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Abstract

The aim of this paper is to provide an overview of Angola’s geothermal potential and its deter-
minants with a view to boosting the country’s energy sector. It focuses on analyzing the potential of
geothermal energy in Angola and its role in the transition to a greener energy matrix. This dissertation
begins with a brief introduction to the energy panorama in Angola, followed by the topic of geothermal
energy as a whole and its low and high enthalpy aspects, as well as the case of Enhanced Geothermal
Systems (EGS). Throughout the work, special attention is put on the geothermal potential in Africa,
mentioning some countries where the use of geothermal energy is already a reality. The geology
of Angola, the Lucapa corridor and the Kwanza Basin is briefly presented. Finally, the case study
of Tocota thermal spring water is presented, where the aim is to build a spa to make use of this
low enthalpy geothermal resource. To this end, an economic evaluation of the development of this
geothermal project was carried out, which proved the effectiveness and economic viability of this
project. In the future, it is hoped that the government will invest in the requalification and construction
of these infrastructures for the development of thermal tourism and make geothermal energy in Angola
one of the sources used in a sustainable way.

Keywords: Geothermal energy, Low enthalpy, Geothermal potential in Angola, Thermalism, Eco-

nomic Evaluation.

1. Introduction

The energy landscape in the world and specifically
in Africa is being transformed by political and social
changes so that we don’t have to rely solely on fos-
sil fuels. Africa has been strengthening its work so
that its contribution to this range of changes is sig-
nificant with the implementation of primary sources
and alternative sources such as solar energy, wind
energy, wave energy, hydrogen and geothermal en-
ergy have been the sources on which current in-
vestments are focused to urgently develop cleaner
technologies for the environment that reduce green-
house gas (GHG) emissions[l]. According to the
report published by the Lusophone Renewable En-
ergy Association [2], Angola’s work on renewable
energy involves the following statistics: solar en-
ergy with an installed capacity of 100 MW, with
the implementation of photovoltaic panel produc-
tion units. In the same trend, wind power could
reach an installed capacity of 100 MW, taking ad-
vantage of existing infrastructures as well as the
great natural potential. Biomass will also be a re-
newable source, with 500 MW of installed capac-

ity due to the expansion of agriculture and live-
stock farming, as well as the country’s abundant
forest resources. In recent years, Angola has real-
ized the importance of diversifying its energy ma-
trix as part of a broader strategy to promote sus-
tainable economic development. With this goal in
mind, the government drew up the Angola Energy
Vision 2025, a strategic plan that encourages the
use of renewable sources, such as solar, wind and
geothermal, to strengthen energy security and re-
duce greenhouse gas emissions[3]. Angola has great
potential for the development of renewable energy,
especially hydroelectric and solar energy, and the
government seeks to increase the share of these
sources in the national electricity grid, thus reduc-
ing dependence on oil and diesel[4]. In addition,
the country has attracted international investment
in renewable energy projects and has established
partnerships with global organizations, such as the
International Renewable Energy Agency (IRENA),
to improve its regulations, attract new investment
and develop the technical capacity needed for these
projects [4]. Among the renewable energies cur-



rently being developed and used, Geothermal En-
ergy (meaning: GEOTHERMAL GEO - Earth;
THERMAL - Heat), is the Earth’s natural heat, the
energy derived from the heat coming from inside the
Earth [5]. Geothermal energy offers a notable po-
tential as a stable, low-emission renewable energy
source, with applications in both electricity genera-
tion and direct-use that contribute to sustainable
energy solutions. Geothermal energy’s flexibility
extends beyond electricity generation, especially in
direct-use applications that can make use of low- to
moderate-temperature geothermal resources. Such
applications can reduce the energy footprint of in-
dustries and communities by using geothermal heat
directly for agriculture, heating and cooling, indus-
tries processes[6] According to [4], the countries of
the East African Rift region are endowed with sig-
nificant geothermal potential for electricity produc-
tion as well as for direct use. Regions in Africa,
such as the East African Rift System (EARS) and
the Comoros Islands, have temperatures reaching
up to 400°C at depths of approximately 2.3 km
with a high geothermal gradient. In these areas,
as groundwater circulates through permeable rocks,
geothermal reservoirs are created, where deep circu-
lating groundwater is heated by conduction and cir-
culates by convection (from recharge to discharge).
The world has supported the development of this
clean energy, and Africa has followed suit by dis-
covering its geothermal resources. Countries lo-
cated near the East African Rift System, such as
Kenya and Ethiopia, have already been using this
energy source to produce electricity because the
area has very high geothermal potential. Although
Angola does not belong to the African rift system,
studies have shown that Angola’s geothermal gra-
dient is reasonable at around 30°C/km. Solar en-
ergy projects are being prioritized in the country’s
arid regions, particularly in the southern provinces,
while geothermal potential in areas with hot springs
is being assessed and also petroleum resources such
as abandoned wells are being assessed for future de-
velopment of geothermal energy. The scope of this
report focus on the geothermal potential of Angola,
where few studies have so far been carried out in this
area.lt should be stated that the implementation
of geothermal energy and its utilisation according
to the resources classification, as well as the devel-
opment of an economic assessment for this project
will contribute to harness the use of the country’s
geothermal resources. Carrying out an economic
analysis, taking into account initial investments, op-
erating costs and possible returns on investment, in
order to determine the viability of a future geother-
mal project in Angola (construction of a thermal
spa for the development of tourism and its sustain-
able management), based on the case study of the

