Sustainability economic study of the islands of the

Azores Archipelago using photovoltaic panels,

wind energy and storage system

Inés Boga Melo
ines.b.melo@tecnico.ulisboa.pt

Instituto Superior Técnico, Lisboa, Portugal

November 2019

Abstract

Currently, the nine islands of the Autonomous Region of the Azores have fossil fuel-fired power
stations as the main source of electric power. Each island has an independent electrical system classified
as an isolated micro-system, given its size and location. The goal of this contribution will be to analyse
the best set of technologies to have nine sustainable hybrid systems. For this purpose, some factors will
be considered, such as actual data production of the island, economic scenarios, growth perspectives

of consumption and reliability of supply.

The results of these studies will allow us to conclude on

the applicability of these systems, quantifying the consequent socio-economic, environmental and fossil

energy-saving benefits.
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1. Introduction

The Azores archipelago is geographically located
in a region where three lithospheric plates are
connected: the American, the Eurasian and the
African. A great deal of geomorphological aspects
have to be considered because there are several
types of eruptions at the origin of each island. In
general, the landscape is characterized by a vigorous
and busy orography, with the maximum altitude of
the islands quite variable, ranging between 402 m in
Graciosa and 2351 m in Pico mountain, the highest
point in Portugal. [11]

Regarding the climate, the region is in the tran-
sition zone between subtropical hot and humid air
masses, the subpolar air fresh and drier air masses.
Thus, it is considered as a temperate wet, mesother-
mal temperate climate with characteristics, given
the low thermal amplitude, persistent wind, high
rainfall, and relative humidity.

The main goal of this dissertation is to find a
solution of a hybrid energy system, consisting of
wind, photovoltaic energy, and an energy storage
system. The focus is maximizing the contribution
of generators and minimizing the cost of generat-
ing fossil electricity in the nine micro grids of the
archipelago. In this case, the energy storage sys-
tem is used to store energy during periods of high
electricity production and return it to consumption

during periods of low solar irradiance or wind speed.
(17]

Currently, the existing energy systems on the is-
lands depend mainly on the use of fossil fuels that
has to be transported to the islands, accompanied
by high costs and environmental impacts. In this
context, a growing use of renewable energy is a great
opportunity to reduce these problems. However,
the integration of floating renewables, especially in
small and weak island networks, is a technical chal-
lenge. Energy storage is a technical solution for de-
coupling electricity supply and demand, thus pro-
viding flexibility. By combining renewable energy
and storage systems into hybrid energy approaches,
it is possible to replace fossil electricity generation
by approximately 100%. In conclusion, the use of
renewable sources as an alternative to fossil elec-
tricity generation on islands is becoming more and
more attractive from the economic and ecological
point of view. [19]

2. Background

During 2016 the total energy consumption in Azores
was 801 GW kL, in which 33% of the energy produced
was generated from renewable energy sources and
the remaining was produced in fuel oil and diesel
plants. From the data presented in the graph of
the figure 1, it appears that the largest share of



electricity production in the region comes from fos-
sil fuels. At the level of renewable energy produc-
tion in the region, we can verify that the geothermal
plants are responsible for the largest share of pro-
duction, due to the availability of the resource, the
stable production of these plants and their ability
to guarantee power to the system. Moreover, 9% of
total production come from wind production, with
a high degree of intermittency. Finally, hydropower
has a seasonal behavior. [1]
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Figure 1: Energy Production in the region [1]

To do the sizing for each island, it is necessary to
analyse the general characteristics of each isolated
micro-network. Therefore, it is necessary to syn-
thesise various data from each system, namely the
evolution of emission values for the network, which
were obtained through the documents [8] [4] [3] [7]
[2] [6] for the years 2006, 2013, 2018 and 2019. The
total emission data rather than consumption data
will be selected as the emission data already take
into account network losses. All resources currently
installed on the islands and the characteristics of
each network will be evaluated in order to observe
the current power of renewable sources so that it
is possible to manage the necessary sizing for each
island [1].

