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Abstract. The purpose of this article is to analyse and
evaluate the economical, energetic and environrhantmcts of
the increasing penetration of renewable energiek edectrical
vehicles in isolated systems, suchTasceira Islandin Azores
andMadeira Island

Given the fact that the islands are extremely déeenon the
importation of fossil fuels - not only for the praction of energy,
but also for the transportation’s sector — it'semded to analyse
how it is possible to reduce that dependency aneridne the
resultant reduction of pollutant gas emissions.

Different settings have been analysed - with anthaut the
penetration of EVs. Th&erceira Islandis an interesting case
study, where EVs charging during off-peak hoursl¢@liow an
increase in geothermal power, limited by the valtfypower
demand. The percentage of renewable energy in ldwrie
power mix could reach the 74% in 2030 while atsame time, it
is possible to reduce the emissions of pollutasegan 45% and
the purchase of fossil fuels in 44%.NMadeira, apart from wind,
solar and small hydro power, there are not so neardpgenous
resources and thisland’s emission factor cannot be so reduced
as in Terceira Although, it is possible to reduce fossil fuels
imports and emissions in 1.8% in 2030 when compavitd a
BAU scenario with a 14% of the LD fleet composed=¥s.
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1. Introduction

Energy is basic to life, to the citizens’ well bgiand to
the social and economical development, that ishowit
energy there can only be so much quality of lifeméort,
property and services. However, besides being senéal
resource to the social and economical developreset,gy

is also a strong factor of environment pressure [1]

As far as the energy’'s production is concerned, tmos
islands depend on the importation of oil and itk&tesl
products, expensive and highly problematic to the
environment.

In most cases it's almost impossible to connectidlaands

to the energy network in continental Europe, whitdkes

it difficult to execute solutions to reduce the tsok the
environment and, at the same time, increase theiseof

the supply of electrical energy in order to maintthe
quality of life and the islands economical struetuand
sustainability. Due to the high costs of energg, itlands
are proven to be excellent test points for theouhtiction

of new technologies, and some islands are evengttyi
become, the so calledenewable islandsn order to
satisfy the demand of totally renewable energy,abr
least, energies that are mostly originated fronewable
and endogenous resources, which rises the secdtie
supply and employment opportunities, without
necessarily rising costsislands that have renewable
energy sources, such as hydro-electric and geoiberm
can easily integrate them in the energy’s systein [2
However, the energy provided by renewable soulies,
the wind and the sun, aren’t constant and areyrarel
predictable. Those fluctuations in the energy’sptyipan
cause differences in the necessary balance between
production and demand. As consequence, important
variations on the frequency and tension levels are
verified, which may affect the electrical energgistem
stability. These problems are serious in smallaisul
networks, therefore, it's necessary to continuously
control the instant power supplied by renewablegire’
sources [3].

On the islands, because they're smaller and lesy bu
territories, the incentive to the use of public
transportations is very narrow (because private
transportations don't face the main two big isske®vn

in cities: the time of travel and the difficulty tmark).
Given this fact, it's imperative to turn the prigafieets
electrical, more than implement intensive measuoes
promote public transportations [4].

2. lIsolated System Analysis

The integration of renewable energies on the igand
energy system presents several advantages, ingladin
the economical level: the technological high cost i
compensated by the high cost of the conventionatgn
sources due to the small dimension of the systemishe
supply security. In order to obtain a sustainable
development, the integration of renewable energycas
to produce electricity as well as the policies and



appropriate regulations about the rational usenefgy are
very important.

The conventional technologies to produce elecyriaite
rarely adapted to the conditions of isolated amab may
seriously damage the vulnerable ecosystems andahatu
habitats. There is the need to develop an infresstra to
supply energy which considers the seasonal vanigtio
caused by the tourism, without destroying the local
environment or produce unnecessary emissions [5].

A. Canary Islands (Spain)

The political and environmental concerns result an
special energetic strategy @anarylslands which shows
the importance of improving the endogenous enargeti
resources and the renewable energies, in orderotade
energy for a constant and stable supply, low cost a
environmental compatible. Here, the wind and solar
energy have been reinforced and the solar paneals an
photovoltaic systems expanded. Previous studies Hiat

an isolated system of energy storage is extremely
important for the use of a huge potential of wineérgy on

the islands [6].

B. /ra Island (Denmark)

The solar energy is used for urban heating, bdimgthe
main energy source isero Island

Nowadays, the thermal solar panels installed ar8339
square feet (3,7 per inhabitant in a total of 288 472,79
square feet (26 800 3y there are three power plants of
urban heating on the island, which result in thestmo
developed penetration of renewable energy in aifipec
area.

In 2001 it was estimated that 20.5 GWh, illustrgts %
of the total electricity consumption in Aero wagpparted
by 7.2 MW of wind energy.

It was decided, ii\ero, to work continuously to cover the
energy’s consumption on the islands with 80 to 1066
renewable energy during the period of 10 years §199
2008). In 2000Aero Islandwas the winner of Danish
Solar City”. [6] [7].

