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Abstract

Medium voltage power distribution networks in remote re-
gions show a specific phenomena related to lower efficiency
and to the security and quality of the power supply. In the last
years, concepts as microgrid or distributed power generation
have been developed in order to make use of local energy re-
sources. However, they may also help in the task of solving or
reducing those problems.

In this paper, a study for assessing the impact of using mi-
crogrid and distributed power generation concepts in a re-
mote distribution network is presented, focused on energy ef-
ficiency and system stability. This work shows that, setting up
a microgrid in the studied remote area, with already existing
technologies, leads to an improvement on system efficiency
without harming its stability. It is also shown that the iso-
lated operation of the microgrid is feasible.

Keywords: Microgrid, Distributed Generation, Renewable
energy, Efficiency, Standalone energy system.

1 Introduction

La Restinga is a small coastatal village with a population of
596 inhabitants [1] located in the southern area of El Hierro
(Canary Islands). The low voltage (LV) distribution network
that feeds La Restinga is electrically linked to the rest of the
power distribution network of the island by a 20kV distribu-
tion line that is 7.7km length. For this reason, it represents
a weak spot of the power system and, therefore, an ideal op-
portunity to apply new concepts which may help in solving
its specific difficulties. In [2], a review of the most common
problems in the operation of islanded power systems and Re-
newable Energy Sources (RES) integration is presented. Se-

veral solutions for isolated power systems control and large-
scale penetration of RES are proposed in [3] and [4].

A microgrid can be defined as an integrated system in
which distributed energy resources (DERs) create a grid that
feeds a variable number of distributed loads [5]. On the
other hand, European Commision has established the follo-
wing definition for distributed generation: Distributed gener-
ation (DG) is an electric power source, connected to the grid
at distribution level voltages, serving a customer on-site or
providing support to a distribution network [6]. These two
concepts could contribute to diminish the effects of distance
in medium voltage distribution networks. Approaching dis-
tributed power generation to the places where power is con-
sumed causes a reduction in system losses, also reducing dis-
tribution line congestions and increasing reliability by allow-
ing ”intentional islanding” [6] and [7]. On the other hand, it
also causes a rise in short circuit currents and leads protection
systems to be reinforced and replanned [6].

The study carried out to assess the feasibility of a micro-
grid based on renewable energy resources in La Restinga (El
Hierro, Canary Islands) is described. The microgrid may sa-
tisfy the energy needs of the population, minimazing power
losses and preserving power system stability. It could also be
able to provide enough power to desalinate and pump the re-
quired amount of water to upper storages. Furthermore, the
possibility of operating the microgrid in islanded mode is also
investigated.

2 Microgrid energy modelling

Using Homer software, an energy model of the microgrid has
been created, including loads that represent population de-
mand, the desalination plant and the existing pumping sys-
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tem. Water desalination and pumping system have been taken
into account as a single deferrable load. The model also in-
cludes several generators and storage systems, which have
been calculated. The simulation was fed with data regarding
natural resources and economic data. This part of the study
was addressed on estimating the sizes of the generators and
storage systems that lead to a lower energy cost.

After a series of consecutive optimizations, the best con-
figurations of generators and storage systems were obtained.
Based on these configurations, a sensitivity analysis was car-
ried out to check its stability, considering the change in pur-
chased energy price and energy demand in the long term.

Figure 1: Energy model optimization results.

Some results from this optimization study can be seen in
figure 1, where it is noticeable that the lowest cost of energy
(COE)(1) is achieved with 100kW p of installed photovoltaic
(PV) power, two wind turbines (WT) (800kW each) and a
maximum power availability of 450kW through the intercon-
nection. The equation of Levelized Cost of Energy (COE) is
shown in 1.

COE =
Cann.tot −Cterm ∗Eterm

Eprim.AC +Eprim.DC +Ede f +Eventa
(1)

Where:
COE = system Levelized Cost of Energy (e/kWh)
Cann.tot = system total annualized cost (e/year).
Cterm = boiler marginal cost (if it existed) (e/kWh).
Eterm = total thermal load served (if it existed) (kWh/year).
Eprim.AC = AC primary load served (kWh/year).
Eprim.DC = DC primary load served (kWh/year).
Ede f = deferrable load served (kWh/year).
Eventa = total grid sales (kWh/year).
At the same time, these results seem contradictory when in-

stalled photovoltaic power is increased. On the one hand, an
increase in the installed power from 100 to 200kW p implies
an increase in investments that leads to a negligible rise of
the cost of energy (from 0.064 to 0.066e/kWh). On the other
hand, more available power on the microgrid allows for a re-
duction in energy purchases from the utility distribution net-
work (from 297858 to 279776kWh/year) and also increases
reserve of water along the year (figure 1, rows 1 and 4). For
this reason, these two situations were chosen as generation
scenarios in order to be deeply studied.