All the data that will simulate the production
of photovoltaic panels and wind turbines, namely
irradiance, temperature, and wind speed will also
be addressed. After defining the locations for re-
newable sources, we are able to size the system of
each island. It is intended to install a hybrid power
system with a power storage system, so given the
distance between the sources, it becomes necessary
to install voltage booster substations. Thus, we can
observe a single-line scheme of this system that is
intended to be implemented in figure 2.
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Figure 2: General scheme of the hybrid system to
be installed in the Azores archipelago [20]

2.1. Key features of the network

Everything described above will be presented here
only for the largest island of the archipelago (Sao
Miguel). In this case, the following steps were used
to make the design, indicated in figure 3, analysing
the data of each island present in the documents [8]
and [5].

The Base data for the model creation is:

According to the data relative to January 2019
=48% of energy production is still assured by fossil energy sources
g 70 MW Highest Tip
Nominal Power for the sizing of the batteries
Total annual production of 2018 436.86 GWh
o= =210 GWh of annual production

base value for the sizing of eolic and photovoltaic production

Figure 3: Baseline flowchart for hybrid system siz-
ing

The positions of the various system components
are shown in figure 4. The location of the Bat-
tery Center is close to the Caldeirao Thermoelectric
Power Station, as well as the photovoltaic park, to
reduce cable costs. Concerning the wind farm, the
objective will be to add the existing park on the
Graminhais plateau. The connection to the plant
will be made through MT cables with a distance of
approximately 30 km.

Planalto dos Graminhais

Figure 4: Hybrid system location on Sdo Miguel
island



The figure 5 was obtained from the EDA docu-
ments - Electricity of the Azores [8] [4] [3] [7] [2]
[6], it is possible to analyse the evolution of en-
ergy production and the corresponding evolution of
the emission of renewable energies over the years,
namely between 2006 and 2019. This graph shows
the months of January and August, since they are
the critical months in terms of production and for
this problem, it is relevant to compare the en-
ergy production of a summer month with a winter
month, because wind and photovoltaic production
fluctuate.

Evolution of energy production in
Sdo Miguel island
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Figure 5: Evolution of total energy production and
its amount of renewable energy in Sao Miguel

2.2. Data for Wind Turbine Sizing

For wind data, average hourly data were obtained
for one year (figure 6 - [15]). These data were taken
from a more central position of the archipelago on
Graciosa Island and this is the data which will be
used for the sizing of all islands.

Histogram of wind speed during one year
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Figure 6: One-year wind speed histogram

It will still be necessary to take into account the
existence of a medium voltage cable that will con-
nect the wind farm to the battery plant. The cable
will have approximately 30 km as shown in the fig-
ure 4.

2.3. Data for sizing photovoltaic panels

From the data obtained in [13] we can plot the
monthly mean irradiance on the island of Sao
Miguel over a year, as represented in Figure 7.
Through the irradiance data, it is possible to es-
timate the annual photovoltaic energy production.

In terms of temperature these values will not influ-
ence the efficiency of the panels, as the ambient
temperature is mesothermal never reaches values
above 45°C allowing the temperature of the pho-
tovoltaic module not exceed the operating temper-
ature range.

Monthly in-plane irradiation for fixed-angle
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Figure 7: Monthly average irradiance

3. Implementation
3.1. Technologies
production

3.1.1 Polycrystalline Photovoltaic Panels

for photovoltaic energy

Crystalline silicon technology is feasible for this
type of project, monocrystalline panels have a
higher efficiency. However, the cost is higher com-
pared to polycrystalline panels. Both technolo-
gies guarantee the project’s viability and long-term
yield, but for the Azores climate type, where there
is good sun exposure, the best option is the poly-
crystalline panels as they give a good price-quality
ratio.

