

 

Figure 3: Flowchart on the planning methodology for Namibe. 

Source: Own elaboration  
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3. Results and discussion 
In all scenarios, installed generation capacity re-
mained constant from the base year until 2016. In 
2017, there was an increase of 10 MW in the in-
stalled capacity of diesel thermoelectric (from 25.2 
MW to 35.2 MW). In addition, the thermal power 
available was increased in 2018, to 42.6 MW, but 
hydro power was out of service due to the rehabili -
tation and modernisation of the Matala plant. In the 
other years installed capacity increased due to 
LEAP simulation, in line with the projected energy  
requirements for 2040, as there was no information 
on the local or central government strategy to in-
crease production capacity. After 2018, the scenar-
ios differ in their installed capacity, given the nature 
of electricity sources that integrate the respective 
scenarios. These installed capacities suggested by 
LEAP in each scenario may serve as a guiding map 
on how installation capacities may be inserted 
throughout the planning period so as to meet the 
expected demand in each year. The production of 
electricity was planned to satisfy the energy re-
quirements in the reference year 2040, in which the 
expected electricity consumption is about 
2 540 000 MWh.  

3.1 Scenario A  
This scenario only considered the actual sources of 
electricity generation: thermoelectric diesel plant 
and hydro. It considered an increase in the thermo-
electric plant capacity, whose projected installation 
power is 600 MW, after simulation in LEAP, to meet 
the projected needs in 2040. Hydro remains with 
the same energy supply capacity. These hypotheses  
considered the local government prospects, that 
point to an increase in the use of diesel thermoelec-
tric sources (GPN, 2013). However, the total in-
stalled power of the two power sources is 609 MW, 
which corresponds to the installed power required 
to produce the desired electricity for 2040.  

From 2018 to 2040, an increase of 1308.45% of 
thermoelectric installed capacity would be ex-
pected, to produce the energy required for that 
year. 

Table 3: Sources of electricity in scenario A in 
reference year 2040.  

Source: Own elaboration from the data resulting 
from LEAP simulation  

Type of plant  Power ex-

pected (MW) 

Generation ex-

pected (MWh)  

Diesel ther-

moelectric  

600 2 518 640 

Hydroelectric  9 34 120 

Total  609 2 552 750 

Table 3 lists the processes that represent the 
two sources of electricity in the reference year 2040 
and Appendix 1 presents the installation capacity  
(MW), the generation of electricity (GWh) and the 
emission of GHG (thousand metric tons of CO2e) 
and their history for scenario A.  

3.2 Scenario B  
Considering the projects of national scope, there 
was an increase of hydro capacity and the insertion 
of wind and solar sources after 2018. In 2040, it is 
intended that 100 MW of capacity would be availa-
ble from the Baynes hydroelectric plant (DNERL, 
2018; MINEA, 2011, 2015; MPDT, 2012) making 
109 MW of hydropower available to Namibe. At this 
point, wind and solar photovoltaic sources are also 
integrated – two projects of national scope. In the 
region under study, there are winds with average 
annual speeds of 4–8 m/s at 50 m high, fulfilling the 
necessary requirements for the production of wind 
energy (GWA, 2018; MINEA, 2018b), while the av-
erage annual solar irradiation varies between 2000 
and the 2400 kWh/m2, (MINEA, 2018b; SolarGis,  
2014), which represents a considerable energy po-
tential for the production of electrical energy. The 
wind source is located in Tigres Bay, Tômbwa mu-
nicipality (Namibe), with an expected capacity of 
100 MW (DNERL, 2018; MINEA, 2011, 2015; MPDT, 
2012), and the solar photovoltaic source is located 
in Tômbwa, with an expected capacity of 2 MW, 
which will operate in a hybrid regime with diesel 
(DNERL, 2018; GPIESTN, 2018). In this scenario,  
the diesel power plant will have an installed capac-
ity of 500 MW in the simulation of LEAP. The total  
installed power in this scenario is 711 MW, and the 
expected electricity generation from these sources  
is 2 579 830 MWh in 2040. The insertion of wind, 
solar and the Baynes hydroelectric power sources  
result from the plan of the central government to in-
crease electricity generation capacity from these 
sources. The diesel source decreased by 16.67% in 
2040 in its installation capacity compared to the 
same year of scenario A, due to the entrance of wind 
and solar in the generation mix. The processes that 
represent the three power generation plants are 
shown in Table 4. 

