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Abbreviations
CCGT – Combine Cycle Gas Turbine
EKC – Electricity Coordinating Center
EU – European Union
FCR - Frequency Containment Reserve
FRR - Frequency Restoration Reserve
NTC – Net Transfer Capacity
OCGT – Open Cycle Gas Turbine
O&M – Operating and Maintenance
PEMMDB – Pan-European Market Modelling Database (developed by ENTSO-E)
RES – Renewable Energy Sources that in general include wind, solar and hydro

capacities, but in this Study RES refers only to wind and solar as VRES (Variable
RES) capacities

ROR – Run-of-River
TSO – Transmission System Operator
TYNDP – Ten-year Network Development Plan (Europe's Network Development Plan

prepared bi-annually by ENTSO-E)
Market areas/countries:
Med-TSO - Association of the Mediterranean Transmission System Operators (TSOs) for

electricity
DZ - Algeria
EG - Egypt
IL - Israel
JO - Jordan
LY - Libya
MA - Morocco
PS - Palestine
TN - Tunisia
PS - Palestine
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LB - Lebanon
ES - Spain
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1 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=en

1 Executive Summary
This Report presents the adequacy situation among non-EU Med-TSO members during this winter (2022/2023). With
this assessment, Med-TSO is aligning with the world-wide best practice and the latest development of the EU
regulations1 . These investigations consider the security of electricity supply to consumers through a detailed power
system adequacy assessment, using probabilistic criteria. This approach is inevitable due to the stochastic nature of
renewable energy systems (RES), their intermittency, and the power system operation based on open electricity
market conditions which raise the question of power system adequacy in the short, mid, and long run. Moreover, the
integration of immense amounts of RES must be closely followed by the commissioning of devices that can provide
adequate power system flexibility.
This Winter Outlook 2022/2023 Report provides information about potential adequacy issues during winter period
2022/2023 in 7 MED-TSO members: Morocco, Algeria, Tunisia, Libya, Egypt, Jordan and Lebanon.
Main adequacy indicators that have been assessed are:

 Loss of Load Expectation (LOLE) in a given geographical zone for a given period is the expected number of
hours per year when there is a lack of resources to cover the demand needs, within a sufficient transmission
grid operational security limit.

 Expected Energy Not Served (EENS) in a given geographical zone for a given period, is the expected value of
energy not to be supplied due to lack of resources while complying with transmission grid operational security
limit.

 Relative EENS: is a more suitable indicator to compare adequacy across geographical scope as it represents
the percentage of annual demand which is expected to be not supplied.

Figure 1: Seasonal relative ENS for interconnected mode of operation

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=en
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Figure 2: Seasonal LOLE for interconnected mode of operation

The conclusion is that during this winter the most severe adequacy issues may occur in case of Lebanon and Libya (see
Figure 1 and Figure 2). The situation is more critical in case of Lebanon, where LOLE reaches around 800 hours and
energy not supplied is higher than 5.5% of demand in observed winter period. On the other hand, very low adequacy
risk was registered in Jordan (LOLE lower than 1 hour). The periodwhen there is the highest probability that generation
(+import) will not be sufficient to cover Libya’s electricity demand are expected in November and December, while in
the rest of the analyzed period the risk is lower, mainly due to commissioning of new thermal capacities. The situation
in Lebanon is completely different, with energy not supplied during the whole winter period. However, it should be
noted that the operation of Lebanon's power system is especially difficult, with a continuous lack of supply and
organized regular load shedding.

It should be emphasized that in case of Lebanon and Libya even if all generation capacities are available, taking into
account the maximum potential electricity imports from neighboring systems, electricity demand during peak hours
of the observed period cannot be supplied. This conclusion is a consequence of provided input data (available
generation capacities and forecasted level of demand during the winter period) and can be deduced without
performing any adequacy simulation.

In the next tables annual ENS and LOLD results are given for all analysed countries.
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Table 1: Seasonal ENS for Interconnected and isolated scenario



8 Winter Outlook 2022/2023

2 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=en

2 Approach and methodology
2.1 Adequacy assessment methodology
This Report presents the adequacy situation among non-EuropeanMed-TSOmembers during winter 2022/2023. With
this assessment, Med-TSO is aligning with the worldwide best practice and the latest development of the EU
regulations2.

These investigations consider the security of electricity supply to consumers through a detailed power system
adequacy assessment, using probabilistic criteria. This approach is inevitable due to the stochastic nature of renewable
energy systems (RES), their intermittency, and the power system operation based on open electricity market
conditions which raise the question of power system adequacy in the short, mid, and long run. Moreover, the
integration of immense amounts of RES must be closely followed by the commissioning of devices that can provide
adequate power system flexibility.

With all the changes in the electricity sector in Mediterranean countries. - from the energy markets development,
integration of renewable energy sources and efforts to decarbonise energy systems - adequacy monitoring becomes
even more important.

This Winter Outlook 2022/23 Report provides information about potential adequacy issues during winter 2022/23 in
the 7 MED-TSO members: Morocco, Algeria, Libya, Tunisia, Egypt, Jordan and Lebanon.

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=en


9 Winter Outlook 2022/2023

Med-TSO members that is analysed in this adequacy assessmentMed-TSO members that is not analysed in this adequacy assessmentMed-TSO members taking part to the ENTSO-E adequacy studyFigure 3: Med-TSO members and neighbouring countries (source: Med-TSO)
Data for Israel and Palestine are not available at the moment.

The analysed period includes all hours between the beginning of week 48 in 2022 and the end of week 13 in 2023
which is the period between Saturday, November 26th and Saturday, April 4th.

The analyses have been carried out with the ANTARES simulator, considering the following:

 The ANTARES (ANTARES – A New Tool for Adequacy Reporting of Electric Systems) simulator, developed by
the French TSO RTE, was specifically designed and created to tackle generation adequacy assessments in a
probabilistic manner.

 The ANTARES simulator is well recognized and used in ENTSO-E for TYNDP and Adequacy assessments (ENTSO-
E 2020 edition of the Mid-Term Adequacy Forecast (MAF) was carried out with ANTARES)

 The ANTARES simulator was already used by Med-TSO in the project “Mediterranean Master Plan 2020”;
 ANTARES Simulator is an Open Source software, hence it is accessible to all Med-TSO members.
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Within this seasonal assessment, short-term risks that might occur in the following six months that are likely to result
in a significant deterioration of the electricity supply situation are analysed.

The data collection process has been carried out by Med-TSO, and it included the collection of all relevant data and
information necessary to model the power systems of Med-TSO countries.

As a general approach, a probabilistic Monte Carlo with Unit Commitment and Economic Dispatch (UCED) model has
been used, ensuring interzonal and intertemporal correlation of model variables and considering specificities of the
assessed geographical perimeter. The hourly resolution has been implemented in the model and the Monte-Carlo
approach has been used to reflect the variability of weather as well as the randomness of supply and transmission
outages.
A number of Monte Carlo (MC) years are constructed to assess adequacy risks under various conditions for the
analysed timeframe. For all those MC years, hourly calculations are performed for the whole geographical scope.

Figure 4: Probabilistic modelling general approach (source: ENTSO-E)
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