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1. Objectives of the document. 

The aim of this report is to present an assessment of the key aspects of the integration 

of RES in isolated systems in MEDREG countries. This assessment is illustrated with 

case studies from Algeria, France, Greece, Portugal and Spain showing how each of 

these countries address the challenge of meeting the electricity needs in isolated areas 

of their territory. 

 

 

2. Introduction 
• Isolated systems. Key features. 
We consider as “isolated systems” those systems that, due to their geographical 

location are far from the main transmission grids (islands or territories sited in areas of 

difficult access, such as desert zones). Isolated systems share some particular 

features: 

 

-Limited or no electricity interconnections; 

-Lower grid inertia that can lead to grid instability; 

-Higher reserve capacity required than on mainland; 

-In general, lower voltage required, due to the shorter distance to 

convey electricity which implies higher grid losses; 

-Power generation mainly based on petrol products, although RES is 

gradually gaining presence in these areas; 

-In many cases, a higher rate of growth of electricity demand than in the 

mainland; 

-Higher generation costs than in the mainland due to difficulties in 

transporting fuels and more costly operation; 

-Difficulties in introducing competence and to attract investments. 

The particular features of isolated system constitute a big challenge to supply electricity 

with acceptable levels of quality and at affordable prices. 

 

• Political and socioeconomics issues 

The access to energy is essential for developing any human activity. It is crucial for the 

economic prosperity of these territories to ensure the access to reliable supply at 

affordable prices.  
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In Algeria, national electrification policies funded by the government are developed in 

order to provide electricity to cover basic household needs (lighting, fridge, TV, radio 

station and fan). The final aim of these programs is boosting the economic and social 

opening of these areas by providing them access to basic appliances and, 

consequently, to formation e information (TV, radio and internet services where 

available). There are also some groups of consumers with special vulnerability ( 

elderly, disabled, low income, etc) and which need special attention. 

The importance of the access to electricity at affordable prices and at acceptable 

quality levels in all national territory is a main concern for all governments. Electricity 

costs are higher in isolated systems due to higher instability of the system and more 

costly generation. 

The analysis cost/benefit must be taked into account in order to get the right decission 

in each particular case. 

In order to ensure that all citizens have access to affordable electricity, many countries, 

as is the case of Spain and France, have developed compensation mechanisms based 

on solidarity to guarantee access to electricity at the same price in all national territory. 

 

 

3. Electricity generation technology. 
• Conventional technology and back up. 

Conventional power plants are those which generate electricity from fossil fuels (coal, 

fuel-oil, gas, diesel, gas-oil) using conventional technologies, namely, thermodynamic 

cycle of water/steam. The main types of conventional power plants are combined cycle, 

simple cycle, coal-fire power plant and fuel oil power plant. The operating principle of 

conventional technologies is based on burning fuels (coal, gas or fuel-oil)  to obtain 

steam which moves a turbine to convert kinetic energy into electricity.  

The conventional thermal power plants have in general, a good capacity to produce at 

different levels of load depending on the technology and the fuel (coal, fuel-oil, natural 

gas, simple cycle, combined cycle, etc….). In this sense, it must be taken into account 

that there is a minimum effective power which a power station unit can supply 

continuously in normal operating conditions. This concept is relevant for the economic 

dispatch, especially at off-peak hours or periods of low demand, and to provide 

spinning reserve. The start-up time also depends on the fuel and the technology being 

the longer for coal plants and the shortest for gas turbines.  
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RES generation depends on the availability of primary energy (wind, sunlight…) difficult 

to predict. The RES deployment on a large scale makes arise the challenge of how to 

compensate the variability and intermittency of RES. The flexibility of conventional 

generation is very suitable to provide back-up services by quick adjustment of their 

generation to to equip with electricity when needed. 

 

• Renewable energy technology and CHP 

-Hydraulic power plants 

Two main kinds of hydro power plants exist: conventional (dams) and run-of-the-river. 

Conventional power stations are linked to one or several dams and the amount of 

generated electricity can be determined voluntarily under the limits imposed by the 

water availability and the technology. The run-of-the-river is not regulable by a dam and 

its production capacity depends on the flow of the river. Due to their technical 

characteristics, such as high speed response, the shortest start-up time of all 

technologies and the wide range of viable production are very suitable to provide 

balancing services. 

 

-Photovoltaics (PV) 

Photovoltaics is the technology which directly convert solar radiation into electricity by 

the so-called “photovoltaic effect”. The sunlight is composed by photons that are 

absorbed by the solar cell. The energy of the photons is transferred to an electron 

which becomes free from its normal position in the atom to act as charge carriers for an 

electric current. The PV systems is composed by multiple components. Among others, 

solar panels composed by solar cells electrically connected together to increase their 

power output. The efficiency of a solar cell is sensitive to variations in both the power 

and the spectrum of the incident light. 

The PV electricity generated can be stored, used directly, fed into the grids or 

combined with one or many domestic electricity generators to feed into a small grid 

(hybrid plant). The PV systems can be off-grid (or standalone) or grid connected.  

Due to the historical learning curve as well as the industry growth, the cost of PV 

systems has been constantly decreasing over time and this trend is expected to 

continue. The PV technology has been improving economies of scale and efficiency. 

Over the past decade, PV has become an important part of the energy mix around the 

world and already today, appears as a real alternative to conventional technologies. 
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-Concentrated Solar Power (CSP) 

The basic principle of Concentrated Solar Power plants is the use of concentrating 

parabolic reflector systems in large-scale, which direct the solar radiation onto a 

receiver. The concentrated radiation is then transformed into thermal energy at 

temperatures ranging from around 200ºC to over 1000°C (depending on the system). 

As in a conventional power plant, this thermal energy can then be converted into 

electricity via steam and powered turbines, or it can also be used for other industrial 

processes.1 

Currently, there are four types of concentrating reflector systems: Linear concentrating 

systems such as parabolic trough and Fresnel collectors and point focus concentrating 

systems such as solar towers and Stirling o parabolic dishes. Parabolic trough 

technology is currently the most proven and mature Concentrated Solar Power electric 

technology.  

The technical risk can be considered very low because of the high tested experience in 

the use of this technology (number of accumulated hours of operation of existing 

plants) and the high degree of learning.  

The plant load factor can be increased by using storage or hybridization with fossil 

fuels. Hybridization increases dispatchability too which permit obtain a “baseload” or 

fully controllable electric output. 

 

-Wind 

Wind power plants generate electricity by moving a wind turbine to convert kinetic 

energy from the wind into electricity. Two main market segments exist : off-shore wind 

farm and on-shore wind farm. 

Apart from the resource availability (wind), the main obstacles wind technology must 

tackle with are the environmental acceptance of building big wind farms (visual impact, 

protection of wild birds….) and the development of the grid and/or storage to address 

the intermittency due to the variability of wind. The impact on the grid is a crucial issue 

for wind power.  

 

-Biomass power generation 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	  In	  the	  RES	  WG	  document	  «Case	  Study	  on	  the	  application	  of	  Article	  9	  on	  flexibility	  mechanisms	  in	  the	  
EU	  Directive	  2009/28/CE	  »	  there	  is	  an	  example	  of	  the	  advantages	  of	  deployment	  solar	  technologes	  in	  
places	  with	  high	  resources,	  according	  to	  solar	  radiation.	  
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There are several biomass conversion technologies at different stages of development, 

based on thermo-chemical (combustion, gasification and pyrolysis) and 

biochemical/biological (digestion and fermentation) processes. 

Several biomass power generation technologies are mature, but most of biomass 

technologies have difficulties to compete with fossil fuels for several reasons. Biomass 

plants, using complex pretreatment, handling and feeding systems for biomass 

feedstock have higher capital and operating costs. 

The main issue regarding the viability of bioenergy lies in the development of a reliable 

supply chain. Competition between alternative use of biomass for food, feed, fiber and 

fuel is a major issue for bioenergy deployment. 

 

-Other renewable technologies 

Other renewable technologies exist, which are at different stages of learning yet 

already in use, such as the tidal power, an hydraulic technology that converts the 

energy of the tides into electricity, wave power that uses the energy of waves to 

generate electricity, waste-to-energy plants that generates electricity from the 

incineration of waste or geothermal power stations which use the heat from the earth´s 

core to heat water or another fluid to move a turbine to generate electricity.  

 

-CHP 

Combined Heat and Power (CHP) is a technology used to improve energy efficiency 

through the generation of heat and power in the same plant. Fuel can be renewable 

(biomass) or fossil fuel (mainly natural gas). Thus, CHP reduces the need for additional 

fuel combustion for the generation of heat and provides a large potential for reduction 

of CO2 emissions. 

 

 

• Storage systems. 

The development of storage systems is considered to be one of the key elements for 

the massive deployment of RES in isolated systems. In the absence of meshed 

networks and the difficulties to balance the grid, storage can be an important support 

for the system security and stability to compensate the rapid fluctuations of RES 

facilities and their inability to adjust their production to match demand. 

RES facilities can be equipped with different storage systems: 
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-Pumped hydro storage. pumping facilities provide energy storage by pumping 

water at off-peak hours from a lower to an upper reservoir where water is stored. 