3 Scenarios selection
Different Generation Scenarios have been studied here, in
different Demand periods and Operation modes. All of them
are described in this section.

• Generation Scenarios: according to the microgrid
model, those configurations providing a lower cost of
energy (COE)(1) were selected. These configurations
have been used as generation scenarios in which the later
stability study was based.

– Scenario 0: it represents current scenario, in
which there is no renewable energy production and
the whole demand is satisfied from the utility dis-
tribution network through the interconnection.

– Scenario 1: in this scenario, (800kW ) wind tur-
bines are the main power sources; there are also
100kW p of photovoltaic power and a 400kW bat-
tery system.

– Scenario 2: this is the optimal scenario according
to the optimization; it includes two (800kW ) wind
turbines, a 400kW battery system and 200kW p of
photovoltaic power.

• Demand periods: based on the data obtained from Red
Eléctrica de España [8], Plan Hidrológico Insular de El
Hierro [9] and Consejo Insular de Aguas de El Hierro,
three demand periods were established.

– D-Max period: this scenario depicts daily demand
peak period, which occurs during the evening, and
when power demand is 872kW .

– D-Med period: this scenario represents the plain
period, which happens arround midday, when
power demand reaches 825.5kW .

– D-min period: this scenario tries to consider those
situations in which power demand is lower, in the
valley periods, when it approaches to 287kW .

• Operation Modes: two operation modes were taken
into account.

– Grid-Connected Mode: in this operation mode,
microgrid remains electrically connected to the
utility distribution network through the medium
voltage distribution line between La Restinga and
Taibique. Nevertheless, this interconnection is not
used as a common generator within the microgrid,
but as a buffer with no power through it in stable
conditions. The interconnection is planned to act
only when there is any instability in the network.

– Islanded Mode: in this operation mode, microgrid
remains electrically isolated from the utility distri-
bution network.
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4 Microgrid electrical modelling
Once achieved the goal of finding the most competitive ele-
ment combinations in terms of energy cost and resources ope-
ration, it is necesary to assess the technical feasibility of this
combinations. With this aim, a simulation model has been
developed by using PowerWorld Simulator software, in or-
der to simulate the electrodynamical behaviour of the system
elements.

The main characteristics of the different proposed genera-
tors for the microgrid are shown in table 1. In this case, in-
terconnection and battery system have been treated as gene-
rators. Installed photovoltaic power depends on the genera-
tion scenario, 100kW in Scenario 1 and 200kW in Scenario
2.

Generator Type P (kW )
AeroGen I Type 4 WT 800
AeroGen II Type 4 WT 800
PV Gen I PV 50/100
PV Gen II PV 50/100

Interconnection Synchronous -
Battery Back-up System 400

Table 1: Main generators characteristics.

The models employed to simulate the different generators
in PowerWorld were: REGC-A+REEC-A+REPC-A+WTGT-
A for type-4 wind turbines and REGC-A+REEC-B+REPC-A
for photovoltaic plants. The whole electrical power system
of the island was emulated by setting a synchronous genera-
tor model GENSAL+SEXS-GE+DEGOV+PSS1A, and the
back-up battery system was emulated by putting together two
models: CBattery + GENSAL.

Wind turbine models and photovoltaic plant models were
configured and tested according to [10] and [11], respectively.
Low and high voltage protection relays of the generators were
configured according to [12], while the battery system was
configured according to [13].

5 Stability Study
As the last step of this work, a stability study of the power sys-
tem was carried out. Different scenarios were set up with the
aim of representing typical operational situations that could
take place in the operation of the microgrid. This study tried
to evaluate the possible benefits related to the creation of a
microgrid in La Restinga, in terms of stability and efficiency
of the network itself. The study was composed of two stages.

At first, the study focused on the steady-state of the micro-
grid. The behaviour of the network voltages was assessed,
as well as the power flow and the losses in the distribution
network. Lately, dynamic analysis of the power system was

carried out for load connection and disconnection, generation
outage, short circuit and microgrid isolation.

6 Results
In this section, some results collected from the stability study
are presented. Time evolution of network voltage and system
frequency for different scenarios and disturbances are shown
in order to understand the consecuences of creating a micro-
grid based on the current distribution network for both steady-
state and dynamic analysis.

6.1 Steady-state
6.1.1 Losses

Table 2 shows how DG leads to a reduction in active power
losses (PL) within the microgrid. Every Generation Scenario,
Demand period and Operation mode is taken into account,
and active power losses in Scenario 0 are compared to those
in Scenarios 1 and 2 through ∆P(p.u.), using DMed as a com-
mon demand period.