C. Greeklslands

Several types of renewable energies are used oBriek
Islands By 2005, 50 wind parks were installed with the
total of 120 MW and 300 KWp of photovoltaic enenggt

to finalize its installation. Besides, a small hyelectric
unit (300kW) and a unit of gas flaring (166 kW) are
situated in Crete. Onrkaria Island an hybrid energy
system includes a regular hydroelectric unit — emted to
two pumping-and-storing plants of 3.8 MW — and adwvi
park of 2.4 MW. In 2003, the electrical system proed
23 GWh of energy, 6.23 GWh (27.1%) of which wasavin
energy, 7.96 GWh (34.6%) and 8.80 GWh (38.3%) were
supplied by fossil fuels and hydroelectric prospety
[6].

D. Corvo Island (Azores)

Corvois the smallest island of Azores archipelago dned t
supply of electrical energy for such small and ated
island is extremely limited. There is also a hugaaern

about environment issues related to the fossil, fiel
example, the contamination and pollution of the ewat
and soil by oil related products that happen thhotle
leaking of such materials during the transportatom
storage. The fuel costs f@orvo Islandis the highest of
the entire archipelago — almost five times over the
average of other islands.

Here, the security of the supply is a real and peent
concern because, due to the unstable weather morg]it
i's common for oil to lack. To reduceCorvoss
dependency and facilitate a secure supply, the
implementation of an energy system that combines
renewable energy systems and oil supply is the best
solution.

The most important endogenous resourc€adnvo is the
wind, although there is also some hydropower pa@knt
both of them being deficient during the summer.

The water supply system is well prepared to intiegra
with the energy supply system’s storage like the
reversible hydroelectric. The same reservoir mayded

for both, which increases the viability of suchteys, as
well as the energy’s penetration.

Because of the physical and weather characterisfics
Corvo there is potential to install the storage of pudpe
water to produce hydroelectric energy later in tifhbe
installation of turbines offers benefits of abo084, this

is possible because the water from the top reseoaoi

be used to produce electricity, which will be siggblto

the network and, then, fill the low reservoir.

Without storage, the penetration of renewable gnerg
from the wind reaches 25%; considering a wind-
hydropower setting it's possible to supply up td%rof
energy from renewable sources, highly increasing
security supply [8].

E. Porto Santo Island (Madeira)

An essay has been made about the increase of RE in
Porto Santo. Since the island doesn’t have hydro
resources available, the endogenous resourcebeagim
and the wind. In order to increase the RE, it'sessary
to resort to storage and that can be made by using
hydrogen through electrolysis, kept in a fuel esidl used
when necessary to supply the network with energy [9

3. Grid Characterization

Islands are isolated systems unless they are sufficiently
near the continent in order to be connected byesabl
along the sea bottom. The islands used in thisystnd
isolated. In the next sub-sections there are a
characterization of the electricity’s systems otleaf

the islands in analysis.

A. Terceira Island (Azores)

The electricity system oTerceira includes six power-
stations, as it shows on Table I.

Table |- Power-stations in 2012

Primary Installed
source Power(kW)

Designation




Belo Jardlm Thermal Fueloil 61116

Unit
City’s Hydric Unit 264

Nasce D’A_gua Hydro Hydro 720
Unit

Sao Jodo Hydro Unit 448

Serra do Cume Wind 9 000
Farm Wind

Serra do Cume North 3 600

Wind farm

Total - 75 148

Between 1991 and 2010 it was confirmed a subste
increase of electrical energy (Fi). It is also worthy o
notice that when the wind farm 8krra do Curr began its
activity, in 2008, the thermal power plant decreags
production because of the energy produced by thd.
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In 1991 all the electrical energy producecTerceirawas
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Fig. 2. Production of electrical energy in 2013

Fig. 3 represents the load diagram of a typicaihgpday
This diagram shows that there is a valley in thevex
consumption that represents B0% of the pea
consumption.Terceira Islandhas a great potential
geothermal energy because it lays between two g
plates, the Eurasian and the Africdinere is a possibilit
of installing 12MW of geothermal power, which col
increase the renewable generation to more than
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Fig. 3. Typicalload profile on &pring day 2013
B. Madeira Island

The electricity generatiorsystem in Madeira Island
includes two thermal power plants operating on ikl

ten hydroelectic stations, nine wind parks, ontigteof

treatment of municipal solid waste (MSW) and se

hundred and nine photovoltaicnels. According to the
data on Bble Il, we can analysthe installed power of
each technology.

Table Il- Electricity producing system in Madeira, 2!
Eletroproductor System Empresa déletricidade
da Madeira (EEM

Technology Installed Power [MW
Thermal 182,70
Hydro 49,97
Eletrogeneratioibystem of Private Compan
Technology Installed Power [MW
Thermal 36
Hydro 0,7
Wind 45,11
Photovoltaic 17,96
MSW 8
Total 340,44

The productiorof electrical energy iMadeirds network
increased until 2008after that year, the energy from
thermal sources hadecrease. On the contrary, the
energies originated fromrenewable sources have
increased (Fig. 4).
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Fig. 5 represents the contributicof each technology for
the electrical network in 201
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Fig. 6 shows a diagram of average laadspring for the
same year.
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Fig. 6. Average load profile for spring 2013

4. Methodology
4.1. Automotive sector

In order to understand the evolution of the flefetars on
the islands, firstly it was calculated the densityehicles
(number of vehicles per 1000 inhabitants), using
numbers of vehicles and the numbers of inhabitaxfi
each island.