After the LEAP simulation, the results of the his-
tory and prediction of the installation capacity, the 
electricity generation and the GHG emission for sce-
nario B are presented in Appendix 2. 

3.3 Scenario C  
In this scenario, the highlight is the increase of solar 
photovoltaic, whose expected capacity is 300 MW of 
installed power in 2040, obtained from the simula-
tion on LEAP, considering the capacity of other 
sources already set out in the previous scenario.  
The projected capacities of hydro and wind power  
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Table 4: Sources of electricity in scenario B in 
reference year 2040. 

Source: Own elaboration from the data resulting 
from LEAP simulation.  

Type of plant  Power ex-
pected (MW)  

Generation ex-
pected (MWh)  

Diesel oil ther-
moelectric  

500 2 069 510 

Hydroelectric  109 317 270 

Wind  100 188 140 

Solar PV  2 4 900 

Total  711 2 579 830 

 
sources remain unchanged, according to central  
government projects. Meanwhile, the capacity of 
the diesel oil thermoelectric plant is reduced by the 
increase in photovoltaics. The purpose of the in-
vestment in a photovoltaic system is to reduce GHG 
emissions, diversify electricity sources, and ensure 
access to electricity for the population of Namibe.  
The total installed capacity foreseen in 2040 for this 
scenario is 839 MW of power, whose expected en-
ergy generation is 2 543 100 MWh for the same 
year. In this case, the processes that represent the 
various power generation plants are shown in Ta-
ble 5.  

Table 5: Sources of electricity in scenario C in 
reference year 2040.  

Source: Own elaboration from the data resulting 
from LEAP simulation.  

Type of plant  Power  
expected in  
2040 (MW)  

Generation  
expected in  

2040 (MWh)  

Diesel oil ther-
moelectric  

330 1 213 020 

Hydroelectric  109 400 990 

Wind  100 145 160 

Solar PV  300 783 930 

Total  839 2 543 100 

 

The insertion of solar photovoltaics allowed the 
reduction of the projected installed power of the 
diesel thermoelectric compared to the previous sce-
narios for the reference year 2040. The solar photo-
voltaic source for this scenario will represent 
35.76% of total installed power. The installed ca-
pacity, electricity generation and expected GHG 
emission and their historical for scenario C are 
given in Appendix 3.  

3.4 Scenario D  
Scenario D, as with scenarios B and C, differs from 
scenario A after 2018, in which the insertion of 
wind, solar photovoltaic and thermoelectric  
sources and natural gas is projected. This scenario 
has five sources of electricity, and therefore is the 
most diversified. The natural gas thermoelectric  
source, whose proposed installed power is 320 MW, 
was included in this scenario with the purpose of 
limiting the increase of diesel thermoelectric. For 
2020-2040, the installed power of the diesel ther-
moelectric has remained unchanged, while the 
other sources have undergone a gradual increase.  
The expected total electricity generation is 
2 553 250 MWh, the installed power projected is 
879 MW, being 36.4% of the natural gas thermoe-
lectric plant, 34.13% of the solar photovoltaic plant,  
12.4% of hydro, 11.38% of wind, and 5.69% of die-
sel thermoelectric. The processes that represent 
power generation plants and installation capacity  
are shown in Table 6. Appendix 4 shows the history 
and prediction of the installation capacity, the elec-
tricity generation and the GHG emission for sce-
nario D. 

Table 6: Sources of electricity of Scenario D in 
reference year 2040.  