During peak hours, water is released to be turbined in order to generate electricity. 

An example of this kind of storage can be seen in the wind farm-hydro project 

“Gorona del Viento” (see the case study of Spain).  

 

-Thermal storage. it is a technology widely used to improve the dispatchability of 

CSP. This kind of storage is based on the use of latent heat storage in solids, in 

liquids or in phase change materials. The most commercially mature technology is 

the use of the “solar salt” mixture.  

The storage increases the plant load factor, permits the modulation of the power 

output and production becomes more regular and less influenced by the weather 

conditions. Depending on the storage size and operation, the CSP plants equipped 

with this thermal storage are able to provide ancillary services. 

 

-Flywheel storage. flywheel consists of some rotating mechanical devices that 

convert electrical energy into kinetic energy, storing it and then when the system 

requires it, it is returned to the grid as electricity. 

 

-Battery storage. an electric battery is a device consisting of one or more 

electrochemical cells that convert stored chemical energy into electrical energy. 

 

 

 

4. Regulatory framework 
• System security  

In isolated systems, lower inertia can lead to grid instability. In some cases, seasonal 

load variation is very high, due, among other, to summer tourism. Moreover, variability 

of output and lack of predictability of some renewable technologies is a challenge that 

must be addressed. The development of an adequate regulatory framework including 

appropriate ad hoc technical requirements is crucial to ensure electricity supply at 

acceptable levels of quality of service.  

It is necessary to establish a number of regulatory measures and specific technical 

requirements for RES generation: 

-Electricity planning including forecast of demand, estimation of necessary 

generation capacity to meet that demand in secure conditions as well as 

transmission capacity needs, to ensure the balancing supply/demand.  
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-Higher reserve capacity is required than on mainland. For example in Spain the 

required reserve capacity varies from 1.4 to 1.9 in isolated systems vs. 1.1 in the 

mainland. (see the case study) 

 

-Voltage control. Some facilities receive an energy supplement for maintaining 

certain power factor values. Also, big plants may receive instructions from the TSO 

(or by delegation of the TSO, from managers of the distribution networks) to 

effectuate temporary modifications. 

 

-Voltage drops. Wind and solar PV plants might be required to withstand voltage 

gaps or drops in order to improve dynamic stability. This requirement might be 

mandatory for facilities over certain installed capacity. 

 

-Dispatching center. For facilities over some installed capacity, it exists the 

obligation to be attached to a generating control centre, which acts as contact point 

with the TSO. The dispatching center forward the information about the facilities to 

TSO in real time and ensures that TSO instructions are executed for the purpose of 

guaranteeing the reliability of the electrical system at all times. This obligation might 

be a necessary condition to be qualified for the incentive system. 

 

-Real time metering. Obligation to send telemetric readings to the TSO in real time. 

 

-Storage system. As mentioned before, in small and scarcely interconnected 

systems, the storage systems plays a very important role for the security and 

stability of the overall system. In the cases studies presented in the annex, we 

present examples of projects with storage or particularities of regulation on storage. 

 

-Interconnections. Connecting the isolated systems with the main grid is a very 

effective tool to tackle with the intermittency of RES, to boost the development of 

more efficient technologies in the isolated systems and to open markets to 

competition.  

 

• System activities  

In many countries, the opening-up of energy markets started in the 1990´s. One of the 

basic pillars of any process of liberalization of the energy markets is to ensure effective 

separation of network activities that must remain regulated, transmission and 

distribution, from those likely to introduce competition, namely generation and supply. 
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The peculiarities of the isolated systems impose some constraints to liberalization that 

must be taken into account to be able to ensure secure energy supply at adequate 

quality and at the lowest costs. Due to particularities of the supply in isolated systems, 

it might be justified to grant temporal derogations. In any case, when available, the 

possibility of introducing market mechanism to progressively increase competition to 

minimize the cost-overruns must be explored  

According to available information, it is remarkable that generation activity which is 

usually is liberalized, remains regulated in some isolated systems. In others, although 

is a liberalized activity, it is remunerated according to regulated procedures. In isolated 

systems, it does not make sense to set up a bidding market similar to the mainland 

market.  

The network activities, transmission and distribution, are regulated activities but, due to 

the specific nature of this territories, the tension threshold used to separate between 

transmission and distribution activities is lower than in the mainland.  

Finally, supply activities are liberalized in a similar way to the mainland. 

 

• Energy efficiency 

As mentioned above, the specific nature of isolated systems lead to likely higher costs 

than in the mainland stemming from the greater reserve needed, the overcost of the 

specific technologies used, higher cost of fuel provision, etc.  

Gaining efficiency is crucial to reduce costs in isolated systems. Nevertheless, any 

measure to be undertaken must be carefully assessed taking into account the 

particular features of each system and the expected cost-benefit. 

From the supply side, several measures can be undertaken in order to improve 

efficiency in isolated systems: 

-Planning of new infrastructures. It is crucial to send clear signals to attract 

investments with lower costs. Additionally, where possible, it would be desirable to 

harmonize the planning of electricity and gas and develop mechanisms to promote 

the connection of new conventional facilities with renewable power plants. 

 

-Developing interconnection capacity (see the Spanish and Greek case studies). 

The interconnection between isolated systems and the mainland has important 

benefits in terms of security of supply, environmental benefits, reduction of 

generation costs, etc. The interconnection enhances competition in the generation 

dispatch. 
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Further developments of the interconnection capacity could enable the integration 

of the isolated system in the wholesale market. In this sense, experiences such as 

the MIBEL market (Iberian market) have shown how “market splitting” mechanisms, 

when arising in areas with two price systems, launches an unambiguous signal to 

new capacity to install in the area of higher price, displacing units of higher variable 

cost and tending to level prices in both zones. 

 

Nevertheless, the decision of connecting the isolated areas with the mainland must 

be carefully studied, carrying out the proper cost benefit assessment. The increase 

in interconnections is expected to bring a reduction of generation costs and to 

enable further deployment of renewable energy but it has the drawback of facing 

the high costs of the development of submarine cables.  

 

Moreover, the development of interconnections with the main grid could be 

technically almost unfeasible. It is the case of some isolated systems in the South 

of Algeria, located far from the main national grid in desert areas. The overhead 

lines face important technical problems in desert environment due to extreme 

temperatures, salt pollution or sand abrasion. As a result, it could be preferable for 

these systems to remain isolated and to invest in other technical solutions. 

   

-Improvements in the dispatching procedures.  It is possible to introduce some 

degree of competence for the manageable generation. One option is to determine a 

transparent price for each hour, namely, a hourly marginal price equal to the 

variable cost of the marginal power plant needed to meet demand. This marginal 

price constitutes an economic signal for new entrants so that if supply deficit 

occurs, the high marginal price will attract new investments which displace less 

efficient units.  

 

-Bilateral contracts. The regulation of medium/long term bilateral contracts 

encourages the entrance of new producers and traders. 

 

-Net metering and net balancing systems. Development of smart grids, distributed 

generation ( for instance Solar PV in roof houses), etc are projects which involves 

economic advantages, losses reduction, and can improve energy efficiency in this 

systems.  

 

From the demand side: 
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-Price signals for consumers. In many cases, consumers are paying the same price 

paid in the mainland, independently of the evolution of costs in isolated systems. It 

would be convenient that consumers were sent the right signal price (variable cost 

of the marginal unit) although in average they ended up paying the same price that 

the one in the mainland. 

 

-Demand response. It is expected that demand-side participation contribute to 

system instability and to help to integrate larger amounts of renewable in the future. 

The introduction of smart grids (and smart metering) will allow to make use of price 

signals in order to involve all consumers in the management of the system. They 

will be able to have an active behavior by shifting demand and consumption in 

response to price signals. 

 

-Energy savings. There is scope for improvements by raising the awareness of the 

consumer. Measures as simple as, replacing traditional bulbs with energy-saving 

bulbs, use of more efficient appliances, improving isolation…..imply huge savings in 

energy consumption for the system. 

 

• Cost of the system. Support scheme compensation. 

In some MEDREG members, the price of electricity for consumers is the same in the 

isolated systems than in the mainland. At the same time, as mentioned above, the 

peculiarities of these systems involves higher costs of generation. The establishment of 

the same price in all national territory, regardless where consumers are located, arise 

the need to develop compensation schemes  covering the over-costs of generate 

electricity in isolated systems. 

-Consumers 

In some countries, in order to avoid any discrimination among consumers, the end-user 

prices are the same in isolated systems than in the mainland.  

-Generation 

Algeria 

Electricity generation is regulated. The power plants which are located in the area of a 

considered concession up to 15 MW are operated, maintained and upgraded by the 

concessionaire and are considered as an integral part of this concession.  

Otherwise, a specific company has been created, as a new subsidiary of the holding 

company Sonelgaz since 1st April 2013, to maintain and develop either renewable 



 

	  
13 

	  

energy and conventional power plants in the Southern areas, called SKTM (Sharikat 

Kahraba Wa Taket Moutadjadida), which is a subsidiary of the holding company 

Sonelgaz. 