The panels chosen were from SolarWatt [10], be-
cause according to the list of solar panels 2019
prepared by Bloomberg New Energy Finance PV
Module Tiering System [12] are the most guar-
anteed panels in the world. For this case of
study, this is really significant because as the cli-
mate of the Azores is very variable it is impor-
tant to have a good guarantee. SolarWatt pan-
els (Vision 60P model) have the following specifi-
cations: Pmp=280Wp, Ump=31.30V, Imp=9.02A4,
Uc=38.90V, 1sc=9.68A4, n=17%. This was the
model of choice, because are the most commonly
panels used that have a maximum power of 280 Wp.

Since the photovoltaic park consists of polycrys-
talline panels, 5 panels will be connected in se-
ries, and connected to these is a charge controller
(MPPT of 1500 W) and an inverter (1600 W). Be-
tween them, the panel sets will be connected in par-
allel.

3.1.2 Photovoltaic cells Cadmium Telluride
(CdTe)

Cadmium telluride (CdTe) is a direct bandgap
semiconductor very well suited to the solar spec-



trum with a high bandgap of 1.45 eV [16], a re-
ally efficient solar cells. These cells have the low-
est greenhouse gas emissions per kW h of electricity
produced [18].

The solar panels are commercially available as
colorless and frameless modules. Transparency
ranges from 10% to 50% and is inversely propor-
tional to the power output. When applied to glass,
the windows can be single or double glass [14].

This technology is a good option for island appli-
cations as the panels will not occupy a useful area
of the island. House windows will be replaced by
these single or double glass panels.

For the sizing of these panels will be made the
following approximations: Each house will have 16
panels, two panels forming a door or a window.
Which gives an average of 8 windows or doors per
house. Considering that, in each house live 4 inhab-
itants, the total number of houses is:

o
N inhabitants

; (1)

The CdTe solar panels chosen were those with
30 % transparency (model PS-CT-56) [14] and

o —
N houses —

have the following specifications: Pmp=56Wp,
Ump=87V, Imp=0.64A, Uc=116V, Isc=0.68A,
n=11.9%.

The connection of the photovoltaic panels in the
house, in this case, will be 4 panels in series, and
the 4 sets of panels are connected in parallel. Each
house will have a charge controller (MPPT of 1500
W) and an inverter (1600 W). It will also have
an ABB single-phase distribution transformer (spe-
cially designed for aerial distribution residential
cargo power) with a power of 5 kVA. Thus, the
energy produced by these panels may be directly
connected to the distribution network of each is-
land.

3.2. Technologies for wind energy production
The typical power curve of these turbines has a
starting speed of 3 m/s, a nominal speed of 14 m/s
and cutting speed (maximum operating speed) of
25 m/s. This curve, together with the results shown
in figure 6 which represents the wind speed per hour
for a year in a histogram, makes it possible to es-
timate the total monthly wind production over a
year.

3.3. Storage

Installing a battery center on each island is very
important as it allows for a power factor correction
in the network. Reactive energy is an integral part
of utility bills and constitutes a significant financial
burden. Reactive power consumption can, however,
be excluded from the bill by installing a power fac-
tor correction system. Power factor correction is
done by replacing the reactive power consumption

of the grid through battery generation. Reducing
reactive energy promotes proper functioning of fa-
cility energy, maximizing the installed energy har-
vest. It should also be noted that the investment
in this system can be recovered through the saved
reactive energy.

To measure how many battery banks each is-
land needs, it was determined that each island
would have an installed battery power equal to the
island’s peak energy reached in January 2019.[8]
Thus, knowing the efficiencies of the AC/DC in-
verter, of the MPPT, and the capacity of each bat-
tery bank, it is possible to obtain the number of
banks required for each island.
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Battery banks should be placed in parallel so
that the output voltage does not exceed the operat-
ing voltage of AC/DC drives (Voltage Range Vpo
634 V - 1000 V; Voltage Range Vac 347 V - 520 V;
Rated Power Ppc 2515 kW). Tt has been stipulated
that an inverter is connected to 40 battery banks.
Each AC/DC inverter is connected with an ABB
medium power transformer for distribution with a
power of 3000 £V A.