Tocota thermal spring, in Kwanza-Sul province in
Angola.

2. Background

According to the classification of geothermal re-
sources, they are categorized into high enthalpy
systems (reservoir temperature above 150°C ), low
enthalpy systems (reservoir temperature between
20°C and 150°C) and very low enthalpy fields (reser-
voir temperature below 20°C)[7], as can be seen in
the Table 1.

Table 1: Geothermal Energy / Reservoir Tempera-
ture [14]

Geothermal Energy | Temperature ( °C)

High Enthalpy > 150°
Low Enthalpy 20° — 150°
Very Low Enthalpy < 20°

As quoted in the report by the [8], geothermal
energy (energy stored inside the Earth in the form
of heat) results from the fact that geothermal sys-
tems can be found in areas with normal or slightly
above normal geothermal gradients (on average,
the Earth’s temperature increases with depth by
around 25 — 30°C/km above the ambient tempera-
ture at the surface - the so-called normal geothermal
gradient), in regions far from the contact zones of
tectonic plates, without the presence of an active
heat source (magma close to the surface - stable
zones of the globe), or in areas close to the edges of
tectonic plates (unstable zones of the globe), where
geothermal gradients can be much higher. In the
stable zones of the globe (low enthalpy) the geother-
mal gradient varies between 25 — 40°C/km, maxi-
mum so that at depths of 1.5 - 2.0 km temperatures
of 40-80 °C can occur [5]. On the other hand, in un-
stable areas of the globe, the geothermal gradient
can vary between 130 — 150°C/km, which makes
it possible for temperatures of 200 to 300 °C to
occur at a depth of 1.5 - 2.0 km. However, most
geothermal exploration and use takes place where
the gradient is higher and therefore where drilling is
shallower and less expensive. Sub-Saharan Africa’s
geothermal potential is linked to recent volcanism
and magmatic activity, according to [9]. The conti-
nent’s main geothermal resources are concentrated
along the East African Rift System (EARS) and
manifest on the surface through earthquakes and
the release of heat, either through hot springs or vol-
canic eruptions [10]. The geothermal narrative also
extends to West African countries, including Chad,
Cameroon, Nigeria, Ghana, Ivory Coast, Liberia,
Sierra Leone, Guinea, Senegal, Mauritania and Al-
geria. Further south, the Western Congolese belt in



Gabon and Congo, as well as the orogenic belts of
southern Africa also have geothermal potential, not
forgetting Angola, which has granitoid rocks with
thermal anomalies indicative of geothermal poten-
tial. Angola, a country far from the unstable zones
of the tectonic plates, has a normal gradient of
30°C/km, and there is evidence of low enthalpy hot
springs with temperature variations between 20-50
°C.

2.1. Geothermal Energy Potential in Angola

The Republic of Angola, as illustrated in Figure
1, has an area of 1,246,700 km?, located on the
west coast of the African continent, in the South
Atlantic, with its boundaries delimited: to the
north and northeast by the Republic of Congo,
Namibia to the south, to the east by the Repub-
lic of Zambia, and finally to the west by the At-
lantic Ocean. The country lies between latitudes
4°-18°S and longitudes 11°-24°E |, and has a land
border of 4,837 km and a sea coast of 1,650 km ([11].
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Figure 1: Map of Angola. Taken from [1].

