
Assessing Energy Transition Scenarios for Islands 
through Network Reliability and Power Flow Analysis 

Essam. K. Hussain 
PR. Thies 

College of Engineering, Mathematics and Physical Sciences 
 University of Exeter  

Penryn, UK 

Abstract— This paper presents a methodology for the reliability 
and power flow assessments of island/off grid power networks for 
situations of scarce data and information.  This could be a useful 
tool to help decision makers replacing fossil fuel with renewable 
energy sources for the off grid/ Island power networks. The aim 
of the paper is to present and apply a general methodology, in-
forming the decision making towards sustainable island commu-
nities. Ushant Island, a small French island, is considered as a 
case study. The assessment of the current power network status 
and the reliability analysis reliability are presented. The grid per-
formance parameters are further compared for conventional die-
sel generator operation and renewable energy generation scenar-
ios to emphasis the advantages of replacing the ordinary diesel 
units with renewable energy sources in terms of system reliability 
and network future structure plan. It provides recommendations 
for  the system structure.     

Index Terms-- Islanding, Load flow, Microgrids, Power system 
planning, Power system reliability.  

I. INTRODUCTION 

Many islands and remote communities have no connection 
to wider electricity distribution systems and are dependent on 
imported energy supplies, typically fossil fuels. The energy 
systems that isolated communities depend on tend to be less 
reliable, more expensive and have more associated greenhouse 
gas (GHG) emissions than mainland grid systems. The Euro-
pean Commission’s White Paper on Renewable Energy 
Sources and the United Nations Conference on Islands and 
Small Island States highlight the need to provide the islands 
with an outline for the development in renewable energies[1]. 

Moving from fossil fuel to renewable energy and thus in-
creasing the penetration of renewable energy generation in an 
island’s power grid is a research topic of interest.  The study of 
the present electricity situation in some African island states is 
presented in [2], highlighting the critical lack of electricity in 
some islands due to political instability and high cost of diesel. 
Renewable energy could form part of the solution. IRES-KB 
is a user interactive software and one of early tools to estimate 
the amount of renewable energy sources required supply an off 

grid network. The number of seasons per year and a combina-
tion of certain set of resources and energy demands are the in-
put of the software [3]. The RenewIslands methodology based 
on mapping an island’s energy requirements and resources and 
subsequent modelling of the grid is presented in [4]. In [5] dif-
ferent scenarios of renewable energy sources combination are 
considered for seven villages in India. It considered the relia-
bility, total system cost and cost of energy for integrating the 
renewable energy sources. The reliability study is based on the 
Energy Index Ratio (EIR) and Expected Energy Not Supplied 
(EENS).  The Caribbean island of Montserrat is considered as 
a case study to transfer from diesel to 100% renewable energy 
[6]. The steps to transfer from diesel based generation to Geo-
thermal and PV is presented outlining the benefits of replacing 
the diesel units in term of cost [6].  Finding the optimum loca-
tion of the renewable energy source depending on the mini-
mum total losses in the network and the impact of disconnect-
ing the renewable energy sources, fault and unbalanced voltage 
are presented in [7]. 

As can be seen, the literature is focused on how to transition 
from diesel based generation to renewable energy by studying 
the energy demand and the combination of available renewable 
energy sources. There has been less attention on the current 
power network of the island grid and weather they need to be 
expanded or modified. However, this is a crucial step in the 
analysis and energy transisiton, as the grid infrastructure (or 
lack thereof) will be critical to inform the approach and feasi-
bility of potential energy transition scenarios. Often this is due 
to a lack of publicly available information regarding the grid 
infrastructure. This paper offers a pragmatic approach to derive 
some of the required power network information and presents 
a network analysis method that informs the assessment of en-
ergy transition scenarios.  Additionally, it presents a developed 
methodology based on the available data and information, 
comprised of available power network data, component and 
hardware data sheets.  