Regarding the type of batteries currently used
are the most lithium ion and nickel metal hydride
(NiMH), since they are the most mature and tradi-
tional systems. Lithium-ion batteries are evolving
rapidly as the electric car industry drives its de-
velopment. Nowadays they are the most popular
choice for solar energy storage due to warranty, de-
sign, and price.

Both can be applied to systems that require high
energy density in a short time, and for this case,
the most suitable are lithium-ion batteries, given
that they perform better but are more expensive.
However, other solutions are not only expensive but
also have a lower rate of energy management effi-
ciency, making lithium-ion batteries the most reli-
able choice. Thus, LG Chem’s R800 battery bank
was chosen, and the nominal characteristics of this
battery bank are 725 V' of nominal voltage, 60 Ah of
nominal capacity, 44.96 kW h of power and a C-rate
of 2.

4. Sizing for each island of the archipelago

The sizing of the photovoltaic installation will be
done in such a way as to produce approximately
half of the production that is currently still pro-
vided by the island’s thermoelectric plants. Wind
energy will be sized to produce the remaining 50%
of fossil production. Wind and photovoltaic energy
must be balanced as they complement each other in



different seasons. On all islands except Flores and
Corvo, which produce the least, the sizing will be
done with wind turbines with a capacity of 2 MW.
The sizing for Corvo and Flores islands will be done
with turbines with a capacity of 150 kW.

This sizing will take into account the weather
data presented above. Since each island will be
evaluated according to its energy production needs,
both wind and photovoltaic production.

4.1. Santa Maria

According to the most recent data, annual en-
ergy production in 2018 is known to have been
20,64 GWh [5]. By checking data for January 2019
[8], it is concluded that approximately 76% of en-
ergy production is still provided by fossil energy
sources. It is still necessary to ensure the produc-
tion of 15.69 GWh for renewable energy, so the siz-
ing made will be based on this value.

4.1.1 Photovoltaic Production

Polycrystalline Photovoltaic Panels

Through the Photovoltaic Geographic Informa-
tion System [13], it was possible to simulate pho-
tovoltaic production with crystalline silicon cells in
Santa Maria island. The design chosen was a pho-
tovoltaic park with 8.4 MW nominal power. In
table 1 there is the details of the photovoltaic park.

Table 1: System design data with polycrystalline
photovoltaic panels

No. of panels 30000

PV installed (Ppaz) 8400 kWp
Irradiation in the annual plan 1700 kW h/m?
Annual photovoltaic production | 12400 MWh

Photovoltaic Cadmium Telluride
(CdTe)

Since the Provisional Annual Estimates of Res-
ident Population - Latest data update: June 15,
2018 (INE), state that Santa Maria island has 5652
inhabitants. Given the approximations for the siz-
ing of this technology, referred above, it is concluded
that the island has approximately 1413 houses. For
this case, the maximum rated power installed is
1266.05 kW. In table 2 you can check the details of

this sizing.

cells

Table 2: Data for system dimensioning with Cad-
mium Telluride photovoltaic panels

No. of panels 22608

PV installed (Ppaz) 1266,05 kW
Tilt angle 90°

Annual photovoltaic production | 1090 MWh

4.1.2 Wind production

In figure 8 it is possible to observe the annual pro-
duction of the 2 wind turbines, with August having
a very low production and November having the
highest production.
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Figure 8: Annual wind energy production on Santa
Maria island

4.1.3 General Production

In figure 9 it is possible to observe the total con-
sumption of the island in blue over the 12 months of
2018 and the total production of the various renew-
able energy sources in orange, which was produced
by sources already installed and the suggested siz-
ing estimates.

Annual consumption and production profiles
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Figure 9: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Santa
Maria

4.1.4 Storage

According to the records in the document [8] for
January 2019, the highest peak of Santa Maria
recorded was 3351 kW. Thus, according to the for-
mulas 2 and 3 it is concluded that this island needs
78 R800 battery banks.