Angola is a country with geological conditions
that allow geothermal resources to occur. Despite
the existence of some springs that have already
been categorized, there are still others throughout
the country of which there are not many historical
records, although local populations have been us-
ing these waters and have observed that they have
medicinal characteristics, even without exhaustive
studies on the physical and chemical characteriza-
tion of these waters. Most of these geothermal oc-
currences have an emergence temperature of over
20°C and can even reach 50°C .The study of An-
gola’s geothermal potential requires knowledge of
its geological structures and occurrences in its sed-
imentary basins and also in other geological struc-

tures in the country, such as the Lucapa structure
or corridor, as shown in Figure 2.
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Figure 2: Map showing the Lucapa corridor. Taken
from [9].

The Lucapa Corridor or Graben shown in Fig-
ure 2 dates back to the Cretaceous period and
represents a sequence of faults that runs through
the central corridor of the country in a southwest-
northeast direction. The Lucapa corridor has an
extensional tectonic structure that crosses the coun-
try from NE (Lundas) to SW (Namibe), for more
than 2000 km [12], covering the entire provinces of
Lunda, Huambo, Bié, Lubango, Benguela and part
of the province of Kwanza-Sul [13]. This Lucapa
corridor or graben, a lineament of tectonic weak-
ness 50-90 km wide, lies along a set of discontinuous
faults around 400 km long in southwest and central
Angola and eventually connects to a transform fault
in the South Atlantic Ocean during its opening and
during the formation of the Walvis Ridge related to
a possible rupture induced by hot mantle plumes.

Most of Angola’s springs are concentrated in this
Lucapa corridor, where faults and geological con-
ditions favor their appearance. In this corridor we
can find 10 of the country’s hot springs ( Figure 3).
At the Conda spring, the thermal anomaly is linked
to igneous intrusions, below the metaquartzites and
migmatites. In Catanda, the heat source is associ-
ated with volcanism with carbonate breccias and
fractures with quartz veins, which allow the release
of gases and the formation of travertines, typical
of hydrothermal fields. In Ndolondolo, the heat
is associated with an alkaline-carbonate complex
in an intracontinental hot-spot, with various intru-
sions and fractures that control the thermal emer-
gences. In short, the degree of exhumation of the



heat-generating complexes tends to increase from
northeast to southwest [14].
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Figure 3: Representation of the faults in the Lu-
capa structure showing the thermal anomalies that
could potentially generate hydrothermal convective
circuits. Taken from [13].

The Kwanza Interior Basin, initially located on
the seabed during the deposition process, stands
out for its relatively high geothermal gradients [15].
These gradients are associated with the underlying
rift systems and intrusive/eruptive volcanic activ-
ity. This context has led to the induction of hy-
drothermal processes in the area [15]. This Basin
extends offshore and is known for its important
hydrocarbon resources [16], presenting significant
potential for oil exploration. In addition to the
Kwanza Basin, the Lower Congo Basin, where the
country’s oil exploration is also underway, are ar-
eas of high interest for abandoned oil wells to be
repurposed for high enthalpy geothermal exploita-
tion, which is the production of electricity through
geothermal gradients and high well temperatures at
depth.

3. Characterization of Thermal Occurrences
in Angolan Territory

So far, 10 hot springs have been identified in An-
gola, in the provinces of Kwanza-Sul, Uige, Namibe,
Huambo, Bié and Lubango. In Namibe, we can find
the thermal springs of Montipa, Pediva and Ndolon-
dolo. Montipa is a spa that was built many years
ago, but is in a very poor state of repair and use. In
Kwanza-Sul we can find the thermal springs of To-
cota, Conda 1, Conda 2 and the Catanda springs.
In Bié, in the municipality of Chilesso, we find
the Chitocota spring and in Huambo we can find
the thermal waters of Alto-Hama. Balombo hot
springs in Benguela. There is not much informa-
tion on the hot springs of Uige and Lubango. Table
2 shows the characteristics of these hydrothermal
occurrences in the country. The hot springs dis-
tributed throughout the country have varied miner-

alization, shows the values of all the springs in the
country, with more emphasis on those that have
documented data. Below I will characterize the
physical and chemical composition of the waters
of Montipa in Namibe, Tocota, Conda 1 and 2 in
Kwanza Sul.