 A situation with limited or restricted access to data is a 
common occurrence for island and isolated communities, 
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where the full documentation and detailed energy usage pro-
files may not be readily accessible. The focus of the analysis is 
to perform a relative comparison between the current power 
networks, supplied by traditional power generation units, and 
a sustainable energy supply through renewable generation 
units. This relative comparison is valid, even if the absolute 
parameter values have some uncertainties.  The Ushant Island 
power network is analysed as an example to demonstrate the 
methodology and to outline the assessment of replacing the tra-
ditional generator units with renewable energy sources.  The 
essential parameters for the reliability and power follow anal-
yses such as grid components/units parameters; load profile, 
renewable energy assessment and grid components reliability 
can be delivered by the power suppliers, estimated or assumed. 

II. USHANT ISLAND POWER NETWORK 

The French island of Ushant, off the coast of Brittany, is 
currently off-grid in terms of electrical energy and heating, thus 
heavily relies on expensive and CO2 emitting diesel generation 
to meet its energy requirements. The overall cost of generation 
through fossil fuels is currently over twice as high as the na-
tional average electricity cost of €0.169/kWh (£0.149/kWh) [8]. 
Due to the price volatility of fossil fuels, the generation cost is 
also subject to significant fluctuations over time leading to un-
predictable future prices that may substantially raise the yearly 
expenditure on generation. Hence, Ushant is planning to shift 
away from fossil fuels towards more secure, sustainable and 
cheaper sources of energy. By diversifying the island’s energy 
mix with a greater percentage of renewable energy (RE) gener-
ators, Ushant could exploit more of its natural energy sources 
that are available in the area. Despite the fact that renewable 
energy sources, like wind and solar, may follow general timely 
patterns, they are still intermittent and relatively unpredictable. 
Consequently, if more RE was planned to be installed on Ush-
ant, it would be necessary to implement strategies to balance 
generation and demand, such as energy storage. An optimiza-
tion and energy management of renewable energy to replace the 
Ushant Island diesel generators with renewable energy sources 
is presented in [9]. The Ushant island power network is mod-
elled as a single large load, without consideration of the Ushant 
current grid and reliability/capacity of individual load nodes. 
The local network operator SDEF manages the power network 
of Ushant Island.  

The Ushant grid consists of two main networks; a high volt-
age network, 5.5kV, and a low voltage network/distributed net-
work.  The schematic diagram of the high voltage network Ush-
ant Island network is shown in Fig. 1.  The present generation 
portfolio comprises four off 1.2MW Diesel Generators and a 
0.5MW Diesel Generator. Additionally, a 0.045MWp Solar PV 
array has been installed on the roof of the Sports Hall rooftop 
since 2014. Hence, the total peak generating capacity is 
5.345MWp. The power demand over the year in 2016 is shown 
in Fig. 2 [8]. There is significant seasonal variation in the elec-
trical demand on the island. Electricity consumption is much 
higher during the winter as the majority of buildings on the Is-
lands rely on electrical heating [10]. 

The Ushant Island power network schematic diagram and 
the total load power are the only accessible data sets. There is 
little information about the load at each load node and the pa-
rameters of the power network. However, this information is 
necessary for the reliability and power flow analysis assess-
ment of the island’s grid to understand the capacity and ability 
of the grid to enable any energy transition plans.  Two engi-
neering parameters have to be identified / estimated; power ca-
ble parameters (type of cable, length, diameter) in order to de-
rive the equivalent inductance, resistance and capacity of the 
cable and the load at each node in the network regarding power 
supply and demand. 

A. Cable Parameters  

By using PlotDigitizer software [11] one can estimate the 
cable length between load nodes. Basically, the geographical 
map is loaded into the software and the user selects the coordi-
nation system limit (X and Y) according to the geographical 
map scale. 

The software scales each point (pixel) on the map. There-
fore, the length of the cable can be estimated by the cable route. 
Depending on the length, core materials and the size of the ca-
ble the equivalent inductance, resistance and the capacitor can 
then be inferred. Subsequently, the cable parameters can be 
identified as in (1) to (3) [12]. ܿ = 2.24 × ܥܫܵ logቀܦ ݀ൗ ቁ൘ ×  (1)  ܮ

Figure 1. Ushant Island’s power network 



Figure 2. Ushant Island average, maximum and minimum power demands 
over a year (2016) 

௖ܮ	 = 0.3043 ቆ଴.଴ଵହଷା଴.ଵସ଴ସ×୪୭୥భబ √ಲ×ಳ×಴3 ೏ ቇଵ଴ల × ܭ ×     ܮ
(2) 

ܴ = ߩ ܮܽ (3) 

Where, C is the total capacitance of the cable. SIC is the 
dielectric constant of the cable insulation and D is the diameter 
over the insulation. d is diameter of the conductor, L is the 
length of the cable , LC is the cable Inductance (in mH) and A,	B,	C  are spaces among the cable cores in. K is the installation 
correction factor, ܴ is the cable resistance, ࣋ is the cable core 
resistivity and a  is the cable core area.  