 

France 

EDF SEI, a subsidiary of EDF, is the system operator in non-interconnected zones and 

it is responsible for generation, transmission and distribution. EDF has the obligation to 

conclude purchase contracts with other generators. These contracts are reported to 

CRE and EDF SEI is only compensated for the costs validated by CRE. 

 

Portugal 

Conventional generation owned by the integrated utilities EDA is regulated by ERSE. 

There is an independent generator in Madeira with a power purchase agreement with 

EDA. The generation from RES sources is applied the same feed-in scheme that in the 

mainland. 

 

Spain 

It exist the right to freely install generation without any other limitation than those 

arising from territorial planning regulations. There is no wholesale market in isolated 

systems.  

As generation in these systems has higher costs so surplus must be covered by the 

regulatory framework (see compensation above). The special system generation (RES 

and CHP) applies the same feed in tariff scheme than in the mainland. The costs of 

conventional generation are divided in fix and variable costs. Regulation sets standard 

(recognized) costs for both. 

 

Transmission and distribution 

Network activities are regulated. The retribution regime for transmission and 

distribution activities is set out in every national regulation. In many cases, the 

remuneration is part of the access tariffs. 

 

Economic dispatching 
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TSO can establish the hourly merit order for conventional generation taking into 

account variable costs. As in the mainland, RES generation has priority in the merit 

order if technically feasible. The agents send their weekly programming to the TSO 

which makes the needed daily adjustments (D-1). Imbalances are evaluated at 

mainland balancing prices. 

 

-Compensation 

In many countries, the price of energy paid by the consumers in isolated systems is the 

same paid by the consumers in the mainland. The extra costs in isolated systems are 

covered by access tariffs, national budget or a combination of both. 

For instance, in France the extra cost is paid by all consumers in the access tariffs. In 

Spain, the costs of generation are covered by hourly market price in the mainland plus 

a compensation for over-costs. The compensation is paid by both access tariffs and 

National Budget. 

 

 

5. Conclusions 
 

We consider as “isolated systems” those systems that, due to their geographical 

location are far from the main transmission grids. 

The lack of interconnections and the lower inertia of these systems can lead to grid 

instability that obliges to establish more demanding security requirements than in the 

mainland.  

There are many available technologies to produce electricity. In economic terms, due 

to the higher costs of conventional generation in these areas, RES can be relatively 

more competitive than in the mainland. Moreover, in many isolated systems, the 

availability of abundant natural resources (wind, sunlight) to produce RES makes them 

very suitable places to deploy RES. Nevertheless, the particular features of these 

systems attached to the intermittency and no manageability of RES, makes advisable 

to be cautious and carefully plan this deployment considering additional requirements 

(storage, conventional generation to back up, limits in RES installation…). 

The liberalization process in isolated systems presents some peculiarities. The 

unbundling requirements have been differently applied and in some territories, 

exemptions have been granted. Most differences with the mainland are found in 

generation activity. In some countries the wholesale market remains regulated, while in 

other, although liberalized, no wholesale market exists or its remuneration is regulated. 
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In order to improve efficiency and reduce costs in isolated systems, some measures 

can be considered such as, from the supply side, planning of new infrastructures, 

development of interconnections, improvements in dispatching procedures and bilateral 

contracts and from the demand side price signal for consumers, demand response and 

energy savings. 

In short, the main two technical options to face these challenges are: 

-Transmission line connecting the isolated area with the mainland or the general 

network. 

-RES Technology deployment + conventional technology or /and storage system. 

 

Finnally, the costs of the system are recovered very similarly to what happens in the 

mainland with the exception of generation activities. Many countries have developed 

compensation mechanisms to pay the extra costs of generation in isolated systems 

that are funded by access tariffs, national budget or a combination of both. 
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ANNEX (CASE STUDIES)  
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Case Study 1: Isolated Systems in Algeria 
 
1. Introduction   
Within the application of the main options of national electrification policy; major 
programs of supply of electricity in isolated areas of the Southern Algeria have been 
launched, financed by the government and carried out by the Group SONELGAZ and 
the High Commission for the Development of the Steppe. 
Because of their distance, far from the Northern Interconnected Network (RIN), the 
Southern Algeria territories are supplied by isolated networks (Isolated Southern 
Networks, RIS) by power plants ( or power generation poles). However, this electricity 
generation still highly carbonated, based on fuel and gas oil for diesel plants and 
natural gas for gas turbine plants. 

The development of these programs led to the economic and social opening in these 
areas and access to commercial energy. 

The installed capacity supplying isolated south areas has increased from 281 MW in 
2000 to 352 MW in 2012.  

The electricity demand characterized by early sustained growth, with a ratio higher than 
10% by year; the supply of these power plants with fuel or gas oil becomes increasingly 
difficult and costly.  

Therefore, a new challenge is faced with the problem of choosing the most appropriate 
modes of supply of these regions by diesel power plants, due to a strong demand for 
fuel oil and higher difficulties to supply these regions by trucking over long distances. 

That is why the government has undertaken, since the mid-90s, the choice of 
diversifying supply of the southern regions with, as at first step, the development of an 
experimental program of 20 isolated villages of Southern Algeria by photovoltaic 
systems with a total capacity of 0.5 MW. 

Another program with the same size was launched in 2011. It’s consist on a 
complementary program to support growth for the electrification of 16 villages in 
southern Algeria with photovoltaic systems from individual kits with a total capacity of 3 
MW. 
 
Furthermore and in view of the advantages which Algeria has in terms of insulation, an 
ambitious program has been launched, which includes the implementation of 65 
projects.  
 
In this context, it is expected to develop a total capacity of 45 MW until 2020 in isolated 
areas, with photovoltaic systems or diesel/wind or diesel/photovoltaic hybrid plants in 
the existing Diesel power plants. 
 
Other photovoltaic projects have been launched by the High Commission for the 
Development of the Steppe (HCDS) for the use of renewable energy in the High Lands 
regions, for water pumping and other residential uses in these areas. 
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2. Power plants in isolated networks of South of Algeria in   
2012 

 
• The situation of Diesel power plants in isolated networks of South of 

Algeria in   2012  

	  

Figure I: Geographic location of different power plants in  isolated networks 
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• General data 

	  Concession	   	  Power	  plant	  	  
Installed	  capacity	  

(MW)	  

Tamanrasset	  

Tamanrasset	   73,5	  

In	  guezzam	   5,3	  

Tin	  Zaouatine	   2,3	  

Idless	   3,4	  

Illizi	  

Tin	  Alkoum	   0.3	  

Djanet	   14,5	  

Bordj	  El	  Haoues	   2,1	  

Illizi	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  17,8	  

Afra	   0.3	  

Bordj	  Omar	  Driss	   4,1	  

Deb	  Deb	   3,6	  

Ghardaïa	   El	  golea	   60	  

Bechar	  Rural	  

Beni	  Abbés	   49	  

Tabelbala	   4,7	  

Site	  3	   2,6	  

Tindouf	  

Tindouf	   73	  

Oum	  Lassel	   2,1	  

Site	  2	   5,7	  

Site	  1	   4,4	  

Adrar	   Bordj	  Badji	  Mokhtar	   14,1	  
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Talmine	   9,3	  

Ain	  Belbel	   0.9	  

M’Guiden	   1,3	  

	  

	  

Tamanrasset	  :	  

- Area	  :	  557	  906	  km2	  
- Population	  :	  198	  069	  inhabitants	  
- Communes	  :	  10	  
- Distance	  from	  capital:	  1	  570	  Km	  

	  

	  

Illizi	  :	  

- Area:	  284	  618	  km2	  
-‐	  Population:	  54	  490	  inhabitants	  
-‐	  Communes	  :	  06	  
-‐	  Distance	  from	  capital:	  1250	  Km	  

Ghardaïa	  :	  

- Area	  :	  86	  560	  	  km2	  
- Population	  :	  363	  598	  inhabitants	  
- Communes	  	  :	  13	  
- Distance	  from	  capital:	  660	  Km	  

	  

Tindouf	  :	  

- Area	  :	  159	  000	  km2	  
- Population	  :	  49	  149	  inhabitants	  
- Communes:	  2	  
- Distance	  from	  capital:	  2	  000	  Km	  

	  

Bechar	  :	  

- Area	  :	  162	  200	  km2	  
- Population	  :	  270	  061	  inhabitants	  
- Communes	  	  :	  21	  
- Distance	  from	  capital:	  980	  Km	  

	  

Adrar	  :	  	  

- Area	  :	  439	  700	  km2	  
- Population	  :	  432	  193	  inhabitants	  
- Communes	  	  :	  28	  
- Distance	  from	  capital:	  1	  500	  Km 

	  

	  

	  

3. Regulation framework for isolated networks :  

Electricity generation in isolated networks is regulated by the Law 02-01 and by its 
implementing regulations, including the Executive Decree No. 08-114 of 9 April 2008 
fixing the procedures for granting and withdrawing concessions of electricity and gas 
distribution and specifications related to the rights and obligations of the 
concessionaire. The regulation provides that the power plants located in the area of a 
considered concession, within a global capacity less than 15 MW are an integral part of 
this concession. These power plants must be operated, maintained and upgraded by 
the concessionaire. 

