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ABSTRACT 

Planning of energy generation systems, especially of small 

autonomous Electrical Systems (ES), like a Non 

Interconnected Island Power System (NIIPS), within a 

medium to long-term horizon, is a decision making 

problem of high complexity. A series of studies is required, 

examining various scenarios, in order to decide the most 

appropriate development plan for each distinct NIIPS. This 

paper presents a web based application, developed by the 

Energy Systems Laboratory (National Technical 

University of Athens, School of Electrical and Computer 

Engineering) in collaboration with the Hellenic Electricity 

Distribution Network Operator (HEDNO), serving as a 

tool for performing simulations that support this complex 

decision making process. 

 

PLANNING TOOL FOR NON-

INTERCONNECTED ISLANDS 

The main contribution of the paper lies with the 

presentation of an energy planning tool that addresses 

systematic and balanced manner issues, such as the 

operating strategy, the achieved energy and economic 

benefits and the optimal sizing of system components. 

Another point the tool contributes, is related with the 

introduction of Renewable Energy Sources (RES) 

penetration as a separate objective in the optimization 

process, besides the cost of energy. This multiobjective 

approach permits a direct evaluation of the trade-off 

between cost reduction and RES exploitation potential, 

which is a core issue when seeking high utilization degrees 

of available RES energy. Further, an existing island system 

that was used as a study case is presented as proof of 

concept. 

 

STATUS OF GREEK NIIPS  

Greece has more than 100 inhabited islands, 57 of which 

are not interconnected to the mainland grid, forming 29 

isolated electrical systems, each comprising one or more 

islands interconnected to each other but not to the 

mainland. The production system in the NIIPS is based on 

oil fired generation units, which leads to high generation 

costs and significant curtailment of RES energy. 

Load Behaviour 

In 2017 total load from the total of the 29 autonomous 

Greek NIIPS reached 5,88TWh (12, 4% of the total annual 

electricity load of mainland system, according to the 

official HEDNO’s [1] and IPTO’s [2] report). Demand 

curve is a crucial input information for the short term, Day-

Ahead Scheduling as well as for the mid-term, Capacity 

Market planning. Load behaviour is, as known, highly 

correlated with human activity. In the specific case of the 

Greek islands, tourism is part of an important basic annual 

income for the local communities, and one of the 

investment pillars for Greek economy, thus demand curve 

presents interesting particularities, such as daily and 

annual peaks, during noon and evening, and during 

summer likewise. Moreover, after 2012, RES have assisted 

significantly in midday peak decrease though, the 

increasing percentage of non-dispatchable RES, such as 

Photovoltaics (PVs), has led to a more intensive 

fluctuation on demand curve, mainly observed during 

summer. 

Types of Conventional Units 

Despite the increasing share of RES production in the 

NIIPS, the autonomous electrical systems’ operation 

depends mainly on expensive fossil fuel (imported heavy 

fuel and diesel oil). Depending on the island size (in terms 

of Average Demand Peak (ADP) values), the smallest 

depend on internal combustion engines (ICE) fuelled by 

distillate oil (diesel), in medium-sized power systems ICE 

with heavy fuel oil are installed. Conventional generation 

capacity of NIIPSs with higher demand and peak also 

includes steam and gas turbines. Furthermore, carbon 

emissions lead to extra emission fees (CO2/tn) which 

constitute extra charges for the Greek economy, and risk 

severe penalties if exceed the certain limits established by 

national and European laws. Below, the dependency 

between the ES size and the Average Variable Cost (AVC) 

and System Marginal Price (SMP) can be observed, and as 

mentioned before the smaller the island the larger the cost. 
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Figure 1: SMP and Electricity AVC of NIIPS in 2015 [3]. 

Renewable Units 

Despite the rich renewable energy potential of the Greek 

islands, such as wind and solar energy, in 2017 only 1,04 

TWh (equivalent to 17,6% of the total electricity 

production of the Greek NIIPSs) have been produced from 

RES units, mainly PVs and Wind Turbines (WTs). The 

sluggish development of RES installations on the NIIPSs, 

apart from the reasons pertaining to the economic 

environment, is attributed also to the inherently 

intermittent nature of this type of resources and to the fact 

that the hosting capacity of most NIIPSs is limited.  

Conventional production units, on the other hand, can 

provide the essential power and support the frequency, 

though in order to work efficiently cannot work below a 

technical low (usually around 40-50% of their maximum 

capacity). Thus, in order to ensure the secure operation of 

the autonomous electric system, the production of 

dispatchable RES needs to be curtailed. In such a system, 

it is evident that the viability of such investments is 

dubitable, as they are characterized by a high level of risk. 

