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Figure 12-2: LEC trend for Morocco

Source: MWH modelling results

Figure 12-3 shows the cumulative avoided CO, emissions in the two simulated scenarios. Were
all identified projects implemented in Morocco, CO, emissions could be reduced by up to 2.3
Mtonnes per year in the low scenario and by 5.4 Mtonnes per year in the high scenario. Based
on similar estimations, by 2040 Morocco could achieve cumulative savings of 40 Mtonnes in the
low scenario and of 100 Mtonnes in the high scenario. Moreover, in the same context of full
project implementation, Morocco would contribute to the region with up to 41 % of emissions’
savings in the low scenario and with up to 40 % of savings in the high scenario.

Figure 12-3: Cumulative avoided CO, emissions in Morocco®

Source: MWH modelling (2010)

0 n Morocco, the 2 GW solar plan does not identify which technology will be used between CSP and PV; for the purpose of
the calculations, an intermediary case of 50% CSP and 50% PV has been considered.
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12.2.3. CONSTRAINTS FOR RE DEVELOPMENT

Morocco is one of the Mediterranean Partner Countries with the highest development of
renewable energies so far. Nevertheless, like most countries of the region, the main constraint to
the deployment of RE at present, especially for solar projects, is financial. This is a constraint for
solar power production and technology deployment at large scale (both for domestic supply and
exporting purposes), as envisaged in the country’s ambitious Solar Plan.

Morocco also faces constraints at the institutional level. Despite the recent approval of the
energy law, there are currently no incentives in place for the promotion of RE in the country. For
instance, the lack of feed-in tariffs is blocking the acceleration of RE deployment. At the physical
level, Morocco needs to reinforce its national grid.
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13. SYRIA

13.1. OVERALL PRESENTATION OF THE ENERGY SECTOR

13.1.1. OUTLOOK OF ENERGY SUPPLY, RENEWABLE ENERGY’S SHARE, AND COUNTRY’S
TARGETS

In Syria, total installed capacity is 7,700 MW (2008). Hydro is currently the only renewable
energy source developed in Syria and represents a fifth of the country’s total installed power
capacity (Figure 13-1). According to energy projections, the power peak will at least double in the
next 20 years. [1].

Hydro
20%

Steam cycle
44%

Combined
cycle
21%

Gas turbine
15%

Figure 13-1: Installed capacity share in Syria (2008)

Source: [1]

The Ministry of Electricity has set a target of 6,000 MW of renewable power capacity by 2030.
Were national targets achieved, 50 % of the total RE installed capacity would come from solar
sources; the remaining 50 % would originate in wind technology [9]. All RE projects are publicly
funded. In most of the cases, the structure with which these projects are envisaged uses a BOO
(Build Own Operate) contract complemented by a tailor-made PPA for the renewable electricity.

13.1.2. STAKEHOLDERS DEALING WITH RENEWABLE ENERGY

The following paragraphs identify the country’s major stakeholders and describe their main
responsibilities in the RE field.

e Ministry of Electricity: the Ministry of Electricity is in charge of the formulation of energy
policies in Syria. Some of its responsibilities include the design of plans to cover the
country’s electricity demand as well as the formulation of energy policies aimed at
promoting economic and social development. [52];

o National Energy Research Centre (NERC): affiliated to the ministry of electricity, NERC
defines RE strategies, including the promotion of institutional and economic incentives for
the development of alternative energies’ technology;

o Electricity Generation and Transmission Corporation (PEEGT): affiliated to the Ministry of
Electricity, it is responsible for electricity generation and transmission;

o Electricity Distribution Corporation (PEED): affiliated to the Ministry of Electricity, it is
responsible for the distribution of electricity.
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13.1.3. RE LEGISLATION

A new energy law is under parliamentary consideration [51] (see Box 4).

Box 4:

Key features of the energy law drat in Syria

Source: [9]

o Participation of the private sector in energy generation (both conventional and renewable) and the
operation of distribution networks.

o Establishment of a regulatory agency;
o Measures to encourage the use of renewable energy;

o Restructuring of the electricity sector.

13.2. RE PROJECTS’ ASSESSMENT

13.2.1. IDENTIFIED RE PROJECTS

Table 13-1, Table 13-2 and Table 13-3 present the identified RE projects in Syria. Information
was collected during the interviews held with the Syrian authorities.
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Table 13-1: Identified Wind Projects in Syria
SYRIA - Wind Power
o . Capacity Cost Commissioning Project
N Project Promoter (MW) (M€) date status Comments Category | Source
Public o1 PEEGT
1 Al Sukhna [PEEGT] 50 — 100 140 2013 appointed IPA FS [53]
Energy, Water
A feasibility | Economics and
study has Norton Rose as
. Public 1 been consultants.
2 Al Hijana [PEEGT] 50 - 100 140 2013 completed. Project FS [53]
expected to be
launched in
2013/2014. %
Pre- PEEGT intends
Daraa Public feasibilit to develop the
3 Region 100 140 N/A ¥ ) h PFS [9]
(Gabageb) [PEEGT] study project via an
completed EPC contract.
Pilot project
aimed at
Pre- strengthening
Homs Public feasibility the capacity of
4 (Qatineh) [NERC] 50 70 NIA study local engineers PFS 4]
completed | and technicians
in all project’s
phases.
Table 13-2: Identified PV projects in Syria
SYRIA - Photovoltaic Power (PV)
o . Capacity | Cost | Commissioning Project
N Project | Promoter (MW) (M€) date status Comments Category | Source
Solar
Publi c twal potential and
5 | Palmyra N;R'é 20 60 N/A °”t"ep ua land IS 9]
[NERC] stage availability.
Pilot project.