For the other eight islands, the sizing was done
in a very similar way. So it will be presented the
general production and storage conclusions for the
other micro-networks.

4.2. Sao Miguel

According to the most recent data, annual energy
production in the last year of 2018 is known to be
436.90 GWh [5]. Taking into account the figure 3



it is found that it is still necessary to ensure the
production of 210 GWh for renewable energy, so
the sizing made will be based on this value.

4.2.1 General Production

Annual production and production profiles
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Figure 10: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Sao
Miguel

4.2.2 Storage

According to the records contained in the docu-
ment [8] for January 2019, the maximum peak of
Sao Miguel recorded was 67763 kW. Thus, taking
into account the formulas 2 and 3 it is concluded
that this island needs 1573 R800 battery banks.

4.3. Terceira

According to the most recent data, annual energy
production in the last year of 2018 is known to be
190.76 GWh [5]. Checking data for January 2019
shows that approximately 59% of energy production
is still provided by fossil energy sources. It is still
necessary to ensure the production of 113 GWh for
renewable energy, so the sizing made will be based
on this value.

4.3.1 General Production

Annual consumption and production profiles
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Figure 11: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Terceira

4.3.2 Storage

According to the records in the document [8] for
January 2019, it appears that the peak of the third

recorded was 29724 kW . Thus, taking into account
the formulas 2 and 3 it is concluded that this island
needs 690 battery banks.

4.4. Graciosa

According to the most recent data, it is known that
the annual energy production in the last year of
2018 was 13439,81 MWh [5]. When checking data
for January 2019, it is concluded that 100% of en-
ergy production is still provided by fossil energy
sources. However, in August 2019 the ” Gracidlica”
project was inaugurated, which will allow 65% of
the energy consumed by the island to be secured
by a hybrid energy system implemented. Thus the
sizing for Graciosa will be based on 35% not yet
assured by renewable energy. As this project has
already implemented a wind farm with a capacity
of 4.50 MW, the sizing will be done with photo-
voltaic energy only. For batteries, a system with a
capacity of 2.60 MW h is currently in place, cover-
ing the tip of the island which in January 2019 was
2.27 MW [8].

4.4.1 General Production

Annual consumption and production profiles
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Figure 12: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Graciosa

4.5. Sao Jorge

According to the most recent data, it is known
that the annual energy production in the last year
of 2018 was 28901,97 MWh [5]. When checking
data for January 2019 [8], it is concluded that ap-
proximately 89% of energy production is still pro-
vided by fossil energy sources. The production of
25722.75 MW h for renewable energies still needs to
be assured, so the sizing will be based on this value.

4.5.1 Storage

According to the records contained in the document
[8] for January 2019, the highest peak of Sao Jorge
recorded was 4715 kW. Thus, taking into account
the formulas 2 and 3 it is concluded that this island
needs 109 battery banks.



4.5.2 General Production

Annual consumption and production profiles
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Figure 13: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Sao Jorge

4.6. Pico

According to the most recent data, annual en-
ergy production in 2018 is known to have been
44871.52 MW h [5]. By checking data for January
2019 [8], it is concluded that approximately 85% of
energy production is still provided by fossil energy
sources. It is still necessary to ensure the produc-
tion of 38140.79 MW h for renewable energy, so the
sizing made will be based on this value.

4.6.1 General Production

Annual consumption and production profiles
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Figure 14: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Pico

4.6.2 Storage

According to the records in document [8] for Jan-
uary 2019, the peak recorded was 7299 kW. Thus,
taking into account the formulas 2 and 3 it is con-
cluded that this island needs 169 battery banks.

4.7. Faial

According to the most recent data, it is known that
the annual energy production in the last year of
2018 was 46315.50 MWh [5]. Checking data for
January 2019 [8] shows that approximately 83% of
energy production is still provided by fossil energy
sources. The production of 38441.87 MW h for re-
newable energies still needs to be assured, so the
sizing will be based on this value.