Moreover, achieving a legitimate Internal Rate of Return 

(IRR), even by a standard feed – in tariff, demands 

thorough studies pertaining to the dimensioning of the 

RES stations. 

Maintenance, Ancillary services, Adequacy  

In the short term, more constraints are added to the 

operation of an autonomous power system if the necessary 

maintenance program for the conventional units is added, 

which inevitably leads to temporary weakened production 

system, with probably higher cost. In addition, ancillary 

services such as primary, secondary and tertiary reserve 

(spinning or not), have to be ensured, for maximizing the 

system’s stability.  

In the long term, energy adequacy has to be ensured, taking 

into account potential unavailability of conventional units 

(due to scheduled maintenance or due to a fault), as well 

as the demand and peak estimations.  

LEGAL FRAMEWORK  

The Operator of the NIIs is responsible for identifying the 

deployment plan for new conventional generation units 

within a horizon of 5-7 years, determining the RES hosting 

capacity of each autonomous energy system and assessing 

the needs for implementing interconnections between 

NIIPSs or between NIIPSs and the Hellenic Electricity 

Transmission System (HETS). Simultaneously, the 

Operator has to respect the national and European 

regulatory framework. 

European targets for 2020, 2030, 2050 

EU’s energy policy aims towards a sustainable, 

intergovernmental model of electricity market, where 

primary objective is the secure and constant supply of 

carbon free electric power, while continued growth and 

competitiveness should augment even more, at the same 

time. In order to achieve the environmental goals, different 

levels of decarbonisation have been set per decade [4] [5] 

and production reforms are needed. HEDNO has to take 

into account these commitments that Greece, as a member 

of the EU, has agreed to, and prepare the national energy 

market of the autonomous islands for new players. 

Carbon Emissions 

Ecological criteria have been appropriately revised after 

their establishment by the Directive 75/2010/EU [6] 

concerning the industrial carbon emissions and their 

impact. According to the Directive 2015/2193 [7], if active 

measures are not taken until 2020 in order to reduce the 

carbon emissions, severe penalties shall be imposed on 

NIIs where CUs over 50MW are used. Until 2030 the rest 

units with less installed power, located in smaller islands, 

may follow. In combination with this strictly limited in 

time target, generation capacity is even more restricted by 

installation and licensing dates (e.g. units up to 500MW 

with first licensing date after July 1st of 1987). 

Operation Code of NIIPS 

The Electrical System Operation Code for Non-

Interconnected Islands prescribes rules for the operation of 

NIIPSs. In the Code, all necessary information is provided, 

concerning the Information Provisioning (e.g. between 

HEDNO’s headquarters and local energy Control Centre), 

operation of the energy Control Centre (e.g. SCADA 

operations and metering) and the energy players rules and 

the market operation (e.g. timetable and content of energy 

offers for each day, remuneration type – corresponding 

technology, etc.).  

In the framework of the new era of ES, the smart grids, it 

seems that Operator needs some sophisticated tools and 

methods in order to be able to achieve all these complex 

targets with as less compromises as possible.  

RDAS 

On a daily basis, the Operator solves for the next Dispatch 

Day, with hourly step, the Unit Commitment (UC) and 

Economic Dispatch (ED) problem, thus implementing the 

Rolling Day-Ahead Scheduling (RDAS). The objective 

function to be minimized comprises the total operation 

cost of conventional units, while ensuring the 

maximization of RES penetration, taking into account the 

RES production and load forecasts and the availability of 

the conventional units. RDAS is updated once per 
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Dispatch Day and refers to the second half of the Dispatch 

Day. 

Especially, for plants with partially or fully controllable 

units, like RES with Storage plants, there is an option of 

updating the submitted energy offers for the second half of 

the Dispatch Day, during the same Day. Operator is 

obliged to absorb this Declared Production, as long as 

system secure operation is not compromised. Such cases 

could be when technical constraints are about to be 

violated, e.g. the energy balance constraint.  

7-YEAR DEVELOPMENT PLANNING TOOL 

The tasks of the NIIPSs Operator pertaining to the 

deployment plan of new electricity generation units and 

the interconnection between NIIPSs or between NIIPSs 

and the HETS are supported by the tool, which is 

developed as a web-based application. 