" This investment cost is estimated by PEEGT based on 100 MW installed capacity.
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%2 This information was modified from that provided through the interviews, which took place in February 2010. The changes
don't affect the modelling results but reflect the latest knowledge on the project proposal, as of September 2010.
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Table 13-3: Identified CSP projects in Syria

SYRIA - Concentrated Solar Power (CSP)

o . Capacity | Cost | Commissioning Project
N Project | Promoter (MW) (M€) date status Comments Category | Source
Solar
Publi c wal potential and
6 | Paimyra NER'S 20 70 N/A O”tcep ua land IS 9]
[NERC] stage. availability.
Pilot project.
Ongoing
Raga Public pre-
" | Region | [PEEGT] 100 350 NIA feasibility - PFS 1
study.

13.2.2. MODELLING RESULTS

Figure 13-2 shows the power production cost trend modelled for different technologies in Syria
over the period 2010-2020. As an oil exporter country, Syria presents a relatively low cost of
power from fossil fuels. Therefore, there is a wide gap between this cost and that of solar power
production. The production of electricity from CSP technology currently costs approximately twice
as much as producing electricity from conventional sources. Electricity from PV technology could
become competitive with fossil fuels’ by 2020.

LEC 250.0 ~

[€/MWHh]
2000 \K
il o (R R —"

1000 e TR e LR A
50.0
0.0 T T T T T T T i
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Displaced electricity (wind) ssseses Displaced electricity (solar) Wind e 5P PV

Figure 13-2: LEC trend in Syria
Source: MWH modelling (2010)

Figure 13-3 shows the cumulative avoided CO, emissions in the two simulated scenarios. Due to
its installed hydro power capacity, Syria has a relatively low electricity emission factor. Were all
the projects identified in Syria implemented, CO, emissions could be reduced by up to 0.4
Mtonnes per year in the low scenario and by 0.6 Mtonnes per year in the high scenario. Based
on similar estimations, by 2040 Syria could achieve cumulative savings of 6 Mtonnes in the low
scenario and 9 Mtonnes in the high scenario.
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Figure 13-3: Cumulative avoided CO,in Syria
Source: MWH modelling (2010)

13.2.3. CONSTRAINTS FOR RE DEVELOPMENT

The gap between conventional and RE electricity generation costs is a major barrier for the
development of alternative energies, especially solar technology. Increasing average electricity
tariffs is not being foreseen in the near future.

At the institutional level, RE constraints are related to the lack of a legal framework for the
promotion of alternative technologies. In fact, the electricity law is still under discussion *.
Moreover, PEEGT faces different institutional capacity shortcomings in the design and
implementation of RE projects.

Due to its perceived unpredictability®*, PEEGT intends to limit the level of renewable power
sources on the Syrian grid, especially that of wind power ®. Mentioned ceiling on wind power
plants would be set at between 10-20% of the overall installed capacity. Concretely, however,
this should not constitute a constraint to the deployment of the projects proposal identified,
considering that their estimated cumulated capacity would be far below the “RE ceiling”
discussed.

Finally, the export of electricity from RE sources to the EU could be jeopardized by the island
mode connection with Turkey. In this context, Syria could be prevented from using the benefits of
article 9 of the EU Electricity Directive. According to PEEGT, the development of a high voltage
DC interconnection between Syria and Turkey is the best option to allow RE exports [54].

% PEEGT believes it will be passed soon [54].

% As explained in Part | — Chapter 4, anecdotal evidence gathered in the region and in Syria, seem to point to the negative per-
ception of renewable power technologies and their potential “problematic” integration onto their power grids. Experience (inter
alia) from the European countries seems to suggest this is not a real constraint.

% |n case of a failure in the base load plants, wind systems protect themselves by disconnecting from the grid.
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14. TUNISIA

14.1. OVERALL PRESENTATION OF THE ENERGY SECTOR

14.1.1. OUTLOOK OF ENERGY SUPPLY, RENEWABLE ENERGY’S SHARE, AND COUNTRY’S
TARGETS

Tunisia’s total installed capacity and electricity generation are, respectively, 3,316 MW and
5,000 GWh (2008). Electricity from renewable energy sources is around 1 % of total electricity
generation; half of this percentage belongs to hydro and the other half to wind [1]. The country’s
primary source of electricity generation is natural gas, of which Tunisia is a net importer.