4.7.1 General Production

Annual consumption and prodction profiles
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Figure 15: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Faial

4.7.2 Storage

According to the records in the document [8] for
January 2019, the maximum peak of Faial regis-
tered was 7648 kW . Thus, taking into account the
formulas 2 and 3 it is concluded that this island
needs 177 battery banks.

4.8. Flores

According to the most recent data, annual energy
production in the last year of 2018 is known to have
been 11381.60 MWh [5]. Checking the data for
January 2019 [8], it is concluded that approximately
39% of energy production is still provided by fossil
energy sources. The production of 443.99 MW h for
renewable energy is still to be assured, so the sizing
will be based on this value.

4.8.1 Storage

ccording to the records in the document [8]
for January 2019, the maximum peak of Flores
recorded was 7648 kW. Thus, taking into account
the formulas 2 and 3 it is concluded that this island
needs 43 battery banks.

4.8.2 General Production

Annual consumption and prodction profiles
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Figure 16: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Faial



4.9. Corvo

According to the most recent data, annual en-
ergy production in 2018 is known to have been
1562.75 MW h [5]. When checking data for January
2019 [8], it is concluded that this island has no re-
newable energy sources yet. The energy production
is still assured by fossil energy sources. Thus, sizing
will be based on the total value of current annual
production.

4.9.1 General Production

Annual consumption and production profiles

lan  Fev  Mar Abr

Mai  Jun  Jul Ago S Out Nov Dez

m Total consumption of consumers. M Renewable energy emission

Figure 17: Estimated total renewable energy emis-
sion and monthly consumption for 2018 in Corvo

4.9.2 Storage

According to the records contained in the document
[8] for January 2019, it can be seen that the maxi-
mum crow tip recorded was 295 kW. Thus, taking
into account the formulas 2 and 3 it is concluded
that this island needs 7 battery banks.

5. Results

To evaluate the economic results will be presented
the costs of each technology presented in the previ-
ous chapter following the sizing presented for each
island. In the end, a conclusion will be state for
what is on what is the best solution in terms of
economic and socio-economic impacts.

5.1. Total electricity costs and turnaround time of
solutions presented

Considering the region’s three-hour tariffs shown in

table 3. It is possible to obtain a different total cost

of electricity per year for each island, depending on

its consumption.

During one day there is 4 rush hours, 10 full-time
hours and 10 empty hours and in order to account
for the energy cost of each island and since it was
not possible to obtain the details of the consump-
tion at the different intended times, was made an
estimate of the annual consumption at the different
tariffs.

Table 3: Tariffs in the Autonomous Region of the
Azores - 2019 [9]

Medium Voltage | Rush Hour | 0.1251
Active Energy Full Time 0.1064
(EUR/EWh) Empty Time | 0.0733
Low tension Rush Hour | 0.1452
Active Energy Full Time 0.1268
(EUR/EWh) Empty Time | 0.0830
Street lighting Rush Hour | 0.2237
Active Energy Full Time 0.1651
(EUR/EWh) Empty Time | 0.1000

By averaging the current price of electricity in
the region it is concluded that the estimate is
128 EUR/MW h. For the sizing of each island, it is
possible to obtain the years of return on investment
from like it is explained in the formula 4.

TotalInvestment
TotalCostElectricity/year

(4)

5.2. Results Analysis

According to the consumption data of the docu-
ment [5], it is found that the total consumption for
each island of the archipelago. Thus and from the
data in table 3 it is possible to conclude about the
total electricity revenues for the year 2018.

Table 4: Consumption and total cost of electricity
in the Azores in 2018

Annual Total

Consumption | Revenue

S.Mar 19.48 GWh 2131kEUR
S.Mig 411.12 GWh 43772kEUR
Ter 176.45 GWh 18662kEUR
Grw 12.72 GWh 1398KEUR
S.Jge 26.80 GWh 2920kEUR
Pic 41.63 GWh 4595kEUR
Fai 43.78 GWh 4735kEUR
Flo 10.86 GWh 1199kEUR,
Cor 1.44 GWh 161kEUR

In order to assess the total investment made for

each project, was necessary to calculate the NPV
(6), LCOE (EUR/MWHh) (5) for solution 1 and 2
(table 5 and 6) respectively.