For isolated networks planning, the decree of 21 February 2008 lays down technical 
requirements for connection to the network and provides that the producer is required 
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to install a back up capacity able to assure permanently electricity supply to the 
customer. Taking into account the maintenance program, the rule established for the 
back up capacity of the plant is as follows:  

ß = 2 groups with the higher capacity, if the number of groups is less than 6; 

ß = 3 groups with the higher capacity, if the number of groups is more than 6.  

 

 

4. Management of isolated networks 

To highly master the management of isolated southern networks, a specific company 
has been created, as a new subsidiary of the holding company Sonelgaz since 1st April 
2013, to maintain and develop either renewable energy and conventional power plants 
in the Southern areas, called SKTM (Sharikat Kahraba Wa Taket Moutadjadida), this 
company is located at Ghardaïa. This subsidiary is also responsible for engineering, 
maintenance and management of plants and commercialization of energy. The 
activities of SKTM cover six department of the country. 

 

 

5. Program 2011-2030 for the development of energy for 
isolated sites: 

• From fossil energies 

The electricity generation planned for the isolated networks for 2016 will be essentially 
from the fossil fuels, with a small share of renewable energy, which  will be more 
significant in 2030.  
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Figure 2: Additional capacity of fossil energy for each region. 
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• From renewable energies  

The use of photovoltaics as a source of electrical energy is the most suitable for 
isolated regions and isolated networks. In this context, the National Development 
Program for 2011-2020 includes several projects using photovoltaic systems or 
hybridization with the existing diesel, as presented below:  

158,00Mw
49,22Mw

14,62Mw

9,00Mw
20,14Mw

Bechar

Adrar

Illizi

Tindouf

Tamanrasset

	  

  - In 2015:  

• 25 MW photovoltaic plants for the following localities: Djanet (3MW), Tindouf    
(9 MW) and Tamanrasset (13MW). 
• 20 MW wind power plant in Khenchla  
• 5 MW geothermics in Guelma 
• 150 MW ( CSP, Solar Tower) 
• 10 MW wind power plant in Adrar 
• 1 MW photovoltaic plants in Ghardaia 
 
 

6. Development of renewable energies for rural electrification 

• Developed RES programs by   the Ministry of Energy and  Mines 

-Program of 1998-2000 
 

A first electrification program was conducted during the period 1995-2002 and led to 
the supplying of 20 villages in southern Algeria with the electricity energy, in other 
words this led to the electrification of 900 households. To allow these categories having 
minimum level of well being, a capacity of 500 Watt is allowed per household, 
corresponding to the components consumption of 05 lighting bulbs (LBC), fridge, TV 
with receiver digital, a radio station and a ventilator. Villages served by this program 
are shown in Figure 3. 

This program has concerned four provinces: Tindouf, Illizi, Adrar and Tamanrasset. 
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 Village numb
er of 
house 

number of 
system 

capacity 
installed 

kwc 

starting consumptio
n of house / 

Day 

 

 

 

 

 

 

Tamanrasset 

Moulay 
lahcen 

18 2 9 juillet 1998 1,08 

In delagh 30 3 15 sept 1999 0,78 

Tahifet 123 14 62 sept 1999 0,76 

Arak 123 14 62 Dec 1999 1,04 

Amguid 102 9 51 oct 2000 1,31 

Tahernanet 60 7 30 nov 2000 0,83 

Tin tarabin 69 8 35 sept 2000 1,17 

ain blel 1er 30 3 15 sept 2000 1,49 

 

Tindouf 

 

Gara 66 10 33 Aout 1999 1,27 

Daya 48 4 24 Oct 1999 1,30 

Hassi 42 6 21 Mars 2000 1,43 

Adrar Hamou 12 2 6 Mars 2000 1,32 

Tala 33 6 17 Mars 2000 1,48 

 

 

Imehrou 33 5 17 Mai 2000 0,61 

Ifni 15 2 8 Mai 2000 0,55 

 

Wilaya Tindouf 
3 Villages Wilaya Illizi : 

 6 Villages 

Wilaya Adrar  
2 Villages Wilaya Tam 

9 Villages 
Electrification  rurale solaire photovoltaique 
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illizi 

 

Oued Samen 30 3 15 Juin 2000 0,56 

Tihahiout 24 2 12 juin 2000 0,47 

Tamadjart 48 8 24 Oct 1999 0,69 

 Total 906 108 453   

 

Number of PV systems:     109 
Total installed capacity :    453 kWc 
Household number which are electrified:    906 
Total area  (4 wilayas) :  > 1 million km2 
 
- Program 2011-2012  

Another program with the same size has been undertaken, it’s concerned the 
electrification of 16 villages by photovoltaics in southern Algeria. It is intended to be 
provided with individual kits of 1 kW to 1.5 kW per household for nearly 2,554 homes in 
villages located in deep South and the Central High Lands regions, including: Illizi, 
Tamanrasset, M'sila, El Oued, Ghardaia. (Figure 4). 

The global investment is about 900.000.000 DA (9 M €) for an installed capacity of 3 
MW.   

 

 

 

-Programs developed by the the Ministry of Agriculture 

The High Commission for the Development of the Steppe (HCDS) has conducted to 
favour of the Agriculture Sector an important program in the field of water pumping and 
electrification with solar energy for the benefit of the Steppe regions. 

The first program targeted 5,000 nomadic and fixed households located in rural areas, 
as well as the power supply wells with  solar energy for agricultural irrigation. 

 
The second program, allocated to farmers, has permitted electrification of sixty 
communities in High Lands (Figure 5). 
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Another program of 125 solar kits was carried out in the period 2011-2012 in several 
rural communities in the region of Tebessa (Eastern of the country) within the 
framework of the Rural Renewable Program.  

HCDS also acts for the use of solar energy by other agricultural sectors, such as 
poultry, and aims also the development of alternative energies, as well as wind and 
geothermic used in the warming of greenhouses and in water treatment devoted to 
agricultural irrigation. 
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Case Study 2: Isolated Systems in France 

 

1. Power generation from different RES 
France’s Overseas Departments and Territories and Corsica2 (e.g. Saint-Pierre-le 
Miquelon, New Caledonia, Guadeloupe, Guyana, French Polynesia …) are isolated 
systems. Energy consumption in these zones increases annually about 3.8% (average) 
i.e. more rapidly than in the Metropolitan (continental) territory (average increase of 
1%). These energy islands represent a technical fragility as due to the large distance 
from the continent they cannot be connected to the main transmission grid and all 
electricity consumed needs to be produced in these zones (except Corsica). Electricity 
production from renewable energy resources (RES) counts for about 25% of the total 
production, mainly hydroelectricity. 

The year 2011 showed that the biomass sector is beginning to take shape and develop 
in Guyana, a department that is particularly rich in forest resources. In the other 
overseas departments, electricity producers benefit from the presence of sugar or rum 
waste in developing hybrid units operating with coal and bagasse. These facilities are 
key to the local economy because they promote the endogenous development of the 
territories. 

Non-interconnected zones in France 

	  

Source : http://www.smartgrids-cre.fr/index.php?p=zonesinsulaires 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 Despite its limited interconnection with Sardinia and Italy Corsica is considered as a non-
interconnected zone.	  
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2. Regulatory framework – purchase obligation and cost 
recovery 

 

The isolated systems are granted derogations from several requirements defined by 
the EU law, notably from unbundling and third party access provisions. EDF SEI, a 
subsidiary of Electricité de France, is the system operator in non-interconnected zones 
(islands such as Corsica and the overseas departments) responsible for generation, 
transmission and distribution. Thus EDF SEI is in a monopoly position. All generators 
can apply to conclude purchase contracts with EDF-SEI. Any proposed contract 
between a producer and EDF SEI is “reported to the CRE, with all the necessary 
elements for evaluation of compensation. The regulator estimates the normal full cost 
of generation for the type of power plant considered in this area by applying the rate of 
return on fixed capital set by decree [...] and notifies the parties of the result [...] of its 
evaluation.” The CRE issues an opinion on draft contracts or amendments relating to 
electrical power generation facilities in the Overseas Departments and Territories. EDF 
SEI is only compensated for the costs validated by the CRE when the project is 
analysed. 

As part of its annual assessment of public electricity service costs for the whole French 
territories (metropolitan + overseas), the CRE assessed the renewable energy costs 
recorded for 2010 and projected for 2012. The projected 2012 costs are estimated at 
2,220 million euros, three times those recorded for 2010 (755 million euros). 

On the retail market, there is no competition due to regulated prices in non-
interconnected zones. Although generation is more costly in these zones, the regulated 
end-user tariffs are the same for isolated zones and for the mainland. The additional 
costs of generation and investments are supported by all customers whether they live 
in energy islands or on the continent and are part of the payment of public electricity 
service charges. The compensation for EDF SEI regarding the additional charges 
supported in non-interconnected zones is calculated as the difference between 
“generation costs” or “purchase costs” and “the share of retail prices related to power 
generation”. 

