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Abstract

Establishing an overlay grid in Europe and expanding it to the Middle East and North Africa (MENA) has high poten-
tials to support the pan-European and MENA energy exchange. Scenario-based modeling has proven that a meshed
HVDC grid is able to transmit large volumes of renewable energy generated offshore or in deserts and arid regions over
long distances to the industrial zones and load centers. Based on scenarios for energy generation and exchange in
MENA this paper gives an outlook on the integration of the pan-European HVDC grid with MENA to support both lo-

cal energy supply and export to Europe.

1 Introduction

The idea of generating renewable energies (RE) in deserts
and arid regions is not new [1], [2] but has high potentials
for the growing energy demand and reduction of usage of
fossil fuels. Own research shows that it is possible to pro-
duce much more energy generated by sun and wind in the
Middle East and North African (MENA) region than it is
required for the local demand. The excess energy can be
used to support Europe’s energy demand, as also pro-
posed in [1], [2], [3]. Besides the potential of delivering
clean energy to Europe’s industrial zones and load centers
there are also challenges to overcome. One big question
is; how to transfer the energy from MENA to Europe?
This paper describes the volumes of energy that could
possibly be transferred from MENA to Europe and evalu-
ates the technical feasibility of a supporting grid in form
of an HVDC overlay grid and its integration into the
MENA AC transmission system [4].

2  Scenarios for Energy Exchange

Before modeling or designing a transmission grid for de-
livering energy from MENA to Europe the expected vol-
umes of energy for local demand and export have to be
determined.

2.1 Modeling the Energy System

A model-based, energy-economic optimization of the EU-
MENA electricity system has been carried out (analogue
methodology has been applied in [3]). Major inputs for
the modeling comprise an in-depth analysis of the availa-
ble RE-potentials using a geographic information system
(GIS) and an assessment of the electricity demand in
MENA until 2050. The model derives the most cost-
efficient expansion strategy for RE generation and storage
technologies in MENA under different scenario assump-
tions. Goal of the analysis was, on the one hand, a de-
tailed modeling of possible electricity generation portfoli-

os with high RE shares in MENA and, on the other hand,
an evaluation of the potential exchange of electricity
among MENA countries (and regions therein) and be-
tween MENA and the EU. The time horizon of the model-
ing extends until 2050.

2.2 Scenario Definition

The above described modeling was carried out against the
background of a set of scenarios. The scenarios were de-
fined based on the following parameters:

e amhbition level of CO, reduction goals,

e restrictions and availability of interconnectivity

between MENA and Europe and

e development of the local energy demand.
Two of the scenarios describe a possible development
without exchange of electricity between EU and MENA
and two scenarios represent an interconnected electricity
system in which electricity exchange between the regions
is possible.

2.3 Scenarios for Energy Exchange

As a result of the modeling the potential energy exchange
as well as statements on cost-optimized interconnections
between MENA and Europe could be derived.

2.3.1 Interconnections between MENA and EU

In [5] four interconnections between MENA and Europe
were proposed. In [6] and own research it was found that
there are eight to nine interconnections required between
MENA and Europe. Eight of them spread nearly evenly
over the Mediterranean Sea. A ninth interconnection
could be established between Egypt and Greece especially
in case of integrating additional Middle East countries.

2.3.2 MENA Collector Grid

Primary goal is to cover the local energy demand within
MENA, namely energy flows between MENA countries



due to the variance in generation of RE and local demand.
Therefore, interconnections have to be established be-
tween MENA countries. These interconnections cover the
entire MENA region and are connected to the overlay grid
in a later step of modeling the HVDC grid. These inter-
connections represent a collector grid and it will be evalu-
ated if they can be integrated into the existing AC trans-
mission grid or HVDC grid.

2.3.3 Energy and Power Flows

For the target year 2050 and the scenario with the highest
energy exchange it is found that most of the interconnec-
tions must transfer approximately 10 GW of power. A to-
tal net energy flow of 117 TWh among MENA countries
and 347 TWh between MENA and Europe was found.
The simulation results show that there is approx. three
times the energy available for export than it is required
locally. This export of energy could cover 7-8% of Eu-
rope’s energy demand in 2050 which is proposed in [7].

3 AC Transmission Grid

In order to evaluate the ability of the existing AC trans-
mission grid to handle the expected power flows, the AC
transmission grids in Europe and MENA were analyzed
and modeled. The AC transmission grids of 220 kV and
above were modeled based on [8], [9] including their syn-
chronous zones [10].

Existing and currently planned interconnections [11], [12]
were modeled for both, interconnections between MENA
and Europe and interconnections between countries and
synchronous zones. It was found that some of the inter-
connections could handle the power flows expected by
2030. For the target year 2050, however, interconnections
need to be built newly or extended by at least ten times
their current capacity if already existing at all.

Also it was determined that the existing AC transmission
grid in MENA is not able to handle the expected power
flows without massive and expensive grid expansions.
Additional lines have to be installed, voltage levels need
to be raised and additional compensation of reactive pow-
er is required. In order to avoid these massive AC grid
expansions it is useful to set up an overlaying grid.

4 Overlaying HvDC Grid

The HVDC grid is the most promising grid for wide-area
energy transmission of large volumes of energy [13], [5]
and for interconnecting far away located generation plants
(e.g. offshore) and load centers or industrial zones. The
present HVDC grid was modeled based on [5] and ex-
tended by the results of aforementioned scenario results.
As the existing AC transmission grid is unable to handle
the predicted energy exchange, one solution is to extend
the pan-European HVDC grid to MENA and form a mul-
ti-terminal HVDC collector grid there. Such an HVDC
overlay grid contains at least one converter station in each
of the MENA countries and HVDC lines along the indus-
trial zones and areas for RE generation, mainly along the
coastline of the Mediterranean Sea and Atlantic Ocean.

5 Conclusion

Scenario-based modeling of the EU-MENA electricity
system showed, that energy transfer between MENA and
Europe cannot be handled by the existing AC transmis-
sion grids or interconnections for both, the MENA and
European side. It is essential to establish an overlay grid
in form of a multi-terminal HVDC grid if a wide-area en-
ergy transmission and pan-European-MENA interconnec-
tion shall be realized. Also, based on the results, a meshed
HVDC grid in the form of a collector grid has to be estab-
lished in the MENA region to enable local energy transfer
among MENA countries. In ongoing work additional as-
pects required by such a multi-terminal HVDC grid are
evaluated and solutions are developed. Such aspects are,
but not limited to, grid operation, grid protection, interac-
tion between DC and AC grid, grid stability and technical
limitations.
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