I,(i + cOM)

LOOE = = (5)

NPV = (R— cOM)k, — I, (6)



Table 5: Summary of data evaluating the invest-

ment made on each island for the first solution
LCOE | Return Total
Island | NPV (years) | MEUR
S.Mar 94M 97.84 6.19 13.2
S.Mig 315M 52.12 3.39 148.4
Ter 106M 75.04 4.91 91.7
Grw 12M 33.94 2.14 2.99
S.Jge 12M 103.44 6.58 19.2
Pic 22M 91.57 5.75 26.4
Fai 24M 87.41 5.60 26.5
Flo 8.8M 51.83 3.25 3.9
Cor 0.3M 140 8.70 1.4

Table 6: Summary of data evaluating the invest-

ment made on each island for the second solution
LCOE | Return Total
Island | NPV (years) | MEUR
S.Mar 13M 68.19 4.32 9.2
S.Mig | 156M | 108.07 7.03 307.7
Ter 131M 54.42 3.56 66.5
Grw 13M 21.46 1.35 1.89
S.Jge 11M 107.21 6.82 19.9
Pic 29M 69.37 4.35 20
Fai 30M 67.62 4.33 20.5
Flo 9.7M 39.87 2.50 3
Cor 0.8M 90 5.59 0.9

Concluding all proposed projects are feasible
since the Net Present Value is greater than zero,
that is, the investment is recovered (the minimum
rate of return on capital is reached and even a sur-
plus). It is therefore observed that the turnaround
time, given the size of these projects, is low even
though this study is still very early. It is already
possible to draw some positive conclusions regard-
ing the implementation of the projects.

In some islands, the solution of cadmium telluride
panels is more advantageous, however, the power
installed with this solution is smaller. Also, this
implies greater logistics, as it would be necessary to
talk to the residents and change the windows of the
houses inhabited by panels, since the photovoltaic
park is not concentrated in a good irradiation lo-
cation, thus making energy management more diffi-
cult. Installation prices would also be much higher.
It is important to note that the costs mentioned
do not include ancillary services to power the plant
and substations.

5.3. Socioeconomic Impacts
After presenting a study on various renewable en-
ergy sources, it can be stated that the most obvi-

ous positive impacts are environmental ones. Al-
though it is also necessary to mention the impor-
tance of social and economic impacts for the Azores
archipelago.

Emissions associated with raw material process-
ing are also the reason for increased environmental
impacts in the freshwater ecotoxicity and eutroph-
ication categories, as well as human toxicity. Recy-
cling metallic resources after decommissioning sys-
tem components may be an interesting option to
reduce the demand for primary metallic resources
and thus improve the overall environmental perfor-
mance of renewable electricity systems. [19]

In short, these isolated hybrid systems can bring
more benefits than cons. Industry, the economy and
the environment benefit as emissions of COy from
the diesel plant are reduced with long term effects.
Regarding the security of energy supply, there are
improvements in the medium term.

6. Conclusions

Energy production from fossil fuels is sometimes
not feasible due to environmental problems, costs
and sometimes even difficulty in transport to re-
mote places such as islands. Alternatively, there are
renewable energies, and this is where the subject of
this dissertation fits.

An isolated micro-network based on the 9 islands
of the Azores has been developed. The objective
was to replace the diesel thermoelectric power plant
with a hybrid power system consisting of wind tur-
bines, photovoltaic panels, and a storage system,
and the wind farm is connected to the load in MT.
The work developed has made it possible to under-
stand the importance of such projects, considering
important factors such as the growth of electric-
ity consumption, availability of endogenous energy
sources and the security of electricity supply.

The scaled production systems ensure that the is-
lands’ energy needs are met and provide the condi-
tions for local socio-economic development through
lower electricity supply costs, greater security of
supply and substantially reduced environmental im-
pact.
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