The table below shows the amount of the public service charge for the different origins 
of electricity production in non-interconnected zones. For 2013, the forecast of these 
charges amounts nearly up to 1.7 billion €, i.e. 32 % of the global public service 
charges (estimated at 5.1 billion €). 
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Costs of equalization of tariffs 2007 -2011 and estimated costs for 2012-2013 

in	  million	  EUR	   2007	   2008	   2009	   2010	   2011	   2012	   2013	  

Additional	  
generation	  costs	  

565.1	   616	   806.8	   675.9	   846	   823.3	   915	  

Interconnection	  
(Corsica)	  

9.8	   15.8	   10.4	   10.5	   12.7	   15.6	   24.9	  

Bagasse/coal	   106.7	   155.2	   115.7	   168.2	   199.1	   209.3	   232.8	  

Thermal	  and	  back	  
up	  plant	  

47.6	   50.2	   38.3	   66.6	   75.8	   84.3	   258.6	  

Photovoltaic	   2.5	   5.6	   12	   39	   100.7	   147	   208	  

Other	  RES	   12	   12.8	   9.9	   7.6	   11.4	   17.8	   17	  

TOTAL	   743.7	   855.6	   993.1	   967.8	   1245.
7	  

1297.3	   1656.3	  

source: CRE 

During the first half of 2011, the CRE built a computer forecasting tool to calculate the 
costs of renewable energy sources to 2020. It is based on a renewable energy fleet 
development scenario in line with the targets set under the national multiannual 
investment programme for 2020 for all sectors, except for photovoltaic, where the 
targets should be exceeded. In a context of highly uncertain oil and gas prices, which 
affect the wholesale electricity market price, a 3% annual change in market prices was 
considered. The average market price for 2020 was 66.4 €/MWh, or 55.6 €/MWh in 
2011. Based on the assumptions made, total costs for 2020 are estimated at 7,518 
million euros. 

Investments in renewables are remunerated for at a fixed price in the purchase 
obligation scheme. Capital investments are compensated at 11% rate. 
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3. Integration of RES into the grid – a challenging task 

In contrast, in non-interconnected areas, the absence of the profusion effect makes 
production from renewable energy subject to rapid fluctuations which are very difficult 
to predict. The existence of such fluctuations, coupled with the inability of these 
facilities to adjust their production to match consumption, has led to a 30% limit on 
penetration of renewable energy generators that are not equipped with storage. 
Beyond this threshold, it becomes difficult to balance the grid and power cuts can be 
expected. This 30% threshold, already reached in Reunion and Guadeloupe, is related 
to the characteristics of island electrical systems. It is not necessarily justified in the 
European interconnected systems. By 2020, the target fixed in the national multiannual 
investment programme is to increase the part of non-intermittent and intermittent 
renewable energy in the final energy consumption to 30% in Mayotte and up to 50% in 
the other overseas departments. 

There is a range of solutions, both technical and economic, which can mitigate the 
negative impacts of the integration of renewable energies in the power grid. The CRE 
plays a key role in the development of an appropriate framework for such solutions. 
However, many uncertainties remain in relation to the adaptability of the electrical 
system, which does not enable reliable assessment of the long-term costs of massive 
development of renewable energy sources. 

 

Intermitted power generation in non-interconnected zones 

	  

Source: CRE Activity report 2011 
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4. A different energy mix in each non-interconnected zone 

The energy mix varies in the non-interconnected zones. While in most regions 
(Corsica, Guadeloupe, Martinique) thermal energy is the main source for energy 
production, elsewhere hydroelectricity (Guyana) or even coal (Ile de la Réunion) are 
predominant. 

The installed capacity of intermittent RES (PV and wind) ranges from 34 MW (Guyana) 
over 85 MW (Corsica, Guadeloupe) up to 140 MW (Ile de la Réunion). On very small 
islands this figure is even smaller like in Saint Barthelemy (5kVA of PV), in Saint Martin 
(41kVA of PV) and in Miquelon (0,6MW for one wind farm). 

 

Comparison	  of	  energy	  mix	  in	  4	  non-‐interconnected	  zones	  

	  

Source:	  2011	  data	  based	  on	  EDF	  SEI	  documents.	  

	  

5. Storage – remuneration scheme under development 

Storage is not a regulated activity in France. The amended budget law (“loi de finances 
rectificative”) for 2012 provides for the remuneration of investments in storage in 
overseas departments, but the decrees have not been published yet. The last call for 
tenders for PV and wind in these zones requested the projects to be linked with a 
storage facility. 

Pilot projects to develop storage were also launched in non-interconnected zones, 
namely in Corsica and in la Reunion. To bridge the gap between real and nominal RES 
generation capacity, the production units are connected to storage facilities (e.g. 
batteries, pumped storage units, hydrogen). 
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6. Energy islands – fertile ground for smart grids 
experimentation 

In the islands, which are favourable to the development of photovoltaic and wind power 
generation, smart grid technologies can be implemented very quickly. Because they 
are small in size and are not interconnected to mainland systems, island electrical 
systems are more fragile and more “unstable” than mainland systems. The deployment 
of smart grids in the islands can “smooth out” the intermittent nature of power 
generation from renewable energy sources, which facilitates their integration into grids. 
Also other pilot projects are underway for electric vehicles (Corsica) and demand side 
management (Ile de la Réunion, Corsica, Guadeloupe). The island areas are the 
testing grounds par excellence for smart grids. 

7. Outlook for RES development beyond 2015 

Research is also focusing on intermittent RES like geothermal, biomass, ocean thermal 
energy in order to meet variations in electricity consumption and replace fossil energy 
resources in the medium run. Energy storage for large capacities needs to be 
developed to enable the integration of RES beyond the 30% threshold without putting 
system security at risk. 
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Case Study 3: Isolated Systems in Greece 

1. Isolated systems in Greece. General data 

In Greece there are more than 30 isolated systems, mainly islands in the Aegean Sea, 
that can be categorized according to their size in “small-size”, with less than 10 MW 
peak power demand, “medium-size” with peak power demand between 10 MW and 
100 MW and finally “large-size” of more than 100 MW peak power demand.   

  
Table 1: Annual energy and peak power demand in Greek autonomous power systems  
(year 2012) 
 

Although RES energy penetration has reached 20% of total energy consumption in 
some autonomous power systems, the significant amount of conventional energy 
production, in combination with the increase of oil prices, lead to the continuous 
increase the additional production cost in islands, compared to the corresponding 
‘production cost’ of the interconnected power system (mainland) in terms of suppliers 
charges related to buying electricity, totaling to an enormous amount for all non 
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interconnected islands (>10% of annual turnover in Greek electricity market), that 
account approximately 700 million € in 2011. This amount burden the electricity prices 
for the final consumers as Public Service Obligation  (PSO).      

 

 
Graph 1:  Wind power allocation in Greek Non Interconnected islands.  
87 Wind farms of 287,32 MW installed capacity  
 

 
Graph 2:  PV power allocation in Greek Non Interconnected islands. 
 1460 PV plants of 112,41 MW installed capacity  
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 Graph 3:  Charges of Public Services Obligation per autonomous system (2011) 

This case study will examine in details the autonomous power systems of Crete, Paros-
Naxos  cluster of islands and Ikaria island. 

 

 

 

 

 

 

 

 

 

 

Graph 4: The autonomous systems of Crete (1), Paros-Naxos cluster (2) and Ikaria island (3)  

 

2. Crete 
Crete is the largest island in Greece, with almost 622.000 inhabitants, and the second 
largest in the eastern	  Mediterranean	  Sea	  (after	  Cyprus). It is located in the southern part 
of the	  Aegean	  Sea	  separating the Aegean from the Libyan	  Sea. It spans 260 km from east 
to west, is 60 km at its widest point, and narrows to as little as 12 km. Crete covers an 
area of 8.336 km2, with a coastline of 1.046 km and lies approximately 110 km south of 
the Greek mainland (Peloponnese).   
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Moreover Crete is the largest autonomous power system of Greece with almost 700 
MW of peak power demand and about 3.000 GWh annual consumption. 

A percentage of 80% of electric generation comes from fossil fuels with three 
conventional power stations, of 720 MW in total, in the eastern, central and western 
side of the island respectively. The rest consumption (~20%) is covered by RES power 
stations already in operation in the island, consisting of 182 MW of wind farms and 72 
MW of PV plants installed capacity (as of 12/2012).  

Moreover, it has to be noted, that 13 production licenses have been issued for the 
installation of hybrid power systems (combination of wind turbines and pumped 
storage) and 5 production licenses for the installation of solar thermal power stations, 
accounting for more than 480 MW. In case that a significant percentage of them (e.g. 
70%) will be installed in the next few years, the RES share in the autonomous system 
of Crete could approach 50%. 

 

 

 
Graph 5: Operation of the autonomous system of Crete in case of 250 MW of wind turbines, 120 MW of PVs, 160 MW of 
CSP and 200 MW of hybrid power plants for a week (simulation of the system operation included in a study conducted 
by RAE-NTUA). 

The high operational cost of Crete’s conventional stations led to a study (conducted by 
RAE, the Greek TSO and PPC) examining the interconnection of the island with the 
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Mainland. Besides resolving the energy problem of Crete (safety of supply etc.), the 
interconnection can help decisively the Greek government to fulfill the goals for 
decarbonisation. Specifically the islands’ high wind potential has led to the submission 
of numerous applications for the installation of more than 3000 MW of wind farms on 
the island. Each of these projects includes an interconnection proposal for the transfer 
of RES energy to the Mainland and moreover towards the countries at northern and 
western borders of Greece.          