Tool Description 

The tool is a Web based Application which allows defining 

complicated scenarios pertaining to the electricity demand 

forecast and the composition of the ES under study (types 

of production units, technical and economic 

characteristics, operation rules, etc.), in accordance to all 

the technical and operational restrictions described in the 

Operation Code for Non-Interconnected Islands. The tool 

allows performing three types of studies: 

 

a. 7-Year Energy Planning for assessing the 

deployment plan of new conventional production 

units, 

b. RES Hosting Capacity for assessing the hosting 

capacity of production units utilizing RES in the ES, 

c. Interconnection Study, of a selected non 

interconnected island either with the mainland or 

with another nearby NIIPS.  

 

The core of the calculations includes a merit order 

algorithm that decides, on an hourly basis, the commitment 

and the dispatched quantities of the conventional 

production units and of stations utilizing RES in order to 

serve the entire load and maximize the RES penetration, 

while respecting the operational limitations of the 

production units and, at the same time, conforming to the 

rules that ensure the secure operation of autonomous 

electric systems (e.g. spinning reserve requirements, 

maximum allowable wind energy injection). 

The tool includes a database where the current 

characteristics of the ES are stored. Furthermore, the user 

can define various demand/peak and ES models which are 

also retrievable and editable at any point in time, thus 

formulating different configurations of the system under 

study. The combination of one demand/peak model and 

one electric system model with the simulation type (7-Year 

Energy Planning or RES Hosting Capacity) comprises the 

input of the algorithm and is defined by the user through 

the web interface. 

Peak/Demand Estimation 

The estimated values of the demand and peak for the 7-

year horizon under study is based on historical data, and 

defined parameters by the user. One out of totally seven 

methods can be used, letting the user perform the desirable 

estimations. Methods vary from simple linear 

extrapolation, to an eliminating maximum/minimum value 

method, or even letting the user predefine annual 

increasing/decreasing rates of the demand and peak. User 

might as well download locally a .jpeg or a .pdf of the chart 

and a .pdf of the report. 

Electric System Model 

The Electric System (ES) Model includes options of the 

entire set of production units belonging to the NIIPS. 

Furthermore, Studying different scenarios regarding the 

future development of the ES is made possible by inserting 

the characteristics of various types of electricity 

production units, i.e. conventional, WTs, small wind 

turbines, PV, Concentrated Solar Power stations, Hybrid 

Power Stations (HPSs) and Biomass-Biogas Stations. User 

may as well define all technical and detailed characteristics 

for CUs management, like specific fuel consumption, 

commission/decommission dates, rated power, technical 

minimum, maintenance schedule, merit order, etc. RES 

management is available, by letting the user enter his own 

time series and select various parameters like installed 

capacity, remuneration prices, guaranteed production 

percentage.In addition, the user can define several 

parameters, pertaining to the operational rules of the ES 

(e.g. spinning reserve requirement, must run units, cost 

data, minimum uptime – down time, etc.).  

Interconnections 

Once the User has chosen to study an Interconnection plan, 

he firstly has to choose the ES which are about to be 

interconnected. This choice could either be one NIIPS with 

the HETS, or two (or more) NIIPS between each other. 

Afterwards, he has to define a Peak/Demand model and an 

ES Model that has been already formulated, as described 

previously. Moreover, necessary input data per 

interconnection are: the implementation year, the 

transmission capacity, the length. The algorithm uses 

mathematical graph theory to define if a node, representing 

an ES, is interconnected with another node and proceeds 

with the Unit Commitment and Economic Dispatch for 

each component of the graph. The flows per 

interconnection line are calculated using the DC load flow 

equations. In case the line capacity limits are violated 

rescheduling of the production units situated at the ESs 

connected through the specific line is performed. 

 

Web-Based Application 

The tool is a user friendly web-based application, where 

each user may create his own unique password protected 
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account, and once access has been granted could start 

designing models and run scenarios. Each model may be 

private or public, so anyone can have access to it. A whole 

list of NIIPS is stored in a database, along with data 

regarding the existing generation units per NII, historical 

load timeseries, as well as normalized RES production 

timeseries. User can also insert his own timeseries through 

the Application interface, and both timeseries and models 

created are also stored in the database, so the user can save 

the model, even half designed, and come back to it anytime 

later. Below some screenshots of the Application are 

provided. 

 
Figure 2: Screenshots from the Application. Upper left: 

Dashboard. Upper right: Demand/Peak model. Down left: RES 

(PVs) capacity. Down right: conventional units parameters fields. 

Output 

Application’s results ought to be on one part completely 

and analytically exported, so a deep case study analysis is 

possible, and simultaneously short with all the crucial and 

key role results that allows the user to get a quick 

overview. In order for that to happen, an aggregated report 

with annual results is loaded in the web browser window 

and simultaneously the Application creates a zipped folder 

with all the monthly and hourly results in editable format, 

for each year of the horizon that has been simulated.  