Gas turbine Hydro Wind
(gasoil) 1.9% 0.6%

3.4%

Combined
cycle
25.2%

Steamcycle
32.9%

Gas turbine
(NG)
36.1%

Figure 14-1: Installed capacity share in Tunisia (2008)

Source: [1]

Through the Tunisian Solar Plan (TSP), Tunisia expects to increase the RE share from 0,4 % in
2008 to 10 % in 2020.% By 2014, the TSP projects a 4 % RE share in total electricity generation
[10]. By 2014, the national grid is expected to absorb up to 10 % capacity from RE. The TSP
was officially endorsed on December 11" 2009. The government is currently implementing
different initiatives to reinforce the national grid and allow a higher share of RE in electricity
generation. For instance, the 1,000 MW interconnection project with ltaly is expected to be
operational by the end 2016.

14.1.2. STAKEHOLDERS DEALING WITH RENEWABLE ENERGY

The following paragraphs identify the country’s major stakeholders and describe their main
responsibilities in the RE field.

o Ministry of Industry, Energy, and Technology (MIT): it is responsible for the formulation of
the country’s energy policy. It prepares and defines the RE strategy and the regulatory
framework for RE provision;

% This increase would correspond to 660 MW of new RE capacity.
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e National Electricity and Gas Corporation (STEG): it is responsible for the generation,
transmission, and distribution of electricity and the processing, transmission, and
distribution of natural gas. It is also the single buyer for IPP projects and other electricity
produced by the private sector (industry, commercial, households). It is the promoter of
some hydro and wind energy projects and is developing programmes for CSP and PV
projects;

o National Agency for Energy Conservation (ANME): it is responsible for implementing the
government’s energy conservation policy [55];

o STEG-Renewable Energy (STEG-ER): its main role is to provide technical expertise in
the field of RE technologies;

14.1.3. RE LEGISLATION
Decree 2009-2773 of September 28" 2009 [56] defines the conditions for the transmission of
electricity generated from RE sources and the selling of electricity from the same sources to the
utility.

Box 5:

Key features of Decree 2009-2773.
Source: [57][58][59]

o Exclusive sales of electricity from RE sources to STEG must not exceed 30 % of the country’s
total RE generated electricity; the limit can only be exceeded if electricity comes from biomass
produced energy and is within 15 MW;

o The power installed capacity for generating electricity must be within the limit of subscribed power
with STEG at low voltage level;

o Tariffs1 applied to electricity generated from renewable energy to STEG:

o Projects connected to high and medium voltage grid: the STEG general high voltage tariff of the
day is applied (the average annual price for 2009 was equal to 92 millimes 1/kWh (0.051 €/kWh);

o Projects connected to the low voltage grid: STEG calculates the difference between the electricity
supplied by the consumer to the grid and the electricity provided by STEG to the consumer. This
difference will be used to calculate the next electricity bill for the consumer;

o Third party access is only allowed for power auto-producers (i.e. producers of electricity destined
to their own consumption, in most cases industrial stakeholders).

Table 14-1 shows the RE projects for which financial support has been already secured. ¥

% These projects were not included in the assessment. The methodology was explained in paragraph 2.1 of Part .
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Table 14-1: Identified projects under construction in Tunisia

Projects under construction

Project

Promoter

Technology

Capacity (MW)

Cost (M€)

Commissioning date

Project status

Residential

Public [STEG - ANME]

PV

11

2010 -2011

Under construction

14.2. RE PROJECTS’ ASSESSMENT

14.2.1. IDENTIFIED RE PROJECTS

Table 14-2, Table 14-3 and Table 14-4 present the identified RE projects in Tunisia. Information
was collected during the meetings held with Tunisian authorities and sector stakeholders. 9

Table 14-2: Identified Wind projects in Tunisia

TUNISIA - Wind Power

N. | Project | Promoter Cema‘a’:ity ([:';z]t Comn:;:ts;onmg :::ii;t Comments Category | Source
. Specific wind
1 Bizerte 31 Ongoing | measurements
feasibility have been
2 Feriana Private 15 study cor‘1du.cted fo!’ 8
and Public o (expected ma!or |nd.ustr|es
100 2011-2014 to be (including 5 PFS [57]
3 Gafsa [Auto 15 finished cement plants).
producers] by Good wind
: December | conditions have
4 son 1 2010) been identifi
Cedria . een |(1i§)nt|f|ed_
Suitable
locations have
been pre-
identified. The
Not regulatory
5 | defined | Private. 100 156 2016 Conceptu | ¢ mework and IS (57]
al stage.
yet the
interconnection
with Italy are
not ready
yet_1o1

98

Most of the data presented in the tables of this chapter is based on information received from consulted stakeholders as of

February 24" 2010. A few key data have been updated whilst finalising the report in September 2010. The changes between
the initial data provided by consulted stakeholders and the hereby presented data have been clearly identified and justified with

footnotes.

99

100

Total cost provided for the implementation of the 4 projects.