According to RAE’s study three scenarios of interconnection have been studied. 
Specifically, the 1st scenario examined the interconnection of the island to 
Peloponnese via a bipolar DC connection of 2x350 MW transfer capacity of 250 km of 
submarine and 120 km of overhead cables. In this case it is estimated that around 
1000 MW of wind farms can be installed in Crete and the conventional stations be set 
in cold reserve for the 90% of peak power demand. The investment cost for the 1st 
scenario of Crete’s interconnection is estimated around 530 million €. 

 

 

 

 

 

 

 

 

 

Graph 6: 1st Scenario for the Interconnection of Crete 

 

The 2nd scenario for the interconnection of Crete is distinguished in two cases. In the 
first one the island will be interconnected to Attica via 380 km subsea cables of 1000 
MW total transfer capacity. In this case 1535 MW of wind farms can be installed in 
Crete, while the investment cost is estimated around 787 million €. As in the 1st 
scenario, the conventional station will stay in cold reserve for the 90% of peak power 
demand. In the second case the interconnection is realized through a connection to 
Peloponnese (250 km subsea cable and 120 km overhead line, 500 MW) and a 
connection to Attica via 380 km of submarine cables of 500 MW transfer capacity 
respectively. In this second case the investment cost is estimated around 870 million € 
while the conventional stations will have to stay in cold reserve for the 50% of peak 
power demand.  
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Graph 7: Scenarios 2a and 2b for the Interconnection of Crete 

Finally according to the 3rd scenario, Crete will be interconnected to Attica and 
Peloponnese via 2 connections of 1000 MW respectively. This third scenario will allow 
the integration of 2135 MW of wind farms in Crete and the decommissioning of 
conventional power stations. In this scenario the investment cost is estimated around 
1400 million €. 

 

 
Graph 8: 3rd Scenario for the Interconnection of Crete 

 

 

3. Paros-Naxos cluster of islands 
 

Paros-Naxos-etc cluster of islands consists of 9 islands (Paros, Naxos, Antiparos, 
Koufonisi, Sxoinousa, Irakleia, Sikinos, Ios, Folegandros) that are connected via ac 
submarine cables. The total area of the islands is around 896 km2 with almost 46.023 
inhabitants, while the distance from the Mainland is around 120 km. 
 
The yearly energy demand of the islands cluster is around 204 GWh with a peak power 
demand of 63.3 MW. 
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Graph 9: Paros-Naxos Cluster 

 
The energy is covered mainly from fossil fuels, with a conventional power station of 74 
MW conventional capacity installed in Paros island. Moreover, there are already in 
operation approximately 10 MW of wind farms and 2 MW of PV plants.  
 
It must be noted that according to the Ten-Year Development Plan of the Greek TSO, 
the Cyclades islands, and among them Paros-Naxos cluster, will be connected to 
Mainland via AC submarine cables of 140MVA and 200 MVA transfer capacity. The 
investment cost of the interconnection is estimated around 400 million€ while the PSO 
account will be alleviated around 56 million €. 
 

 
Graph 10: Interconnection project of Cyclades Islands’ 

 

4. Ikaria island 
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Ikaria is an 255 km2 area’s island in the Aegean Sea, 19 km southwest of Samos and 
180 km far from Attika (easterly). Moreover more than 8400 inhabitants live in the 
island. The autonomous power system has a peak power demand of 7.4 2 GW and 29 
GWh of total energy demand. The power is delivered from a 16 MW thermal power 
station and around 2 MW of RES plants such as wind farms and photovoltaics. 
 
Last year a new production license has been issued to PPC Renewables for the 
installation of a hybrid power station that will be made up of water turbines of 3.1 MW in 
total, pumps of 3 MW, a wind farm of 2.70 MW and three reservoirs of 900.000 m3, 
80.000 m3 and 80.000 m3 water capacity respectively.   
 

 
Graph 11: Hybrid power station in Ikaria Island 

 
According to the application, the hybrid power station will absorb the wind energy 
produced from the plant’s wind turbines and will store it in dynamic form by elevating 
water from the lower reservoirs to the upper one. The operation of the hybrid station 
will lead to a reduction of conventional production of almost 10.000 MWh and the 
increase of RES share from 17% to 47% of annual energy production. 

 

5. Regulatory framework and Code of Non Interconnected 
Islands 
 

During the last decade, the Greek government has taken important initiatives to 
promote the installation of RES plants. Law 3468/2006 determined for the first time the 
operation and the pricing scheme of hybrid and solar thermal power plants, while the 
forthcoming Code of Non Interconnected Islands aims to establish the basic rules for 
the optimum operation and management of autonomous power systems, like those of 
Non Interconnected Islands. The provisions of the Code aims specifically at the 
liberalization of the energy market, and to the activation and equal treatment of the 
participants (producers, suppliers) to achieve the maximum benefit for the consumers. 
Moreover the Code aims to ensure the uninterrupted electricity supply and reduction of 
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the PSO charges, via the increase of RES penetration and the optimum determination 
of dispatchable power plants’ operation. 

According to the Greek regulatory framework, hybrid power systems are considered 
those power plants that consist of a storage system (pumped storage, batteries etc.) 
and at least one type of RES power generators (wind turbines, PVs etc.). The energy 
absorbed annually from the grid, and specifically from fossil fuels for the fulfillment of 
the storage system, should not overcome 30% of the energy that is absorbed in total 
from the storage system. Also the RES system (Wind turbine, PVs) of the hybrid station 
should not overcome the 120% of the installed power of the storage system.  

According to the forthcoming Code of Non Interconnected Islands the hybrid stations’ 
operator will have to submit to the System Operator (dispatching center) the estimated 
daily energy production in order to allocate the energy offer to the daily power 
distribution, giving a priority against the conventional production. Respectively, solar 
thermal power plants will have to submit to the system operator a production schedule 
according to the estimated DNI, while they have the right to burn fossil fuels for power 
generation up to 15% (20% in case of biofuel) of the energy production that comes 
from the solar field. 

 

 

	  

	   	  



 

	  
43 

	  

Case Study 4: Isolated Systems in Portugal 

1.Isolated systems in Portugal – overview 

In Portuguese territories there are 11 isolate systems which belong to Açores 
Archipelago, 9 of them, and Madeira Archipelago, the other 2 islands. 
 
The support scheme for electricity generated by renewable energy sources (E-RES) is 
a feed-in scheme as in the Mainland. Conventional generation owned by the integrated 
utilities (EDA – Electricidade dos Açores and EEM – Empresa de Electricidade da 
Madeira) is regulated by ERSE. There is an independent generator in Madeira Island 
with a power purchase agreement with EDA.  
 
• Geographic and demographic data 

 

 
 
Açores Archipelago: 

- Islands (9): Santa Maria, São Miguel, Pico, Faial, S. Jorge, Terceira, Graciosa, 
Flores e Corvo 

- Total area: 2 322 km2 
- Population: 246 102 inhabitants in 2011 (growth of 2% over 2001) 
- Distance to mainland: 1450 km (Ponta Delgada – Lisboa) 

 
 
 
Madeira Archipelago: 

Açores

Madeira
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- Islands (4): Madeira, Porto Santo, Selvagens and Desertas (last are 2 small 
islands)  

- Area: 801 km2 
- Population: 279 499 inhabitants in 2011 (growth of 11% over 2001) 
- Distance to mainland: 970 km (Funchal – Lisboa) 

 
• Generation and distribution characterisation  
 
Açores Archipelago  

Açores are nine isolated systems without any interconnection between islands neither 
between islands and mainland. The generation structure depends on the island, but 
usually it is a mix of diesel groups (burning gasoil or fuel oil) and renewable sources 
(small hydro, wind and geothermal).  
 
Information about the archipelago is not representative of the islands, so four islands 
were chosen due to the different generation mix (S. Miguel, Terceira, Graciosa and 
Flores). 
 
In S. Miguel, diesel groups (burning fuel oil) represent close to an half of the generation 
mix. Geothermal power plants represent approximately 40% of the generation. The 
remaining generation is hydro and wind capacity. Geothermal generation is relatively 
stable during the year. 
 
In Terceira, diesel generation (burning gasoil) contributes 83% of the annual 
generation. Remain generation in from wind and hydro generation, in particular during 
the winter.  
 
In Flores, diesel generation (burning gasoil) is complemented with wind and hydro 
generation. The hydro power plant has been inactive since December 2012 for 
improvements.  
 
In Graciosa, diesel generation (burning gasoil) is also complemented with wind power. 
However, wind farm Serra Branca was decommissioned in December 2012. This 
operation is included in the Younicos project which is detailed latter in this document.  
 