APPLICATION EXAMPLES 

The Application, as mentioned provides three types of 

studies, which can be all applied on the same ES for the 

purposes of results comparison, which shall lead to more 

efficient and sustainable investments. For example in some 

cases, a scenario of interconnection, e.g. with the mainland 

system, should rather be preferred instead of other new 

investments, as RES with Storage, or vice versa. A case 

study of a greek island’s series of simulations follows.  

Case Study: Lemnos 

Lemnos formed a real case test-bed as it belongs in the 

middle category, in terms of ADP among the greek NIIPS, 

is characterized by an existing low RES penetration level 

and by an average cost of energy production among the 

other NIIPS of the same ADP category, and finally is not 

expected to be interconnected until 2028. A basic scenario, 

considering the current state of the island, has been run as 

a reference for the scenarios analysed. 

The goal of this example is to identify the best combination 

of a Storage with RES station that will allow yearly RES 

penetration higher than 50% in the most cost effective 

way. The use of the Application permitted the simulation 

and analysis of 71 different scenarios (grouped in two 

categories for medium and high RES penetration, 

depending on Storage capacity), considering: 

 

a. Storage size (20 – 90 MWh) 

b. PVs size (0 – 37 MW) 

c. WTs size (0 – 42 MW) 

d. Nominal inverter capacity (5 – 20 MW) 

 

The storage size has been set to 4 and 6 hours, for each 

scenario group, and is also related to the nominal inverter 

capacity by a factor of 1,2. 

Different criteria have been used to evaluate the results. 

The first criterion is the yearly RES Penetration to be over 

50% of the load. In Figure 3, the group of high RES 

penetration scenarios for a RES and Storage station 

composition is under examination. The nominal capacity, 

thus the Storage size too, needs to be larger if PVs and 

WTs are not both part of the station. In contrast, the 

combination of PVs and WTs has been proven more 

effective, since the same RES penetration levels can be 

achieved with less nominal inverter and storage capacity. 

Hence, a thorough study has been made concerning 

Lemnos, on exploring the best analogy between PVs and 

WTs, which led to the conclusion that PVs should be 

almost double than WTs in order to achieve the same RES 

penetration level.  

 

 
 
Figure 3: Types and dimensions effects of RES with Storage 

plants on RES penetration levels. 

Next criterion is the sustainability of the investment, 

focusing on the IRR achieving the legitimate 8%.  

 

In Figure 4, the economic results of the scenarios 

aforementioned are considered. Using the Application’s 

results, User may post – process and evaluate the 
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sustainability of an investment. Current investment prices 

that have been taken into account are displayed in Table 

1. 

 
Table 1: Cost data and prices for calculating the IRR. 

WTs 

investme

nt cost 

(€/kW) 

PVs 

investment 

cost (€/kW) 

Storage 

investm

ent cost 

(€/kWh) 

Inverter 

investme

nt cost 

(€/kW) 

O&M cost 

(% of 

investmen

t cost) 

2000 1300 400 300 2.5 

Interest 

Rate (%) 

Investment 

evaluation 

period  

(years) 

Tax 

Rate 

(%) 

Inflation 

(%) 

Equity (% 

of 

investmen

t cost) 

8 20 29 0 25 

Cost 

duration 

(years) 

Battery 
injection 

remuneration 

tariff 
(€/MWh) 

WTs direct 
injection 

remuneration 

tariff (€/MWh) 

PVs direct 
injection 

remuneration 

tariff (€/MWh) 

10 240 99,45 65 

   

The economic results are consistent with the energy 

results, pointing towards a combination of PVs and WTs 

with Storage, where PVs should dominate over WTs, as 

they tend to get higher IRR. When area color turns red, 

IRR or RES penetration are getting worse, and when turns 

green, indicators are improved.  

 
Figure 4: 34 Scenarios evaluation based on IRR and RES 

penetration levels. 

Further results, have shown that for this case study, for 

RES penetration levels of 45% a feed-in tariff of 190 

€/MWh is required, while for 60% the tariff is 280 €/MWh. 

For even higher penetration, the tariff ascends, too. Due to 

the high risks of this kind of investments, and the high tax 

rates, subsidies are necessary so that the investments 

become sustainable. Environmental benefits (reduction on 

oil consumption even by 48%, gas emissions reduced by 

49% likewise, due to CU operating hours reduction, while 

the effect on the existing Wind Farms being very confined. 
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