Feasibility study was completed for 1 cement plant (16 MW), the rest studies will be ready in June 2010. CDM funding is

being requested by 3 plants (PIN prepared). Transport and electricity tariffs have been agreed with STEG.

101

The regulatory framework for the development of wind projects by the private sector is expected to be finalized in 2012. The

interconnection with Italy is expected in 2016. Given the project’s potential and the interest shown by private investors, a
project could be implemented after commissioning of the interconnection (around 2017).
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Table 14-3: Identified CSP projects in Tunisia

TUNISIA - Concentrated Solar Power (CSP)

. Capacity | Cost | Commissioning Project
N. Project Promoter [MW] [Me] date status Comments Category | Source
To take
place in FS is being
the Ongoing prepared by
i
i Lahmeyer.
g | Southern | Public | o5 50 | 85" 2014 feasibility 4 PFS [58]
region, [STEG] study It should be
but not ' completed by the
defined end of 2010.
yet.
Selection of bid
winner by the end
of 2010.
PPA and other
Not Ongoing contracts to be
) Private g signed in 2011.
7 defined [ELMED] 100 311 2016 bidding Construction to PFS [59]
yet. process. .
take place in
2012-2016.
Expected to be
commissioned in
2016."%
Implementation
Not Conceptual after
8 defined Private 75 250 N/A sta pe commissioning of IS [57]
yet. ge- interconnection
with Italy (2016).
35 MW Ongoin
EL Public - cc+5 p%e_ 9
9 BORMA Private MW CSP 54 N/A feasibility - PFS [57]
[SITEP] as an
. study.
option.

192 Cost estimation for 25 MW.
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Table 14-4: Identified PV projects in Tunisia

TUNISIA - Photovoltaic Power (PV)

N. Project Promoter c?&?ﬁity [CI\’I:I’ €s]t Comn:jl:ts;onmg Z:gjtz:t Comments | Category Source
FS is being
prepared by
Not Public Ongoing Lahmeyer. It
10 defined [STEG] 10 35.6 2016 feasibility is expected IS [58]
yet. study. to be finished
by the end of
2010.
No Pre-
Not Conceptual feasibility
11 defined Private 10 35.6 N/A study has IS [57]
stage.
yet. been
prepared.
Bids are
under
evaluation for
Residential Public Tenderin projects of 3
12 | and public [STEG] 13 70 2014 h 9 MW. FS [58]
buildings. phase. Expected to
be
implemented
in 2010."

14.2.2. MODELLING RESULTS

Figure 9-2 shows the estimated power production cost trend, modelled for different technologies
in Tunisia over the period 2010-2020. As a fossil fuel importer country, Tunisia presents a
relatively high cost of power from fossil fuels. Cost of solar power is currently higher than that
from fossil fuels. Based on similar estimations, it is expected that PV and CSP power could
become competitive vis-a-vis fossil fuels’ respectively, by 2016 and 2020. Wind power cost
appears currently lower than that from fossil fuels.

1% Bidders have to include in their bids a concessional funding proposal. Requests for proposals have not been issued for
projects of 10 MW. Implementation is expected in 2014.
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Figure 14-2: LEC trend in Tunisa.

Source: MWH modelling results

Figure 14-3 shows the cumulative avoided CO, emissions in the two simulated scenarios. Were
all the identified RE projects in Tunisia implemented, CO, emissions could be reduced by up to
0.1 Mtonnes per year in the low scenario and by 0.4 Mtonnes per year in the high scenario.
Based on similar estimations, by 2040 Tunisia could achieve cumulative savings of 2 Mtonnes in
the low scenario and 7 Mtonnes in the high scenario.
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Figure 14-3: Cumulative avoided CO, emissions in Tunisia

Source: MWH modelling results

14.2.3. CONSTRAINTS FOR RE DEVELOPMENT

Higher costs of electricity from RE than from conventional sources is the main obstacle for RE
development, especially solar energy, in Tunisia. Increasing electricity tariffs from conventional
sources is not being foreseen in the near future.

Tunisia also faces significant institutional constraints. The legislation in force only allows major
electricity consumers to produce RE electricity for their own use, preventing the expansion of the
industry. Independent private operators cannot produce electricity from RE for the local market,
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although authorizations can be extended for exports. Moreover, third party access is only allowed
for self-producers. Finally, RE in Tunisia could be also benefited from the definition of the
modalities to implement Article 9 of the EU directive. The government has not yet defined the
modalities which would allow exporting electricity from RE to the EU, but a related study is being
prepared by the Italian government.
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APPENDICES

Appendix 1 — RENEWABLE ELECTRICITY GENERATION POTENTIAL IN TURKEY

After coal, renewable energies are the largest contributor to Turkey’'s domestic energy
production1°5. More than half of renewables used in Turkey are composed of combustible
renewables and waste; the rest of renewable includes hydro, geothermal, and wind. The majority
of combustible renewables and waste used in Turkey are non-commercial fuels, typically wood

and animal products used in residential areas for heating purposes .