Table 2: Thermal Springs Properties. Retirado de
[14] e [17]

Max
Tem- Mineralt Water
Thermal . .
Sorin pera- | ization | pH Chem-
pring ture (mg/L) istry
C)
Sodium bi-
Tocota 45.8 49.3 5.66 carbonate,
siliceous
Sodium bi-
Conda 1 33 26.9 5.06 carbonate,
siliceous
Bicarbonate,
Conda 2 27.9 22.4 4.56 sodium,
siliceous
Catanda 32 530 n.d. Bicarbonate
Pediva 20 n.d. n.d. n.d.
Ndolondolo, 10-15 n.d. n.d. n.d.
Montipa 49 400 9.1 Sulfated
Chitocota 50 n.d. n.d. Sulfurous
Alto- n.d. n.d. n.d. Sulfurous
Hama
Silico-
Balombo 50 n.d. n.d. Auorinated

Note: n.d stands for not determined.

3.1. Namibe Springs

Namibe province has several thermal springs that
have already been identified and can be used for
various purposes such as balneotherapy, thermal
health and wellness, among others. The thermal
springs are distributed throughout the municipali-
ties of Virei, Camacuio, and Bibala, namely Mon-
tipa, Pediva, and Ndolondolo.

The thermal waters of Montipa have Total Dis-
solved Solids (TDS) values between 300 and 450
mg/L and are considered weakly mineralized waters
with SO?{ > 400 mg/L. They are alkaline waters
with a pH > 9.1. The geological formations through
which these waters circulate are mostly granitic,
but there are also limestone/dolomite rocks, giv-
ing these waters interesting characteristics for ther-
apeutic purposes, as they can be used as a sedative
and to combat muscle contractions and hypertonia.
In the same region as Montipa, there are also other




waters with lower temperatures that can be used as
a stimulant to improve circulation, for dermatologi-
cal purposes, and as a vasoconstrictor [17]. Table 3

Table 4: Water Quality Parameters of Thermal
Springs[13]

shows the properties of Montipa’s thermal waters. Parameter | Unit Coilda Cogda Tocota
Temperature °C 33.0 27.9 45.8
. f g .
Table 3: Montipa’s water Parameters [2] Flectrical | pS/cm
Parameter Value Unit Conductiv- at 25 15.9 16.3 25.1
ity °C
pH 8.2 Sorenson Scale S
pH OTenson| 5 ng 4.56 5.66
Fe 0.2 mg/L Fe Scale
Al 0.01 mg/L Al Alkalinity C“Z%/é 4.38 5.05 8.68
3
Mn 0.0 mg/L Mn
/ Bicarbonate Iflnc;géli 5.34 6.16 10.60
NO3 6.5 mg/L NO3 3
+ + i mg/L
NH 0.01 mg/L NHj Nitrate NO- 0.94 0.39 1.18
3
2— 2
50; > 400 | me/L SO, Nitrite rﬁ%/_L 0.27 0.35 0.24
Total Hardness 80 mg/L CaCOs 2
mg/L
Residual Chlorine 0.0 mg/L Cly Sulfate SOé* 042 0.24 036
Phosphate l‘;‘géli 0.04 <0.01 0.06
4
3.2. Kwanza-Sul springs me/L
The thermal springs of Conda and Tocota are lo- Chloride cl- 0.77 0.84 1.18
cated in Kwanza-Sul, about 4 km away, and are L
- : A Sodium ms/ 0.636 0.926 1.590
considered to be hyposaline waters, their circula- Na+ : : :
tion being associated with quartzite and granitoid
: - Magnesium | 8/l 0.307 0.229 0.434
rocks (see Figure [14]). In the same province, there & Mg2+ : : :
are other hot springs in the Catanda region (32 °C), g/
known as Catanda hot springs, which are bicarbon- Aluminum AL+ 11 26 18
ated due to the volcanic-carbonate structure that
; ~ ; ; Sili me/L 17.1 12.2 32.5
occurs in the region. These waters are highly min- tica SiOs : : :
eralized, reaching free COg, levels of around 530 me/L
mg/L [14]. The waters of Tocota and Conda (1 | Potassium K+ 0.570 0.590 0.200
and 2) differ in terms of emergence temperature:
o - Calci me/L 0.430 0.470 0.900
45.8 °C, in Tocota, Conda 1 with a temperature of alclum Ca2+ . . .