The total consumption in 2011 was 769,2 GWh, a decrease of 1% compared to the 
previous year. 
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-1 – S. Miguel – mix generation 
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-2 – Terceira – mix generation 
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-3 – Flores – mix generation 
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-4 – Graciosa – mix generation 

 

 

 
Madeira Archipelago 

Madeira archipelago has two isolated systems (Madeira Island and Porto Santo Island) 
without any interconnection between the two islands neither between the islands and 
the mainland. The generation structure depends on the island, but usually it is a mix of 
diesel groups (burning gasoil or fuel oil) and renewable sources (small hydro, wind and 
photovoltaic).  
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In Madeira Island, diesel groups (burning fuel oil) represent an half of the generation 
mix. Hydro power contributes to 22% of the annual generation, with a significant 
variation from winter to summer. Remain generation is from wind power (17%), 
photovoltaic (6%) and urban waste incineration (6%).  
 
In Porto Santo, diesel groups (burning gasoil) represent close to 87% of the generation. 
The remaining is mainly photovoltaic (11%) and wind generation (2%). Photovoltaic 
generation is in a range from 7% to 14% during the year.  
 

-5 – Madeira – mix generation 
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-6 – Porto Santo – mix generation 
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• Graciosa project (Younicos) 

 
Graciosa is a small island in Açores Archipelago (about 4400 inhabitants) with a peak 
power of 2,3 MW and annual generation of 13,6 GWh.  
 

 
 
The Younicos project aims to demonstrate the technical and economic feasibility of 
having a 70% share of renewable generation in a small isolated system. Nowadays the 
renewable (wind) generation represents 5,5% of the annual production. 
 
The system will be constituted by: 

-Wind generation (5,4 MW – 6x900 kW) 
-Photovoltaic generation (1 MW) 
-Batteries (2,7 MW – 1,2MW/8,5 MWh NaS and 1,5MW/1,5 MWh Li) 
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Diesel groups (3x2430 kW and 3x1800 kW) will complement and back-up the 
renewable generation. 
 
The system will be remunerated according to a power purchase agreement between 
Younicos (the promoter) and EDA (integrated utility). Generation price (paid to the 
promoter)  is calculated with an avoided costs methodology (diesel generation costs – 
fuel and O&M). 
 
A simulation model has been built in Berlin (1/3 of the real dimension) to monitor quality 
of energy and stability of the system.  
 
• Integration of photovoltaic generation in Porto Santo 
 
Porto Santo is an island in Madeira Archipelago (about 5400 inhabitants) with a peak 
power of 7,4 MW and annual generation of 29,5 GWh.  
 

 
 
In Porto Santo there is 1,1 MW of wind generation, 2,9 MW of photovoltaic and  17,3 
MW of diesel (thermal). 
 
The thermal power plant has high costs due to: 

Porto	  Santo
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• High cost of gasoil. 
• Low efficiency of the groups because they are working in a non optimal regime 

(high penetration of RES) 
• High maintenance costs because motors have to accelerate and decelerate to 

adjust to the volatility of wind and photovoltaic generation.  
 

EEM (integrated utility) is studying a system with the following objectives: 
• Fulfil the quality of service obligations (frequency and voltage)  
• Increase the efficiency of the diesel power plant 
• Allow a high penetration of renewable energy sources. 

 
EEM is analysing a system with batteries (1 to 4 MW) which will reduce the fuel 
consumption and costs of O&M. It was also studied a system with a flywheel (from 0,5 
to 1,5 MW). 
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Case Study 5: Isolated Systems in Spain 

1.-. Isolated systems in Spain. General data 

• Geography and demography data 
 
 

 

 

 

 

 

 

 

1.-Balearic Islands 

2.-Canary Islands  

Isolated systems in Spain are Balearic Islands, Canary Islands, Ceuta and Melilla (both 
small cities in North Africa). We will focus the case study in the islands, as the isolated 
systems with more economic significance. 

-Balearic Islands:  

-Islands (4): Mallorca, Menorca, Ibiza, Formentera. 
-Area: 4.992 Km2. 
-Population: 1,1 Million hab. 
-Distance to Mainland: 200 km from Mallorca. 

-Canary Island: 

-Islands (7): Tenerife, Gran Canaria, Fuerteventura, Lanzarote, La Palma, La Gomera, 
El Hierro. 
-Area: 7.446 Km2. 
-Population: 2,2 Million hab. 
-Distance to Mainland: 1.300 km from Tenerife 
 

1	  

2	  
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• Generation Technology: capacity installed and energy. 

The electric generation structure is mainly based on fossil fuel plants, but also 
renewable technologies included in the so called “Special system” have been installed. 
In Spain, Special system includes CHP (Combined Heat and Power), wind, hydro, 
biomass, waste, waste treatment, CSP (Concentrated Solar Power) and Solar PV. 

Capacity Installed (MW) 2012 
Balearic 
Island 

Canary 
Island 

Hydro 0 1 

Coal 510 0 

Fuel/gas (*) 827 1.899 

CCTG 934 920 

Total Conventional techn 2.271 2.820 

CHP and Waste tech. in 
Special System 86 33 

RES in Special System 78 303 

Total (MW) 2.435 3.157 

Source: CNE-REE 

Electric energy balance (GWh) 
2012 

Balearic 
Island 

Canary 
Island 

Hydro 0 0 

Coal 2.943 0 

Fuel/gas 1.325 5.789 

CCGT 946 3.016 

Generation compsumptions -348 -476 

Net conventional generation 4.866 8.279 

CHP and Waste tech. in Special 
System 272 0 

RES in Special System 117 619 

Interconnection mainland-
Balearics 569   

TOTAL GWh 5.824 8.898 

Source: CNE-REE 
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Renewable technologies in the islands are mainly Solar PV and wind. Generation in 
2012 was as follows: 

 

 

 

 

 

 

 

 
Source: CNE-REE 

• Capacity factor. 

According Ministerial Order ITC/914/2006, generation plants will receive remuneration 
up to a maximum capacity factor defined for each system. Due to specific features of 
isolated systems, capacity factor must be more demanding than in mainland area: 

 

 

Max. Capacity factor 
to be included in 
remuneration 

(AvCap / h Capmax) 

 

Mainland Spain 1,1 

Balearic 
Isl. 

Mallorca 1,4 

Menorca 1,8 

Ibiza - 
Formentera 1,5 

Canary 
Isl. 

Gran Canaria 1,5 

Tenerife 1,5 

Lanzarote 1,6 

Fuerteventura 1,7 

La Palma 1,8 

La Gomera 1,8 

El Hierro 1,8 

Source: M.O. ITC/914/2006 

110,7

6,7

Balearic	  Island	  
2012	  Energy	  (GWh)

SOLAR	  PV WIND

248

361

2
8

Canary	  Island	  
2012	  Energy	  (GWh)

SOLAR	  PV WIND HYDRO BIOMASS
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2.-. System security and stability.  

In isolated systems, lower grid inertia can lead to grid unstability. In some cases,  
seasonal load variation is very high, due to summer tourism. On the other hand, lack of 
predictability of some of the renewable technologies is a challenge that small systems 
must face. So, regulation and technology must provide some tools for these systems:  

• Interconnection between islands: 

In Balearic Islands an interconnection between Mallorca and Ibiza is in progress. 
Currently, existing interconnections are: 

• Mallorca – Menorca: 132 kV 

• Ibiza – Formentera: 2 x 30 kV  

 

 

Source:REE  

 
 

  

Projected	  

Operative	  

Operative	  
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In Canary Islands only two islands are interconnected: 

• Lanzarote – Fuerteventura: 132 kV+66 kV 

 

 

• Interconnection mainland- Balearic islands (in operation) 

The interconnection between isolated systems and mainland has important benefits in 
terms of security of supply, environmental benefits, generation costs, etc. This link 
allows the partial integration of the Balearic Islands electricity system into the Iberian 
electricity market (MIBEL), therefore enhancing competition in the generation dispatch 
on the Islands. 

The interconnection is a high-voltage submarine electrical cable at +/- 250kV, using a 
400 MW bipolar connection with High Voltage Direct Current(HVDC) technology, given 
the distances and capacities required. 

It was necesary also to built two converter stations, one on either end, to ensure the 
two power grids are fully joined and operational and to transform alternating current 
running through transmission grid into direct current. 

The project started in May 2007, when TSO awarded the contracts for construction of 
the undersea electrical interconnection. In December of 2011, Balearic Islands electric 
system received for the first time ever, electric energy from Spainsh Mainland (official 
operation started on the 14/08/2012). 

 

Operative	  
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• Technical data: 

-Length: 237 km. 

-Deep (max): 1,485 m 

-Technology:  2 x 250 kV, HVDC. 

-Capacity: 2 x 200 MW 

 

 
Source: REE 

 

 
Source: REE 

• Technical requirements for RES generation: 

• Voltage control: 

All facilities under the special regime (RES and CHP) by application of Royal Decree 
661/2007, shall receive a reactive energy supplement for maintaining certain power 
factor values. 
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This supplement shall be determined according the power factor with which the energy 
is supplied. This supplement will be revised on an annual basis. For 2013 maximum 
bonus is 4% of 8.6998 c€/kWh=0,3480 c€/kWh. 
 
Generation plants with capacity installed equal to or greater than 10 MW may receive 
instructions from TSO to effect a temporary modification to the value maintained.  
TSO may include the proposals received from the managers of the distribution network 
in such instructions, and may delegate to them the notification of instructions to the 
generators connected to their grids. 
 