Turkey is the largest electricity market in the South Eastern Europe region and has recently
experienced a rapid growth of electricity demand. Since the economic crisis in 2001, electricity
consumption has grown at an annual rate of 8 %'%. As a consequence of the recent financial
crisis, the demand of electricity dropped by 2% in 2009. Moreover, the Turkish Electricity
Transmission Corporation (TEIAS) estimates a low increase in the demand of electricity during
2010 and 2011. Between 2012 and 2018, electricity demand is expected to increase at an annual
rate of 7 %.

The Turkish system has a total installed generation capacity of about 42 GW. Gas, hydro, and
lignite & hard coal account, respectively, for 35%, 33%, and 25% of the total generation capacity.
While there appears to be a generous capacity margin, it should be noted that the availability of
hydropower is dependent on hydrological conditions. Moreover, the plant availability of some
power stations is low. From 2005 to 2009 the average utilization rates of plants fell from 40% to
37%. This is reflected in the sources of electricity generation. Electricity generated from gas fired
plants accounted for 46% (90 TWh) of total electricity generation. Hydro and other sources
accounted, respectively, for 37 TWh and 2 TWh of total electricity supply.

Due to a sustained growth of electricity demand and declining plant availability, power cuts are
likely in the short term. The grid operator predicts a system peak between 51 and 55 GW by
2018. Installed capacity is forecasted to reach 55 GW by 2016'%. In order to ensure the security
of supply, considerable levels of investment will be needed'®. Excluding hydro, electricity
generation from renewable energies account for 2% of installed capacity (883MW). The
generation of electricity from renewable energies has been growing rapidly, nearly doubling from
2008 to 2009. Wind power is the largest source of electricity generation, deploying 800 MW
(2009). The rest of the renewable energies are geothermal (80 MW), photovoltaic (<1 MW), and
biomass (<3 MW).

"% In 2007, energy from renewable sources amounted to 9.6 Mtoe (10% of TPES). The country’s peak in the use of renewable

energy was in 1990 when 9.7 Mtoe renewables were used (although this meant 18% of the TPES then).

1% Dye to the substitution of non-commercial by commercial fuels, the use of biomass for residential heating has declined.

% 1n 2009, the total consumption of electricity reached 194 TWh. According to the methodology explained in paragraph 2.1

(Part | of this report), these projects are not included in the assessment exercise.

1% |EA Energy Statistics — Energy Balances for turkey 2007

"% Turkey’s Ministry of Energy and Natural Resources (MENR) estimates that capacity will have to double (80 GW) by 2020.
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Turkey has a formidable renewable energy potential. The MENR, through the Electricity Energy
Market and Supply Security Strategy''®, has set specific targets for renewable energy
generation. By 2023, the MENR expects the share of renewable energy to be 30 % of the
country’s total generation capacity’'’. By 2020, Turkish authorities estimate that 20 GW of
electricity generation will come from renewable energy sources. Table 1 shows the energy mix in
the period 2010-2020.

Technology 2010 (MW) | 2020 (MW) | Target
2023

Thermal 27000 45000 No target
Hydro 14000 24000 37000
Wind 800 10000 20000
Geothermal 80 500 600
Solar 0 0 No target
Other RES - E 3 25 No target

Table 1: Potential Fuel Mix Evolution 2010 - 20202

Source: Various sources including TEIAS, Government Ministries, and EMRA

Hydro:

Hydro is the predominant renewable energy source (13.7 GW). Despite the significant share of
hydro in total electricity generation, the General Directorate of Hydraulic Works (DSI) estimates
that 65% of Turkey’s hydro potential is still untapped’™. The country expects to fully develop its
hydro potential by 2023 (37 GW). Nevertheless, this goal is unlikely to be achieved. There is lack

of grid capacity in relevant areas and not all construction facilities are available ™.

"% Resolution 2009/11 Electricity Energy Market and Supply Security Strategy Paper, MENR Sept. 2009.
"™ This is a 20 % increase from 2010.

"2 Various Sources; Turkish Electrical Energy 10 year Capacity Projection 2009-2018, TEIAS June 2009.
ns Turkey Water Report 2009, General Directorate of State Hydraulic Works 2009.

" There are currently about 3.7 GW under construction and a further 7.5 GW have been licensed. TEIAS estimate that be-

tween 5.4 GW and 6.7 GW of this capacity will connect to the system by 2016.
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Wind:

Installed wind farm capacity has grown rapidly since licensing began in 2002. There are
currently 800 MW of installed capacity. Turkey has a substantial wind potential’™®. By 2023,
Turkish authorities expect to reach 20 GW of installed capacity''®. The energy regulator (EMRA)
has received in excess of 75GW of applications for RE projects’ grid connections; however the
bulk of these is targeting overlapping areas and considerably exceeds the available grid capacity.
Considering the current network constraints and assuming that the competition of applications for
geographic areas is resolved, TEIAS estimates that by 2020 a maximum of 10 GW of wind
energy will be delivered. By offering the highest contribution fees, overlapped applications (more
than 600) will compete to obtain a generation license.