33 °C) and Conda 2 with an emergence tempera-
ture of 27.9 °C. The three springs show very low
mineralization, dominated by silica which accounts
for 65 % of the total mineralization for Tocota and
Conda 1 and around 54 % in the Conda 2 spring.
These geochemical signatures are associated with
the meta-quartz formations of the region in which
these waters circulate. The Total Dissolved Solids
(TDS) of Tocota, Conda 1 and Conda 2 are 49.3
mg/L, 26.9 mg/L, 22.4 mg/L, respectively. The
majority component of these waters is dominated
by bicarbonate and silica, representing more than
87 % of the total mineralization of these waters. All
this parameters are shown in Table 4.

All these springs characterized in Angola have
characteristics suitable for their direct use, and
their properties allow them to be used for thermal-
ism and balneotherapy. Following this presentation
and characterization of the springs, the case study
of the Tocota spring will be presented in order to
present the economic project for implementing a spa

on the site of this spring.

4. Case Study: Tocota Thermal Spring -

Construction of a Thermal Resort for the
development of Thermal Tourism

This chapter discusses, in general terms, the po-
tential for commercial use of Angola’s geothermal
potential in the province of Kwanza-Sul. This
province is important for local tourism, with a di-
verse landscape and environmental beauty due to
its mountains and plateaus. It is a province well
irrigated by the Kwanza, Longa, Queve, Cubal
and Cuvo rivers, making it a province with fertile
soil, high agricultural potential, fishing activity and
other tourist resources, gasocarbon waters and ther-
mal groundwaters).

Thermal tourism is already a reality in many
European countries such as Portugal, Italy, Hun-
gary and others. The practice of health and well-



ness tourism has helped to treat various illnesses in
which these thermal waters have a positive effect.
According to [18], health tourism covers three main
aspects: therapeutic or curative, preventive and re-
covery or rehabilitation. The author also states
that thermalism is the oldest tourism product in
the world.

According to [19], spa services can encompass the
following forms of operation:

e spas with incorporated hotel services.
e urban spas.
e Spa resorts

4.1. Selection of Tocota Spring

Tocota has a considerable temperature of 45.8 (°C),
and the water flows from the spring at a rate of 7.1
m?/hour [14], which corresponds to approximately
2 L/s. Water collection wells could be drilled to feed
the resort and thus increase the number of people
who can come and benefit from the same services.
Tocota has a productivity of around 215 m?/day ,
the amount of water filled the tanks per day. Using
the silica (quartz) geothermometer we can calculate
a temperature of 83 (°C) at a depth of 1980 m,
considering the average annual temperature of the
region of 23.6 (°C) and a geothermal gradient of
30 °C/km according to the study presented by [14].
The equation used to calculate the reservoir tem-
perature is presented below (Truesdell, 1975)[20]:

_ 1315
~5.205 — log(SiO»)

T(C) —-27315 (1)

Where:
e T: Reservoir temperature (°C)

The depth of the reservoir was calculated using
the following equation:

T -1,

— (2)
99

Where:

e D: Reservoir Depth

e Tr: Reservoir temperature (°C),

e Ta: Average annual temperature of the region

(°C),
e go:Average geothermal gradient (°C/km )

With these calculated values we can see that by
drilling about 2 km deep we can obtain higher tem-
peratures and probably a greater flow rate.

The Tocota spring was chosen because of its lo-
cation and also because of its physical and chemical

characteristics, as well as its flow rate and temper-
ature. These are hyposaline waters, circulating in
quartzite, similar to other hot springs in mainland
Portugal.

The aim of the project is to refurbish the ex-
isting hot water pool in Tocota, which was once
used by the local population, and to build from
scratch infrastructures such as accommodation and
catering services and the construction of a spa for
health and wellness tourism. In order to boost lo-
cal tourism, accommodation and breakfast services
will also be developed. The need for investment
arises because the site does not meet the minimum
conditions required by the quality control authori-
ties, especially with regard to the minimum areas
established for accommodation establishments, the
requirements for sanitary facilities, which establish
one sanitary facility for every four rooms, and the
need to prioritize the implementation of practices
that promote efficient water and energy consump-
tion.