Source: Own elaboration from the data resulting 
from LEAP simulation.  

Type of plant  Power  
expected in 
2040 (MW) 

Generation ex-
pected in 2040 

(MWh)  

Diesel oil thermo-
electric  

50 60 360 

Hydroelectric  109 343 870 

Wind  100 153 290 

Solar PV  300 721 440 

Natural gas turbine  320 1 274 300 

Total  879 2 553 250 

3.5 Summary of the scenarios 
Table 7 presents the summary of the four scenarios  
of this work, where the installed capacity of power,  
the production of electric energy and the GHG emis-
sions, projected for the year 2040, can be compared.  

3.5 Greenhouse gas emissions analysis  
Carbon dioxide, methane and nitrous oxide are the 
main GHGs that LEAP has in its assumptions, and 
the global warming potential (PAG) of each element 
for 20 years is 1 tCO2eq, 56 tCO2eq and 280 tCO2eq,  
and up to 100 years is 1 tCO2eq, 21 tCO2eq and 310 
tCO2eq, respectively.  
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Table 7: Summary of the four scenarios. 
Source: Own elaboration 

Type of plant Power expected in 
2040 (MW) 

Generation expected in 2040 (MWh)  
GHG emissions (000 t CO2eq) 
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Diesel thermo-

electric 
600 500 330 50 2 518 640 20 69510 1 213 020 60 360 660.07 542.37 317.90 48.17 

Hydroelectric 9 109 109 109 34 120 317 270 400990 343 870 - - - - 

Wind - 100 100 100 - 188140 145160 153 290 - - -  

Solar PV - 2 300 300 - 4900 783930 721 440 - - - - 

Natural gas  

turbine  

- - - 320 - - - 1 274 300 - - - 225.35 

Total 609 711 839 879 2 552 750 25 79830 2 543 100 2 553 250 660.07 542.37 317.90 273.52 

 
In all scenarios, GHG emissions were equal until 

2018, due to historic data. In 2015 there was a slight 
decrease in GHG emissions compared to the previ-
ous year, because the diesel-based energy genera-
tion is lower than in 2014. From 2018 to 2040 the 
scenarios show a variation in the type of sources, 
the fossil fuel-based electricity generation capacity  
differs and consequently also the level of emissions. 

Figure 4 shows the evolution of GHG emissions 
for 2014–2040 for each scenario (according to the 
data given in the appendices). The data are derived 
from the LEAP software simulation, considering the 
standard emission factors suggested by the IPCC.  
For the reference year 2040 the projected GHG 
emissions will be 660 070 tCO2eq for scenario A, 
542 370 tCO2eq for scenario B, 317 900 tCO2eq for 
scenario C, and 273 520 tCO2eq for scenario D. 

Scenario A is the one that presents more GHG 
emissions over the period. In 2040, GHG emissions 
are expected to be 19.25 times higher than those is-
sued in 2014. It is the scenario where there is a 
higher generation of diesel-based electricity, ac-
counting for 98.67% of the total electricity genera-
tion foreseen for 2040. In Scenario B there is a 
decrease in the generation of energy based on gas  
oil, and a consequent reduction in the GHG emission 
in relation to the scenario A. In the reference year 
the projected GHG emissions will be 15.82 times 
higher than the emissions issued in 2014. In sce-
nario C, the insertion of the solar photovoltaic  
source allowed the reduction of diesel thermoelec-
tricity. Consequently, emissions would be reduced 
considerably compared to scenarios A and B. How-
ever, GHG emissions forecast in the reference year 
will be 9.27 times higher than those in 2014. In sce- 

Figure 4: Evolution of greenhouse gas 

emissions in the period 2014-2040 by scenario. 