Solar:

According to the Energy Potential Atlas of Turkey, an area of 4600 km? is feasible for
investments in solar applications. Turkey’s maximum technical potential could reach 380 TWh'"".
Although a number of off grid applications exist, there are currently no companies holding a
license to generate electricity using solar power for exports. Due to the inadequacy of feed-in
tariffs, no solar power plant applications will be received until the enactment of the amendments
to the RES Law'™®.

Geothermal:

There is a marginal utilization of Turkey’s 2000 MW geothermal potential (80MW connected to
the system). By 2023, the government expects to reach 600 MW of installed capacity. Four sites
with electricity production potential have been awarded in 2008. Another tender for 29 sites is
being prepared by MENR.

Conclusions and prospects for RE development:

Turkey’s limited progress in the development of RE is explained by inappropriate incentives, poor
regulations, and an inadequate grid. In an effort to achieve the country’s 2023 targets, the
government has announced an amendment to the 2005 Law on the Use of Renewable Energy
Resources for Electricity Production (RES Law). The new bill provides higher feed-in tariffs and
additional incentives for investments in RE'". It also promotes the use of Turkish technology.

"5 1n 2009 there was over 600 MW of wind generation under construction.

"8 Wind in Power 2009 European Statistics, EWEA Feb. 2010.

" Solar Radiations and Insulation (sic) Durations in Turkey (2001). General Directorate of Electrical Power Resources Survey

and Development Administration.

"8 The Ministry of Agriculture and Rural Affairs is currently working on a regulation to determine the agricultural land on which
solar power plants cannot be legally established. The regulation is considered a positive step by wind energy investors.

e Although its enactment was expected in June 2009, the amendments have been delayed due to the Ministry of Economy’s
disproval. According to the Ministry of Economy, extending financial incentives to RES investments would increase pres-
sure on the fiscal budget and affect Turkey’'s trade commitments with the EU and WTO. At the moment the proposed
amendments are being reviewed by the MENR and will require final approval by the Ministry of Economy.
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The bill proposes the following rates:

Onshore wind EUR 0.08 per kWh
Offshore wind EUR 0.12 per kWh
Geothermal EUR 0.09 per kWh
PV EUR 0.25 per kWh
STEG EUR 0.20 per kWh
Biomass EUR 0.14 per kWh
Marine EUR 0.16 per kWh

The government has made significant progress by addressing regulatory and grid bottlenecks. In
order to reduce network congestion, the energy regulator (EMRA) has recently negotiated
technical standards with TEIAS for new renewable connections and locational transmission
pricing. The government has also committed to providing TEIAS with financial and other
necessary resources to secure electricity supply through renewable energies.
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Appendix 2 — CONTACT LIST

The following list identifies the institutions and/or companies that provided information and data

for the study.

COUNTRY

INSTITUTION OR COMPANY

Egypt

Delegation of the European Union in Egypt

Egyptian Electricity Holding Company

Egyptian Electricity Regulatory Commission

Energy Efficiency Improvement & Greenhouse Gas Reduction
(GEF/UNDP)

Local office of the European Investment Bank

JICA

Kfw

Ministry of Electricity and Energy

NREA

World Bank

Gaza/West Bank

European Commission Office for the West Bank and Gaza Strip

PENRA (Palestinian Energy and Natural Resources Authority)

Israel

Delegation of the European Union to the State of Israel

Israel Institute of Technology

Ministry of Finance

Jordan

ERC

Delegation of the European Union in Jordan

European Jordanian Company for Renewable Energy Projects LLC

Kawar Energy

MEMR

Ministry of Planning and International Cooperation

NEPCO

NERC

Lebanon

ADM Energy

ALMEE
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COUNTRY INSTITUTION OR COMPANY
AFD
CDER
Local office of the European Investment Bank
GTZ Coopération Technique Allemande

Morocco MASEN
Ministry of Energy, Mining, Water, and the Environment
ONE
ONEP
World Bank Office in Morocco

Syria Delegation of the European Union to Syria

Ministry of Electricity
NERC — Ministry of Electricity
PEEGT — Ministry of Electricity

Tunisia AFD
AfDB
ANME

Local office of the European Investment Bank

GTZ

JICA

MDCI

MIEPME

STEG
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Appendix 3 — ASSUMPTION BOOK

EcoNomic PARAMETERS SOURCE
Assumed fossil fuel (crude oil, natural gas,
until 2030. Real terms.
Levelised Electricity Cost from conventional sources
Country type
o e | Enry Exportr igr
EUR/MWh Lebanon, Palestine) Egypt, Syria)
2010
Wind on-shore 77.21 67.86
Solar (CSP and PV), Hydro 101.37 88.75
2015
Wind on-shore 82.47 73.12
Solar (CSP and PV), Hydro 108.66 96.53
2020
Wind on-shore 86.79 77.40
Solar (CSP and PV), Hydro 115.04 103.16
2025
Wind on-shore 90.96 81.61
Solar (CSP and PV), Hydro 121.24 114.36
2030
Wind on-shore 95.13 85.78
Solar (CSP and PV), Hydro 127.43 120.56
2035
Wind on-shore 99.30 89.95
Solar (CSP and PV), Hydro 133.62 126.75
2040
Wind on-shore 103.46 94 .11
Solar (CSP and PV), Hydro 139.39 103.52
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Renewable energy technologies