From the cable manufacturer’s data sheets, for a 5.5kV 
cable, the typical insulation thickness is 2.25mm. A cross-
linked polyethylene (XLPE) type cable is assumed which has 
a low dielectric constant of 2.3. The highest correction factor 
is chosen (1.5) [12]. These specifications are chosen to emu-
late the worst conditions. The core martial of the cable is Alu-
minum. Based on this information, the cable resistance, induc-
tor and capacitor are estimated.  

B. Load at each node 

 The load can be estimated by establishing a catchment area 
for each node and counting the number of houses/ building in 
this area, using a reference model for each load demand. The 
catchment area is drawn based on the nearest building to the 
node. The base model of the house is chosen to be a small house 
(70m2).  The total number of buildings is 1,105, which is more 
than the number of people living on the island permanently 
(850 [13]), suggesting  that about 2/3rd of the buildings are 
likely to be holiday homes and related to tourism. Once the 
system parameters of the cable and power network are estab-
lished, a Simulink model, using Matlab Simulink, is developed 
to study the power flow of the network. Once this essential net-
work data is  established, the power network can be assessed 
regarding reliability and power flow.  

III. POWER FLOW ANALYSIS OF THE USHANT ISLAND POWER

NETWORK 

It is useful to study the Ushant power network without 
introducing the renewable energy sources to the network. This 
helps to understand the capacity usage of the network and the 
possibility of the grid to accept new renewable energy without 

modifying the infrastructure of the power network. This anal-
ysis can then inform the selection of the most suitable loca-
tions for renewable energy deployments from a power net-
work perspective. It indicates the potential rated power of re-
newable energy generation and location, which the existing 
network can support without requiring network upgrade in-
vestments.  The peak energy demand recorded throughout the 
six years of available data is 2.08MW, in March 2013 [8]. The 
peak demand of 2.08MW is employed for the power flow 
analysis of the Ushant network. The power factor of the load 
node is assumed to be 0.7 which is normally the lowest power 
factor of the grid [14]. Based on this peak load, the load de-
mand at each node is calculated as the percentage of the num-
ber of buildings at each node as shown in Fig. 3 (the displayed 
values are placed on the real load location), where the maxi-
mum load demand occurs at the city center (190kW). 

Figure 3. Power load at each node for the peak load demand (March 2013) 

To analyze the cable current capacity under the highest load 
demand. Fig. 4 shows the percentage of cable current capacity 
usage under the highest load demand (2.08MW).  The highest 
cable capacity usage is at the city centre (58%). It seems that 
the Ushant power network is capable of adding more loads and 
generation units. The cable capacity analysis indicated that as 
much as 2.7MVA (1.87MW at 0.7pf) could be added as power 
generation capacity.  

To study the effect of introducing the renewable en-
ergy sources to the Ushant Island, different scenarios of the 
types and combination of the renewable energy sources are 
presented in [13]. Scenario 7 in [13] is selected as a case study 
where it has the highest power generation during the winter 
and has three power sources, which increases the system reli-
ability. In this scenario, three power generation units, Sabella 
D10 tidal turbine, extensive solar installations (20% of roof-
tops) and an 800kW wind turbine are considered. The location 
of the tidal turbine is selected to be in the south west of the 
island. However, the location of the wind turbine is not men-
tioned. Two cases of the  wind turbine locations are suggested 
in this paper as shown in Fig. 5 where these locations have 
higher voltage drop (1.019%-1.5%), higher failure 0.0837-
0.0974 failure/year) rate and the  nearest load does not have 
the lower cable capacity usage (2%-3%). According to the rec-
orded data for the Ushant Island in 2016 [13] the output power 
at the maximum load is shown in Table 1. It is assumed that 
there is a battery storage system, which is capable of storing 
the surplus generation energy and injecting the shortage in en-
ergy demand. 