4.2. Techno-economic analysis

For the development of a project, the decision to im-
plement it is based on an economic analysis directly
connected to the useful life of the project, based on
economic data from the Cabego de Vide spa in Por-
tugal, and translated into the Angolan reality. This
chapter is based on the economic and financial fea-
sibility analysis of an investment project which aims
to answer whether (or under what circumstances)
an investment project to build a spa in Tocota is
financially viable. Economic indicators were calcu-
lated such as the Net Present Value (NPV), Internal
Rate of Return (IRR) and Payback Period.

4.3. Data and Assumptions for Economic Analysis
The initial investment was presented by the head
of the Cabeco de Vide thermal spa project, who
presented the financial plan for the spa and, based
on these figures, the feasibility study for the Tocota
thermal spa for the Angolan reality is presented.
Table 5 shows the initial investment data.

In order to analyze the investment, we must take
into account the employees to be hired and the ex-
penses and salaries allocated according to the salary
market. It is planned to hire 5 employees special-
ized in medical spa services, 5 maintenance staff, re-
ceptionists and administration staff for a total of 4
people, catering staff for a total of 10 people, 4 secu-
rity guards, 4 cleaning workers, making the monthly
total salary 4 075 kAOA. The monthly operating
costs involve: Raw materials (food, spa products,
etc.) amounting to 3,000 kKAOA, Utilities (electric-
ity, water, gas, internet, telephone), 2,000 kAOA,
Maintenance and Cleaning 1,000 kAOA, Continu-
ous Advertising and Marketing 1,000 kAOA, Other
Operating Costs 1,000 kAOA, totaling 8,000 kAOA.



Table 5: Initial Investment in Fixed Assets

Item kAOA
Land Purchase and Legalization 20,000
Licensing and Legalization 5,000
Construction and Infrastructure

(e comrution o ilngs, |y
recreational areas, internal roads, etc.)

Equipment and Furniture 100,000
Iéiiljrsgzlpgli ;Snd Development of 20,000
Initial Advertising and Marketing 10,000
IT Equipment 10,000
Project Studies 10,000
i(:;zisl,nl\?/:stment in Fixed 600,000

The total annual costs plus the 75% seasonality fac-
tor gives us a figure of 108.674 kAOA. The data as-
sumptions for this project are shown in the Table
6.

Table 6: Assumptions for economic analysis

Description Values
Social Capital (kAOA) 600,000
Useful Life of Fixed Assets

(years) 20
Residual Value of Fixed Assets 25%
Investment in Current Assets 5%
Cost of Capital 25%
Corporate Tax 25.0%
Annual Sales Growth Rate 10%
Annual Cost Growth Rate 7%
Revenue (kAOA /year) 319,500
Costs (kAOA /year) 108,675

Revenues will be driven by local and international
tourism, with an expected annual growth rate of
10% per year and an annual cost growth rate of
7% per year.This fees carried out by analogy with
the Portuguese tourism sector, due to the lack of
Angolan data The development of this resort will
have 20 rooms and an estimated occupancy rate of
50-70% in high season, at 40,000 AOA /room, and a
spa service in which 75% occupancy is estimated, at
a price of 10,000 AOA /person. The resort will also
have a restaurant service and recreational activi-
ties at a unit cost of 5,000 AOA /person, in order
to make use of the thermal pool and other recre-
ational activities, with a total revenue of 319,500
kAOA with a seasonality factor of 75%. The cap-
ital update rate of 25% was obtained at starting

from the basic interest rate in Angola (BNA Rate)
of 19.50% in 2023, plus a “spread” risk of 5% and
being in line with the discount rates used by Por-
tuguese companies to investments in Angola.

4.4. Estimating Cash Flows

The economic analysis presents the results over the
20 years, showing the company’s growth. There
has been a considerable increase in sales and rev-
enues from 319,500 AOA in Year 1 to 1,954,033
AOA in Year 20, indicating that the company has
higher sales, a great indication of market expansion.
The increase in costs, from 108,675 AOA to 393,026
AOA, was smaller compared to sales, thus helping
to increase the profit margin. On the other hand,
there has been a significant increase in operating
profit from 180,825 AOA to 1,531,007 AOA in 20
years. This growth is a reflection of higher revenue
and effective cost control. The amount to be paid
in taxes rose sharply from 45,206 AOA to 382,752
AOA, and likewise profits increased, as higher prof-
its mean higher taxes to be paid. The company’s
net profit increased over time, thus showing effi-
ciency, after paying taxes the net operating result,
the final profit, rose from 135,619 AOA to 1,148,255
AOA. It should be noted that these values may
be subject to inflation and price variations, mak-
ing them not directly comparable as they occur in
different years.