Escenario PL(kW ) ∆P(p.u.)
DMax 4.8 -

DMed-Esc 0 8.9 1
DMed-Esc 1 4.1 0.46
DMed-Esc 2 4.6 0.52
DMed-Island 4.6 0.52

Dmin 0.8 -

Table 2: Losses in the different generation scenarios and de-
mand periods.

6.1.2 Voltage

Figures 2, 3 and 4 show network voltage in DMed demand
period and generation scenarios 0, 1 and 2, all of them in
Grid-Connected mode.

Figure 2: Network voltages in Scenario 0, DMed period and
Grid-Connected mode.
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Figure 3: Network voltages in Scenario 1, DMed period and
Grid-Connected mode.

Figure 4: Network voltages in Scenario 2, DMed period and
Grid-Connected mode.

Besides, DG allows for a reduction in voltage drops (fi-
gures 2, 3 and 4). However, a single 100kW PV plant in the
LV distribution network (Scenario 2) results in a voltage un-
balance and in a rise in losses due to the amount of power
flowing through a line with low voltage and high impedance.

6.2 Dynamic analysis
In this section, some results from dynamic analysis are pre-
sented using graphics. It must be pointed out that x-axis rep-
resents time in seconds (s) and y-axis represents the magni-
tude under study per unit (p.u.), usually voltage or frequency.

6.2.1 Load Connection

Figures 5 and 6 show the time evolution of network voltage
when the connection of a desalination unit occurs in DMed
demand period and generation scenarios 0 and 2 while micro-
grid is operated in Grid-Connected mode. Desalination unit
consists of 3 electrical pumps of 8, 250 and 30kW . It can be
seen that voltage drops about 2.5% when the load connection
occurs in Grid-Connected mode.

Figure 7 shows network voltage when a stepped connection
of a load occurs while the microgrid is operated isolatedly.
In this situation, voltage deviation is more important than in
Grid-Connected mode, in fact, voltage drops about 14%.

Figure 5: Load connection: network voltages in Scenario 0,
DMed period and Grid-Connected mode.

Figure 6: Load connection: network voltages in Scenario 2,
DMed period and Grid-Connected mode.

Figure 7: Stepped load connection: network voltages in Sce-
nario 2, DMed period and Islanded mode.

6.2.2 Short circuit

The behaviour of the voltage and frequency in the microgrid
can be observed in figures 8 and 9 when a three-phase ba-
lanced short circuit takes place at the interconnection line in
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DMed demand period, Scenario 2 generation scenario and
Grid-Connected mode.

Figure 8: Short circuit: network voltages in Scenario 2,
DMed period and Grid-Connected mode.

Figure 9: Short circuit: system frequency in Scenario 2,
DMed period and Grid-Connected mode.

It is noticeable that, while the short circuit is taking place,
both frequency and voltage drastically fall. Nevertheless, it
is worth noting that, once the short circuit is cleared, they
rapidly return to a stable condition in both sides of the inter-
connection, which has been tripped.

6.2.3 Wind turbine outage

Figures 10 and 11 show voltage and frequency evolution du-
ring a wind turbine outage in DMed demand period, Scenario
2 generation scenario and Grid-Connected mode. It can be
seen that frequency and voltage slightly fall after the outage
of a wind turbine. However, they take a long time to get back
to a steady-state due to the time employed by the remaining
wind turbine to modify its output.

Figure 10: Wind turbine outage: network voltages in Sce-
nario 2, DMed period and Grid-Connected mode.

Figure 11: Wind turbine outage: system frequency in Sce-
nario 2, DMed period and Grid-Connected mode.

7 Conclusions

Results obtained from this work suggest that a microgrid
based on renewable energy resources could be technically
feasible in La Restinga. Furthermore, it was observed that
the introduction of renewable power generators could not
compromise the stability of an autonomous microgrid still
connected to the utility distribution network. Moreover, dis-
tributed generation could reduce distribution network losses
from 50% to 55%.

On the other side, it has been observed that including pho-
tovoltaic generation in the low voltage distribution network
can contribute to reduce voltage drops, and therefore network
losses, if the power of the plants does not exceed a certain
limit.

It has also been shown that this microgrid would be able
to operate isolatedly as long as it have a back-up system able
to disconnect the microgrid from the rest of the distribution
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network. This scenario is the most critical one. However,
islanded operation of the microgrid could be feasible. In this
operational mode, voltage and frequency deviations are larger
when a connection or a disconnection of load takes place.
This situation would require renewable generators to have a
higher reaction capability and would also allow an intentional
islanding of the microgrid for the purpose of overcoming the
consequences of faults and other causes of instability coming
from the utility grid.
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