Source: Own elaboration from the data resulting 

from the LEAP simulation.  

nario D, the insertion of a natural gas thermoelec-
tric source was done with the aim of minimising the 
increase in the generation of electricity based on 
diesel. There was a decrease in GHG emissions in 
the reference year compared to the previous sce-
narios. However, the GHG emissions forecast in 
2040 will be 7.98 times higher than those issued in 
2014 and represent a reduction of about 59% com-
pared to scenario A for the same year. It worth high-
lighting that in scenario D the expected electricity  
generation based on fossil fuels in 2040 corre-
sponds to a 52.27% share of clean sources, this sce-
nario being the one that emits least GHGs. 
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3.6 Economic analysis of scenarios  
Two important costs were considered for the eco-
nomic analysis of the scenarios: the cost of genera-
tion by technology and the cost of GHG emissions. 
Regarding generation costs, it was necessary to use 
the levelised costs of the generation technologies  
that MINEA defined in its energy projects until 2025 
(Lusa, 2014; MINEA, 2018a), because only the in-
formation on the projected costs for investments in 
the Tômbwa wind farm and the Baynes hydroelec-
tric power plant was available. The Tômbwa wind 
farm costs are estimated at EUR 176.6 million (Rede 
Angola, 2016), while Baynes hydroelectric power 
costs at EUR 1.2 billion, of which 70% will be fi-
nanced by banks, and the remaining 30% will be al-
located 50% for both countries (Angola and 
Namibia) (África 21 Online, 2014; MACAUHUB,  
2013; Sapo, 2014). 

Recent information on the levelised costs of en-
ergy generation in Angola, calculated by technolo-
gies, based on Lusa (2014) and MINEA (2018b) 
indicates that: the diesel thermal was evaluated at 
USD 220 per MWh; the hydroelectric plant varies  
from USD 100–600 per MWh according to the 
power capacity to be installed; natural gas-thermal  

for USD 153 per MWh; wind power for USD 135 per 
MWh and solar photovoltaic at USD 55 per MWh. 
Considering these levelised costs and the estimated 
energy generation for 2040, some calculations were 
made to determine the cost of generating electricity  
by technology (see Table 8).  

As a way of internalising environmental exter-
nalities related with GHG emissions, the energy sec-
tor has to take responsibility for emissions of 
carbon costs and that represents a financial com-
mitment, that may be translated into a tax on the 
environmental externality, based on the polluter 
pays principle. There is no reference to the cost of 
carbon in Angola but, according to world projec-
tions, by 2040 it could cost EUR 50/tCO2eq (EC, 
2016) (about USD 57 in 2019 2019)), increasing to 
EUR 100/tCO2eq in 2050 as a way to coerce the re-
sponsible agents for GHG emissions to rethink their 
investments in generation and consumption units  
regarding the use of fossil fuel for generating of en-
ergy and heat. Calculations of CO2 costs have also 
been made considering GHG emissions by scenario,  
as shown in Appendices 1, 2, 3 and 4, and the esti-
mated value for the carbon cost in the year 2040 is 
presented in Table 8. 

Table 8: Costs of generation of electricity by technology, of CO2 emission per scenario, and the total 
per scenario, in year 2040, for Namibe. 

Source: Own elaboration based on data from MINEA (2018b) and EC (2016) 

Source of generation  
Technology generation 

cost (USD) 
Cost of CO2 emission per 

scenario (USD) 
Total cost per sce-

nario (USD) 