4.5. Economic Results

The analysis was carried out over a 20-year period,
using cash flows discounted at an annual rate of
25%, as presented in the assumptions. The NPV
obtained of 459,586 AOA allows us to conclude that
this is a profitable project, giving us a payback Pe-
riod of around 11.23 years and providing a return
higher than the discount rate used to calculate the
NPV, meaning that the project manages to gener-
ate a rate of return higher than the opportunity
cost of capital, making it an economically viable
project. The criteria for economic evaluation such
as the Net Present Value (NPV), the Internal Rate
of Return (IRR) and the Investment Payback Pe-
riod, were calculatedand evaluated from Liquida-
tion perspective and continuity of operation per-
spective and the results are presented in Table 7
and 8. From the perspective of “continuity”, the
perpetuity of the business which, with the perpe-
tuity of Cash Flows overlapping the value of the
liquidation of assets, you in the 20 year, generates
higher minimum results than from the perspective
of the “Settlement”.

4.6. Sensitivity Analysis

According to [21], the aim of carrying out a sensi-
tivity analysis is to understand how changes in the
variables involved in the cash flow calculation will



Table 7: Evaluation from the Liquidation Perspec-
tive

Evaluation from the Values
Liquidation Perspective

Net Present Value (NPV) 459,586
Internal Rate of Return (IRR) 37.71%

Aol e Ve o
Payback Period (years) 11.23

Table 8: Evaluation from the Continuity of Opera-
tion Perspective

Evaluation from the
Continuity of Operation
Perspective

Net Present Value (NPV) 512,194
Internal Rate of Return (IRR) 38.04%

Accumulated Present Value of

Project Cash Flows 1,112,194
Payback Period (years) 10.79

influence the economic analysis. Sensitivity analy-
sis aims to assess how sensitive viability indicators
such as NPV, IRR and Payback Period will behave.
Sensitivity analysis is a valuable tool for identifying
and understanding how different variables affect the
economic, financial and operational performance of
any company wishing to invest in a spa or business
plan. This analysis allows managers to make more
informed decisions about the viability of the busi-
ness and the areas that require greater attention or
adjustment. A variation in internal variables such
as the price of the services offered as well as a varia-
tion in the percentage of occupancy, or in operating
costs can have a positive or negative impact on the
economic indicators. Variations such as:

e Occupancy rate: Changes in the occupancy
rate directly affect revenue.

e Growth in expenses: Inflation and input costs
can grow more than expected.

e Average price per customer: Fluctuations in
purchasing power and willingness to pay can
have an impact.

We can present the following scenarios for sensi-
tivity analysis, with 3 scenarios: one optimistic (1)
and two pessimistic (2 and 3):

1. Optimistic Scenario (15% increase in demand
for Spa).

2. Pessimistic Scenario (15% drop in demand for
the Spa) does not produce a variation that is
too far from reality.

3. Pessimistic Scenario (15% drop in demand for
Spa and 30% drop in demand for Accommoda-
tion).

To anticipate possible unexpected situations that
might be beyond the company’s control, a risk anal-
ysis was carried out based on sensitivity analysis.
In this context, Scenario 1 - Optimistic - was con-
sidered, in which an increase of 15% in demand
for spa services is projected. The results of this
projection indicated a NPV (Net Present Value) of
706,484 AOA and an IRR (Internal Rate of Return)
of 44.26%, demonstrating the viability and attrac-
tiveness of the project under favourable conditions.

In pessimistic scenario 2, with only a 15% reduc-
tion in demand for the spa compared to the initial
forecast presented values of NPV of 274,413 AOA
with an IRR of 32.71%. However if there is a 15%
reduction in demand for the spa and a 30% reduc-
tion in demand for the accommodation shown in
scenario 3, result in a negative NPV of - 71.244
AOA and a lower than expected IRR of 22.89%,
making the project unviable.