• Voltage drops  

Wind and Solar PV plants shall be required to comply with the provisions of the 
Operational Procedure O.P. 12.3 «Requirements for low voltage ride-through response 
of Wind Farms», approved by Resolution of the Ministry. According to this procedure, 
plants must withstand voltage gaps or drops in order to improve dynamic stability. 

This requirement is mandatory for all plants greater than 2 MW or for groups of plants 
greater than this capacity. 

• Dispatching center_ 

In isolated systems, generation plants with capacity greater than 1 MW, shall be 
attached to a generating control centre, which act as contact with the TSO, forwarding 
them the information about the facilities in real time and ensuring that their instructions 
are executed for the purpose of guaranteeing the reliability of the electrical system at 
all times. This limit is 10 MW for the generators in mainland area. 
 
The duty to be attached to a generating control centre shall be a necessary condition to 
qualify for the incentive system. 
 
Communications between such generating control centres and the TSO shall be in 
accordance with the protocols and standards notified by the TSO and approved by the 
Ministry. 
 
The terms and conditions of operation of the control centres, as well as the duties of 
the generators under the special regime in that regard, is provided in the corresponding 
operating procedures. 

• Forecast and deviations 

All special regime generators must sell the energy in the electricity market. They have 
to presented its offers and programs with the forecast for the next day in hourly basis. 
Deviations over the forecast involves a cost for generators  
 

• Real Time metering  
All RES and CHP installations or groups with an installed capacity in excess of 1 MW 
must send telemetric readings to the TSO in real time. 
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• Storage systems.  

Storage systems play a very important role on the system security and stability.The 
following example is a project that combines storage system with the use of renewable 
energy for a very small island (El Hierro), in Canary Islands.  

 

• Gorona del viento. Wind farm-Pumping-Hydro plant. 

The aim of the project is to cover a significant part of the island’s consumption needs 
with energy from renewable sources. To do so, a wind farm hydraulic plant, 
interconnected via the current electrical system of “El Hierro” will be installed. The 
hydro-wind project integrates a wind farm, a pumping set and a hydro-electrical plant.  

The wind farm is able to supply electrical energy directly to the network, while 
simultaneously feeding a pumping set which dams water in an elevated deposit as an 
energy storage system. The hydroelectric plant uses this stored potential energy, 
guaranteeing both electrical supply and network stability. The wind farm carries out the 
capture and transformation of wind power into electricity. When the hydraulic system 
operates as a pump, it accumulates excess energy; when it operates as a generator, it 
produces electricity, regulating the island’s electrical system. 

The system will be made up of two water reservoirs, a wind farm, a hydroelectrical 
plant, a pumping plant, and a diesel engine plant (existing as back up). The operation’s 
philosophy is based on supplying the electrical demand of the island mainly with 
renewable sources, yet guaranteeing the stability of the electrical network.  

With the hydro-wind plant, an intermittent energy source can be transformed into a 
controlled constant electrical supply, thus optimising the use of wind energy. The 
thermal plant makes up for the remaining part of the demand and operates as a 
backup, especially during periods when there is an absence of wind, thus minimising 
the consumption of fossil fuels. 
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Source: Gorona del Viento El Hierro, S.A 

 

Project Data: 

-Wind Farm: Set of 5 wind generators with 2.3 MW of power each, for a total power of 
11.5 MW. 

-Pumping Plant: installed in a newly-constructed building, it includes 2 units of 1,500 
kW and 6 units of 500 kW, with a total power of 6 MW 

-Turbine Capacity Plant: 4 groups of 2,830 kW of power each, for a total power of 
11.32 MW. 

-Electrical Sub-station with Interconnection between the hydraulic plant, pumping plant 
and wind farm. 

-Public administration subsidy: 35 Million € 

-Total cost of the project: 81 Million €. 

-Direct environmental benefits: 

This project will avoid an annual consumption of 6,000 tonnes of diesel, which is equal 
to 40,000 barrels of oil that would have to be imported by boat to the island, thus 
creating savings over 1.8 Million €/year. 

Likewise, the yearly emission of 18,700 tonnes of CO2 –the main cause of the 
greenhouse effect– will be avoided. Also, the yearly emission of 100 tonnes of sulphur 
dioxide, 400 tonnes of nitrogen oxides, will be avoided. 
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3.-. Regulatory framework. Economic aspects. 

• Consumers: 

Electricity prices and access tariffs are the same throughout Spain (Mainland and 
Isolated Systems).  

• Generation: 

Generation is a free activity. There is no wholesale market in isolated systems. As 
generation in these systems has higher costs, surplus must be covered by the 
regulatory framework: 

-Special system generation: (RES and CHP). The support scheme is FiT (Feed in Tariff 
system), with same retribution than plants located in mainland. Incentives are setting 
for the whole period of the service life. 

-Conventional generation: Costs generation are divided in fix and variable costs. 
Regulation sets standard (recognized) costs for both, according to Royal Decree 
1747/2003 of 19 December: 

Ministerial Order ITC 913/2006 of 30 March sets method for calculating the cost 
of each fuel used and the procedure for energy dispatch and settlement in the 
Isolated Systems 

Ministerial Order ITC 914/2006 of 30 March, established the method for 
calculating remuneration for guarantee of capacity for the ordinary regime 
generation facilities of the IS in addition to operational procedures. 

• Transport and Distribution: 

Transmission and Distribution activities are remunerated in accordance with general 
regulation in overall Spain: Royal Decree 222/2008 for Distribution activities and Royal 
Decree 325/2008 for transmission activities. 

• Economic Dispatching: 

TSO establishes the hourly merit order for conventional generation groups taking into 
account variable costs. Renewable energy has priority in access and priority in 
dispatching, if technical conditions make it feasible. 

• Compensation: 

Compensation is calculated as difference between generation standard cost and 
mainland market price. 

Up to 2009, compensation costs have been covered by the access tariff and paid by all 
electricity consumers in Spain. According to Royal-Decree Law6/2009, this 
compensation is passing gradually to be covered by National Budget by 2013.  

Evolution of the compensation of isolated systems is as following (2011 and 2012 are 
provisional data): 
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Isolated system 
compensation 2006 2007 2008 2009 2010 2011 2012 

Compensation [mill Eur]               

Total (IB+IC+CM)   1.082 1.338 1.625 1.324 1.641 1.646 1.686 

IB - Balearics 284 405 487 424 503 387 352 

IC - Canary Islands 743 874 1.048 824 1.043 1.163 1.234 

CM - Ceuta & Melilla 55 58 91 77 94 96 100 

 
Source:CNE 

Unit costs for conventional generation: 

Next figures show evolution of unit costs (Eur/MWh) for conventional generation in 
isolated systems.  

Isolated system 
generation costs 2006 2007 2008 2009 2010 2011 2012 

Total unit cost  [Eur / MWh]               

Total  (weighted 
average)   140 138 177 138 166 183 188 

IB - Balearics 115 117 153 120 141 139 138 

IC - Canary Islands 154 149 188 146 178 206 212 

CM - Ceuta & Melilla   204 213 274 235 270 297 297 

Source:CNE 
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Next table and graphs show a comparison between the unit costs of conventional 
generation and the prices in electricity market in mainland Spain. 

 

Source:OMIE 

 

  

  
(2011 and 2012 are provisional data) 

Source:CNE 
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As an example of the economic advantages to install renewable generation in isolated 
systems, this is a comparative between unit costs of conventional technology and unit 
costs of wind energy. Figures for wind energy are average for all wind farms in Spain 
and includes all incentives.  

 

 

 

Source:CNE 
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4. Conclusions 
 

We consider “isolated systems” those systems that, due to their geographical location, 
are far from the main transmission grids. 
 
The lack of interconnections and the lower inertia of these systems can lead to grid 
instability that demands the establishment of more demanding security requirements 
than in the mainland. 
 
There are many available technologies to produce electricity. In economic terms, due 
to the higher costs of conventional generation in these areas, RES can be relatively 
more competitive than in the mainland. Moreover, in many isolated systems, the 
availability of abundant natural resources (wind, sunlight) to produce RES makes them 
very suitable places to deploy RES. Nevertheless, the particular features of these 
systems namely the intermittency and the lack of manageability of RES, makes 
recommendable being cautious and carefully plan this deployment considering 
additional requirements (storage, conventional generation to back up, limits in RES 
installation…). 
 
The liberalization process in isolated systems presents some peculiarities. The 
unbundling requirements have been differently applied and even in some territories, 
exemptions have been granted. Most differences with the mainland are found in 
generation activity. In some countries remain regulated in other, although liberalized, 
there not exist wholesale market and its remuneration is regulated. 
In order to improve efficiency and reducing costs in isolated systems, some measures 
can be considered: 

- from the supply side: planning new infrastructures, developing new interconnections, 
improving dispatching procedures and bilateral contracts; 

- from the demand side: improve price signals for consumers, demand response and 
energy savings. 

The costs of the system are recovered very similarly to the mainland with the exception 
of generation activities. Many countries have developed compensation mechanisms to 
pay the extra costs of generation in isolated systems that are funded by access tariffs, 
National Budget or a combination of both. 
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