Scenario A  

Diesel oil thermoelectric  554 100 800 37 624 270 593 431 070 

Hydro 1 706 000   

Scenario B 

Diesel oil thermoelectric  455 292 200 30 915 108 541 721 308 

Hydro 31 727 000 – 190 362 000   

Wind  23 517 500  700 356 308 

Photovoltaic  269 500   

Scenario C 

Diesel oil thermoelectric  266 864 400 18 120 462 386 345 012 

Hydro 40 099 000 – 240 594 000   

Wind  18 145 000  586 840 012 

Photovoltaic  43 116 150   

Scenario D 

Diesel oil thermoelectric  13 279 200 15 590 553 317 065 103 

Hydro 34 387 000 – 206 322 000   

Wind  19 161 250   

Photovoltaic  39 679 200  489 000 103 

Natural gas thermoelectric  194 967 900   
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Scenario A is practically dominated by the diesel 
source, with costs reaching USD 554 100 800. Con-
sidering the costs of GHG emissions and other tech-
nology the total value of the scenario corresponds  
at USD 593 431 070. Scenario B consists of four gen-
eration technologies. Depending on the share of 
each of these technologies and on the variation of 
the levelised cost of hydroelectric generation, the 
total cost ranges from USD 541 623 308 to USD 700 
258 308. Scenario C is also made up of four genera-
tion technologies but differs in the share of each.  
Diesel thermal, although with a reduced generation,  
continues being the most expensive source,  
whereas solar photovoltaic presents least cost. The 
cost of generation plus the cost of GHG emissions 
for this scenario ranges from USD 386 345 012 to 
USD 586 840 012. Scenario D consists of five tech-
nologies. The total cost of the scenario ranges from 
USD 317 065 103 to USD 489 000 103. Natural gas  
technology is more cost-effective, as there is a re-
duction in both the cost of generation and the emis-
sion of GHG compared to diesel technology. 

For the levelised cost condition of the hydroelec-
tric technology to be evaluated at USD 100 /MWh,  
or below this, scenario A proves to be the costliest, 
while scenario D is the one with the lowest costs, 
with a reduction of 46% compared to scenario A. 
When the cost of generation is stipulated at USD 
600 /MWh, scenario B is the costliest, while sce-
nario D shows the lowest costs (less 30% compared 
to scenario B), representing a saving of USD 
211 356 205. Generally speaking, scenario D has 
less costs for each hydroelectric technology option 
(USDD 100 /MWh or USD 600 /MWh), since in sce-
nario A the generation with diesel represents only 
2.4% of the total generation of scenario D in the ref-
erence year. This means that the generation of die-
sel-based electricity for the scenarios created in this 
paper is very costly.  

4.  Conclusions  

To meet the energy needs of Namibe’s population,  
it is necessary to change the current picture of the 
electric power system in order to increase its gen-
eration capacity. Faced with the referred chal-
lenges, it is imperative to diversify energy sources, 
considering those that are least aggressive to the 
environment.  

Of the scenarios created in this study, D is the 
most sustainable, in terms of the diversification of 
the energy mix and GHG reduction, as well as the 
least costly (considering electricity generation and 
carbon costs). Energy policy makers can take the 
example of this scenario as a model to assist in mak-
ing decisions on how power capacities can be in-
stalled over the planned time for the desired energy  
output. In this scenario, emissions are avoided at 
386 550 tCO2eq compared to scenario A in 2040,  
and given the intermittency of photovoltaic and 
wind solar systems, natural gas appears in this sce-
nario as an alternative resource to avoid interrup-
tions in the supply of electricity. Although natural  
gas is not a clean resource, it is, however, the lowest 
GHG emitter compared to diesel. 

Given that the province of Namibe has many dis-
persed localities, distributed generation of energy  
based on photovoltaic solar systems and natural gas  
thermoelectric plants would be a good option to en-
sure the supply to these localities and provision of 
universal access to electricity.  

Due to data limitation issues, some subjects  
were not treated with greater rigour and depth, and 
others were not even addressed in this work.  
Therefore, for future studies, in the case of cost in-
vestments in generation technologies, a more de-
tailed economic analysis of investment projects ,  
calculation of green job generation, and projection 
of energy demand is needed. It also makes it imper-
ative to create solar and wind maps that allow the 
identification of the energy potential in each locality 
or region of Namibe province.  
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Appendix 1: History and forecast of installed power, electricity generation and GHG emission in 

scenario A, 2014-2040. 