On Shore Wind

Data Value Source
Lifetime [years] 15 EIB - MWH
Capacity factor [%] 25-35% Based on reference plant
Capital cost (unitary) [€/W] 16 EIB - MWH (gverage of dlﬁergnt on-shore wind
farm projects in various countries)
O&M costs (share of capex) 2% EIB — MWH
Learning rate - cost decrease 3% [61]
Solar PV
Data Value Source
Lifetime [years] 20 EIB - MWH
. 16.6% - Estimated by country based on PVGIS
f 0,
Capacity factor [%] 24.9% (http://re.jrc.ec.europa.eu/pvgis/)
Performance Ratio (Balance of 75% Assumed PRs for typical commercial plants: 75
Plant Efficiency) 80% % by 2010, 80% by 2020 - [62]
Capital cost (unitary) (€/Wp) 3 [62]
O&M costs (share of Capex) 1% EIB - MWH
Learning rate - cost decrease 5.0% [62]
Solar CSP (no storage, 15% gas hybridization)
Data Value Source
Parabolic
Technology through, with | EIB — MWH
no storage
Lifetime [years] 20 EIB - MWH
22 8% - Average load factor calculated by interpolating
Capacity factor [%] o calculated data from SAM software, applied to
27.8%
reference plants DNI values
. o If available will be taken for a reference plant
Direct normal irradiation .
site
. . Assumed investment costs of 4 €/W for trough
Capital cost (unitary) [€/\W] 4 [4.5 €/W for power tower] technology by 2004.
O&M costs (share of Capex) 3% EIB - MWH
Learning rate - cost decrease 5.5% [63]
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Hydro
Data Value Source
Lifetime [years] 40 MWH assumption
Capacity factor [%] depending on country Reference Plants
Capital cost (unitary) [€/W] 2 MWH assumption
O&M costs (share of Capex) 1.5% MWH assumption

CO2 calculation (average electricity CO2 emission factor (tCO2/MWh)) (Source: [64])

Country CO, emission factor for electricity production
[tMWh]
Algeria 0671
Egypt 0.471
Gaza/West Bank 0.767
Israel 0767
Jordan 0.66
Lebanon 0667
Morocco 0778
Syria 0.587
Tunisia 0482
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Appendix 4 — METHODOLOGY FOR LEC CALCULATION

LEC calculation for conventional plants:

LEC for conventional energy sources (displaced LEC) was calculated based on a different
electricity mix for both exporter and importer countries and for the different renewable energy
sources (i.e. solar and wind). They contribute to different parts of the load curve.

Based on average solar / wind production profiles, assumptions were made with regards to the
type of electricity displaced by renewable generation in the countries of the region. Solar is
expected to cover mostly peak and mid-peak demand whilst wind power is assumed to displace
mostly base load electricity.

Ideally, models of the electricity systems in each country would be needed to assess the
“displaced LEC” for both technologies. Nevertheless, due to the lack of data, an approximate
assessment was undertaken, taking into consideration whether the particular country was an
“oil/gas importer” or “oil/gas exporter”'?°.

In the case of “importer” countries (i.e. Morocco), solar electricity was assumed to replace the
fixed cost of an open-cycle gas turbine peaker fuelled by diesel plus the variable cost of a mix of
combined-cycle gas turbines and open-cycle gas turbines. For “exporter”’ countries (i.e. Algeria),
the mix assumed open-cycle gas turbines and gas-fired steam cycles, the latter being gradually
replaced by combined-cycle gas turbines.

For both “importer” and “exporter” countries, wind power was assumed to displace the full costs
of generation in a Combined Cycle Gas Turbine (working at 6000 hours/year).

Inputs on energy prices and their forecasted evolution (oil, gas) were based on the IEA scenarios
[60]. Accordingly, the conventional LEC increase in time reflects the expected trend in regional
energy prices.

CO; benefits (eq. to 10 EUR/tCO,) were also included in the calculation of the conventional LEC.
Indeed, aside from potential carbon credits, it could be argued that reducing CO, emissions in
the region would entail a benefit which is at least equivalent to the conservative value used
above.

LEC for conventional displaced electricity (and the assumed opportunity costs of solar and wind
electricity in the different countries covered by the study) is shown in Appendix 3.

LEC calculation for RE plants:

Levelised Energy Cost (LEC) is the cost of generating energy (usually electricity) for a particular
system. It is an economic assessment of the cost of the energy-generating system over its
lifetime, including initial investment, operations and maintenance, cost of fuel, and cost of capital.