Figure 4. Cable capacity usage 

TABLE 1.  POWER DEMAND AND GENERATION AT THE MAXIMUM LOAD 

Renewable 
sources 

Solar 
(20%) 

Wind Tidal Total  
Load de-

mand 

Output power  0kW 810kW 2.7 kW 813kW 1707 kW 

Under the maximum load demand, the cable capacity usage is 
no more than 40% at the city centre. The rest of the cable ca-
pacity usage is small (1% to 20%) as shown in Fig. 6. There is 
little  different between the two scenarios of the wind turbine 
locations in terms of the cable capacity usage. The wind tur-
bine location in scenario 2 seems to have slightly power cable 
capacity usage where the maximum is (52%). 

Case 2

Case 1

20% of rooftops 

Sabella D10

Figure 5. Cases for the wind turbine locations  

Figure 6. Cable capacity usage under two cases of the WT locations 

IV. RELIABILITY ANALYSIS OF THE USHANT ISLAND POWER

NETWORK 

A reliability analysis of the current Ushant network gives 
an indication regarding the failure rate/year of each node, for 
example, how often in the year there is no power at a specific 
load node. Moreover, it provides a general estimate of the 
power network reliability.     

For Ushant Island, there is no available/recorded data of the 
cables, transformers, generator and circuit breaker failure rates. 
Published papers and literature can be used to as an estimated 
of the failure rate of the most common network elements. An 
overview of typical failure rates data for power network com-
ponents is shown in Table 2. The average data are derived and 
summarized from [15-23]. 

TABLE 2.  FAILURE RATE OF THE MAIN POWER NETWORK [15-23] 
Element  Failure rate  Element  Failure rate 
Cable  0.0386/km AC generator 0.0877 
Transformer 0.0526 Power inverter 0.0433 
Circuit Breaker  0.0131 

All the failure rates of the mechanical system of the renew-
able energy sources such as turbine, diesel generator mechani-
cal parts and gearbox are not considered in this paper, as the 
focus lies om the electrical infrastructure and network, rather 
than on the mechanical system. In this reliability study, the re-
liability block diagram is built employing Reliability Block Di-
agram Analysis (RBD) software (ReliaSoft) for each load node, 
modelling the AC generators, power cables, a transformer at the 
node and a circuit breaker connecting the load to the grid. An 
example of a load node reliability block diagram is shown in 



Fig. 7 for load node P0002. At least two out of four diesel gen-
erators should be operational together to supply the load de-
mand.   

Figure 7. Load node P0002 reliability block diagram  

It is interesting to compare the failure rate of the Ushant 
grid under the diesel generators and the renewable energy 
sources. Fig. 8 shows the failure rate of the load node under 
renewable energy sources compared with the diesel network 
operation. As can be seen from Fig. 8, the failure rates of the 
load nodes are decreased according to the nearest to the renew-
able energy sources.   

The renewable energy sources reduce the failure rate of 
the load nodes by 1% to 47%. It seems that the failure rate of 
the load node at the city centre reduced significantly (up to 
37%).   This is because the PV that is mainly at the city centre 
have high reliability compared to the AC generator.  

Figure 8. Load node failure rate under diesel and renewable energy sources 

V. CONCLUSION 

In this paper, a topology for the reliability and power flow 
analysis is presented based on a proposed methodology to 
find/estimate the required data of the power network for the 
analysis. The two main Ushant power network modes are con-
sidered and compared with each other. The first mode is the 
current power network and the second is replacing the diesel 
generators with a selected renewable energy sources. For the 
power network operated by diesel generators, the power net-
work cables can support an additional average of 1.8MW 
load/power generation units and the failure rate of the load node 
is less than 0.13/year. The load node at the city centre has a high 
cable capacity usage 58% and a lower failure rate of <0.07/year. 
By introducing renewable energy, the failure rate of the power 
network is decreased by 50%. Furthermore, there is high energy 
generation from the renewable energy sources which needs a 
huge battery storage system and proper control to handle the 
power among the loads and renewable energy sources. 
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