N, X 1000

t H

Xt

(1)
With:

f:— Number of vehicles per 1000 inhabitants with |
figures for year t;

N, —Number of passenger’s vehicles for ye

H,, — Number of inhabitants for locati x for year t, with
x equal taTerceiraor Madeira Island

The equation used to estimate de vehicles’ densgiy
Gompertz function, which formula is expressed n[10].

VD, =c+(S—c)-ee ¢ (2
Considering:

VD, — Density of vehicles for yeitr

S — Saturation point;

a —Inflexion point of the time axis’ curv

b — Parameter of scale;

¢ — Translation on axis’ curve of y;

t — Time in years.

In order for the density curve of the vehicles ® el
adjusted to the real figures, it was used the nuktbt
minimum squaes with the following expressic

man(ft - VDt)Z
s.a. a=0
b>0 ©)
c=>0
§=20

To verify if the Gompertz formula is well adjustezlthe
density of the existent vehicles the determina
coefficient (R) was calculate

2

((f. - 7)- (vp. - VD))
JEG D) (2vn. - 7D)’)

R? =

(4)

With:

R? —Determination coefficien

f — Number ofpassenger’s vehicles per 1000 inhabiti
according to average real figur

VD — Average vehicle densi

Three different settings of EV's penetration on th®
islands were considered, as we can see in Figutahts
paper has only analysed ttederencescenarios.
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Fig. 7. Percentage of electrical vehicles for the optinj:
reference and pessimistcenario

The charging profiles of EVs considered were preesk
in Fig. 8 and 9. The offeal charging foiMadeira Island
(considering a Gaussiadistribution)and the controlled
charging toTerceirawith 14% EVs
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Fig. 8. Charging profile in offieal
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4.2.Electrical sector

To determine the evolution of electrical enerc
consumption, it was used the same approach of laal
used in the evolution prediction in automobile secthe
Gompertz function, since the electrical ener
consumption presents a sigmoidal shapes time, it was
calculated the Consumption of Enerper capita (DC,
Consumption Densityenergy’s consumption per es
inhabitant resident in a certain country).
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Fig. 10.Evolution and propensity of electricity’s consunagtiin
Terceira Island
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5. Case Study

A. Terceira Island (Azores)
After analyzing the data on Table (ihcrease ocapacity
to install) and the 14% of EV’s pemation with charging
profile (Fig.9), it was possible to obtain the graphic
2030 (Fig. 12).

Table Il —Increase of power to inst
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Fig. 12.Graphic of charge for 2030 with 14% of E

Comparing the previous dawith the situation in 2030
it's quite clear, the thermanergy and that originated
fossil sources decrease considerably. The er
originated in renewable sources will increase frbrdo
in 2013 to 74% in 2030; this makes it possiblegaduce
the impatation of fossil fuels in 44% and the emissior
pollutant gasesin 45%. In conclusion, the use
renewable energy according to these figures allthe:
reduction of costs in the electrical sector by 1
Although it may not be forgotten that, in cen hours, if
an increase in offfeak load is not achieved, the po\
system stability may be at risk. It is not possitiéhave
the power system supplied only with uncontrolle
renewable sources, there must be some contro
power plants to assure thalancing of the syste

EVs charging during offieak hour could help in
leveling the load profile and allowing the penedtmatof
geothermal energy, a base load power source, rée
and without pollutant emissions and at the same iim
those hoursEVs could help in the balancing of t
system if somehow the charging could be controlig:
the power utility.

B. Madeira Island

The data on diagram for 2030 (Fi3) is the result of the
data from Fig. 11(which represents the setting
reference in the increase of charge), Table IV ¢Ww
represents the increase of power to install) ard 8
(which represents the penetration of 14% EV
charging profile).

Table IV—Increase of power to inst
Wind Photovoltaic
60 MW 20 MW




of energy, in such way that if the fleet was 100%
electrical, the impacts to the network would cause
/\ difficulties to the operation system, and in aditon like

160
140

s izg d that the best solution would be for the system'srafor
§> 80 to have some control as far as the charge of thicles
g 60 is concerned.
W40
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EVs are one of the solutions, as they allow thettggranall

penetration by increasing the off-peak demand ahdhe

same time reduce the energy dependency of thedisign

reducing oil products imports.

As far as energy, economy and environment are coade

it's been verified that the more significant thenptation

of EVs in the islands, the higher the benefits. Sehe

benefits are higher if the electricity generationxm

includes a high percentage of renewable sources and

consequently a low emissions’ factor.

In these case studies it's perfectly understood tha

transportation sector is an extremely significaomistimer