The global trend in the sector is a reflection of
the marked seasonality of classic thermal spas. The
Factor of seasonality as previously mentioned trans-
lates the percentage of the year in which the activ-
ity economic-financial life in full, with the comple-
ment of the seasonality factor being the period of
inactivity. Simulating a decrease in the seasonal-
ity factor from 75% to 50%, it showed a variation
in economic indicators, a reduction in their values,
obtaining a positive NPV of 116 852 AOA and an
IRR of 28%, and a Payback Period of 16 years,
which does not make the project unfeasible, but
will lead to more time to recover the investment.
These values may reduce according to the reduc-
tion in demand for these services, due to factors
such as the seasons, but also for thermal spa ser-
vices health care does not apply, due to the search
for these alternative health therapies. The develop-
ment of new well-being experiences and the creation
of well-being products (activities aimed at for well-
being, nature, “spa’/well-being services), making
the resort more attractive both for the younger age
group and Adults alike, will positively impact the
seasons and the demand for services.

5. Conclusions

Africa has been accelerating the process of energy
transition, as a result of many political, economic
and environmental challenges, towards the goal of



reaching Net Zero by 2050. A large part of this
process is related to technologies aimed at a cleaner
energy footprint, thus reducing the damaging im-
pact that fossil fuels have had on the environment.
This study focused on contextualizing geothermal
energy in the context of Angola’s energy transi-
tion. After a brief introduction to the energy mar-
ket and concepts of geothermal energy, the poten-
tial of geothermal energy in Africa was presented,
with special emphasis on the study of the poten-
tial of geothermal energy in Angola. In the case
of Angola, special emphasis was placed on the cur-
rent geothermal resources available for geothermal
energy to become a future reality in Angola, with
a view to characterizing these resources and their
contribution to the country’s economy. It should
be noted that low enthalpy geothermal energy is
viable on a global scale and is not restricted to re-
gions located close to the contact of tectonic plates.
It can be emphasized that Angola has superficial
evidence of the existence of low enthalpy geother-
mal resources, with the identification of several hot
springs throughout the country and others yet to
be discovered. Angola’s hot springs have tempera-
tures ranging from 20°C-50°C and are characterized
as low enthalpy, which can be used directly for var-
ious purposes. On the other hand, there are many
oil wells in the region of the Kwanza sedimentary
basin, which will make it easier (in the future) to
bring them back (once they have been abandoned)
for the use of geothermal energy in Angola, which
could give rise to high enthalpy geothermal energy
used for electricity production, making a major con-
tribution to the country’s energy transition, which
so far has been developing solar energy projects
with more emphasis, but which intends to extend
the range of renewable energies to be developed. In
this context, the concept of Enhaced Geothermal
Systems (EGS) could be implemented in abandoned
oil wells, where a thorough study will be carried out
in the future to create conditions for the extraction
of geothermal fluids for electricity generation. An-
gola has a high geothermal potential, largely due
to the hot springs it has and the large collection of
oil wells that can generate geothermal energy. The
dissertation presented positive results with regard
to the potential and ways of using these geothermal
resources. As the country’s thermal springs are low
enthalpy resources, they can be used for the direct
application of these resources and the form chosen
in this dissertation is their application for thermal-
ism and balneotherapy. This project has proved to
be of great interest to the country, and the viabil-
ity of this project points us towards future success.
Economic viability was demonstrated by analyzing
the economic indicators calculated for the imple-
mentation of this project in Kwanza-Sul, Tocota.

Using an Excel tool to calculate these values such
as cash flow, Net Present Value (NPV) of 459 586
AOA, Internal Rate of Return (IRR) of 37.71%,
and Payback Period of 11.23 years, which makes
an profitable investment. Angola’s energy transi-
tion is already a reality. The current objective is to
diversify the country’s energy matrix by implement-
ing other energy sources such as geothermal energy.
In the future, efforts must be made to implement
the project presented here in the dissertation, con-
tinuing to carry out a study in order to locate all
the springs in the country that have yet to be dis-
covered and to characterize all the oil wells that
have the conditions for being converted to geother-
mal energy. Likewise, the public-private investment
sector will need to outline clear objectives for the
implementation of these projects that will generate
great benefit in this area of energy sustainability,
bringing benefits not only to Angolan tourism, but
also to the diversification of the country’s energy
sources.
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