Source: Own elaboration from the data resulting from LEAP simulation  

  

Year 

Installed power MW Energy generation GWh 

G
H

G
 e

m
is

si
on

s 
00

0 

to
nC

O
2
eq

 

  
D

ie
se

l o
il 

th
er

m
oe

le
ct

ri
c 

H
yd

ro
el

ec
tr

ic
 

T
ot

al
 

D
ie

se
l o

il 

th
er

m
oe

le
ct

ri
c 

H
yd

ro
el

ec
tr

ic
 

T
ot

al
 

H
is

to
ri

c 

2014 25.20 9.00 34.20 130.84 33.86 164.70 34.29 

2015 25.20 9.00 34.20 130.66 9.49 140.15 34.24 

2016 25.20 9.00 34.20 138.22 26.56 164.78 36.22 

2017 35.20 9.00 44.20 177.30 34.28 211.58 46.47 
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2018 42.60 * 42.60 227.92 * 227.92 59.73 

2020 50.00 9.00 59.00 271.46 33.98 305.44 71.14 

2025 187.50 9.00 196.50 777.32 38.71 816.04 203.72 

2030 325.00 9.00 334.00 1 306.93 40.70 1 347.62 342.51 

2035 462.50 9.00 471.50 1 886.85 39.90 1 926.75 494.50 

2040  600.00   9.00   609.00   2 518.64   34.12   2 552.75   660.07  

* Out of service. 

Appendix 2: History and forecast of installed power, electricity generation and GHG emission in sce-
nario B, 2014-2040. 

Source: Own elaboration from the data resulting from LEAP simulation  
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2015  25.20   9.00   -   -   34.20   130.66   9.49   -   -   140.15   34.24  

2016  25.20   9.00   -   -   34.20   138.22   26.56   -   -   164.78   36.22  

2017  35.20   9.00   -   -   44.20   177.30   34.28   -   -   211.58   46.47  
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2018  42.60   *   -   -   42.60   227.92   *   -   -   227.92   59.73  

2020  50.00   9.00   9.09   2.00   70.09   265.27   31.22   16.85   1.12   314.46   69.52  

2025  162.50   34.00   31.82   2.00   230.32   687.08   91.78   50.16   2.04   831.06   180.07  

2030  275.00   59.00   54.55   2.00   390.55   1 119.66   157.63   90.01   3.21   1 370.51   293.44  

2035  387.50   84.00   77.27   2.00   550.77   1 581.42   232.61   136.44   4.31   1,954.78   414.45  

2040  500.00   109.00   100.00   2.00   711.00   2 069.51   317.27   188.14   4.90   2,579.83   542.37  

* Out of service. 
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Appendix 3: History and forecast of installed power, electricity generation and GHG emission in  
scenario C, 2014-2040.  

Source: Own elaboration from the data resulting from LEAP simulation  
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2018 42.60 * - - 42.60 227.92 * - - 227.92 59.73 
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2025 120.00 34.00 31.82 95.45 281.27 526.78 105.75 50.99 158.06 841.57 138.06 

2030 190.00 59.00 54.55 163.64 467.18 781.77 190.45 80.35 353.56 1 406.13 204.88 

2035 260.00 84.00 77.27 231.82 653.09 1 021.37 291.26 116.02 616.46 2 045.12 267.68 

2040 330.00 109.00 100.00 300.00 839.00 1 213.02 400.99 145.16 783.93 2 543.10 317.90 

* Out of service. 

Appendix 4: History and forecast of installed power, electricity generation and GHG emission in sce-
nario D, 2014-2040.  

Source: Own elaboration from the data resulting from LEAP simulation  
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2014 25.20 9.00 - - - 34.20 130.84 33.86 - - - 164.70 34.29 

2015 25.20 9.00 - - - 34.20 130.66 9.49 - - - 140.15 34.24 

2016 25.20 9.00 - - - 34.20 138.22 26.56 - - - 164.78 36.22 

2017 35.20 9.00 - - - 44.20 177.30 34.28 - - - 211.58 46.47 
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