European Investment Bank Appendices


http://en.wikipedia.org/wiki/Electricity�
http://en.wikipedia.org/wiki/Cost_of_capital�

Study on the Financing of Renewable Energy Investment in the Southern and Eastern Mediterranean Region

It is calculated using the following formula:

Where:
o LEC = Average lifetime levelised electricity generation cost
¢ /= Investment expenditures in the year t
e M, = Operations and maintenance expenditures in the year t
o F;=Fuel expenditures in the year t
e E; = Electricity generation in the year t
e r=Discount rate

e n = Lifetime of the system
In this study, LEC is always quoted in EUR/MWh terms.

LEC for RE technologies was estimated based on a reference plant for each technology. In the
case of countries in which the location of reference plants was not identified, the most solar
irradiated area of the country was considered. This assumption is based on the fact that the new
RE plants will probably be installed in the area where the RE source is mostly available.

Investment expenditures:

A unitary investment cost [€/W] was assumed by technology. Investment cost for RE
technologies is expected to decrease in the next 10 years (2010 — 2020). A decrease rate have
been assumed and applied every year as reported in the assumption book.

Operations and maintenance expenditures:

O&M costs have been assumed as a percentage of the total investment cost. Considering the
development of the RE industry in the region and the emergence of locally trained technicians,
O&M costs have been assumed to decrease at the same rate as investment expenditures.

Fuel expenditures:

It only applies to CSP technologies. It was taken into account in the O&M cost.

Electricity generation:

The calculation of the energy production in year t for a given reference plant has been calculated
based on the following formula:

E=RxCfxH
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Where:

E; = Yearly Energy production (MWh)

P, = Installed Power (MW)

Cs= Capacity Factor (%)

H = 8760 h (hours in one year)

Capacity Factor

For each technology the capacity factors have been estimated as follows:

Wind

A reference plant has been identified for each country and capacity factors retrieved by
available documents. Capacity factors were limited to 35 % as a maximum value and 25 %
as a minimum value. A 30% capacity factor was assumed when data was not available.

CSP

A reference plant has been identified for each country. For the countries in which the
location of reference plants could not be identified, the most insulated area of the country
was considered.

The main parameter affecting the capacity factor of a given CSP plant is the Direct Normal
Irradiation (DNI). DNI for the reference plants was retrieved from the NASA website [65].
SAM software was used to estimate the capacity factor at different DNI. Since SAM works
only for the United States, DNI and capacity factors were correlated.

PV

A reference plant was identified for each country. In countries where the location of the
reference plants could not be identified, the most solar irradiated area of the country was
considered.

The global solar irradiation for the reference plants locations was retrieved from the PVGIS
website [66]. The irradiation on a 25° inclined surface was considered for the capacity factor
calculation "'

Since the balance of plant performance ratio (PR) is expected to increase in the next 10
years, the capacity factor is expected to grow accordingly for new projects. The increase of
the capacity factor was taken into account in the model. An annual capacity factor was also
calculated.

121

The PV modules must be placed perpendicularly to the sun rays. Taking into account the maximization of electricity pro-
duced over a year, 25° was chosen as a typical value for the Mediterranean countries included in the study.
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Discount rate:

The discount rate r took into consideration the cost of capital, including the balance between
debt-financing and equity-financing, and an assessment of the financial risk. The discount rate
value has been assumed equal for all the countries in the region. Its value is reported in
Appendix 1.

Lifetime of the system:

Typically, LEC is calculated over a lifetime of 15 to 40 years. Projects’ lifetimes were assumed for
each technology (Appendix 1).
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Appendix 5 — REFERENCE PLANTS

The following tables show the reference plants considered for the LEC modelling:
Wind:

Reference plants were selected by screening the most advanced projects (FS). When data was
not available, reference plants were selected from less advanced projects (PFS and IFS). When
data was not available from neither advanced nor less advanced projects, existing operating
plants and/or papers showing wind measuring campaigns were considered.

Reference Plant Reference Plant
Country Location Size [MW] Load Factor Source
Algeria Adrar 30 35.0% [67]
Egypt Zafarana 120 35.0% [3]
Gaza/West Bank Hebron 0.75 30.0% Average value
assumed.
Israel No reference site 50 30.0% Average value
available ' assumed.
Jordan Al- Kamsha 40 33% [68]
Lebanon No refer_ence site 50 25 0% Minimum value
available ' assumed [69]
Morocco Tarfaya 300 30% Assumed value.
Syria Homs - Qatineh 50 30% Assumed value.
Tunisia Sidi Daiud 100 31.60% | CXisting operat-
ing plant data.

Solar:

For solar (PV and CSP) technologies, the most advanced projects were used as reference
plants. In case of data unavailability, the most solar irradiated area was selected.
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PV
Reference Plant Reference Plant
Country Location Size [MW] Year Load Factor
Algeri Most solar irradiated 1000 2010 20.5%
eria ost solar irradiated area
g 2020 21.9%
Egypt Most solar irradiated 20 2010 23.3%
p ost solar irradiated area
¥ 2020 24.9%
2010 16.6%
GazBaN\éest Jerico 0.55 >
an 2020 17.7%
| | Ashal 15 2010 17.1%
srae shalim 5020 18.2%
i 2010 19.5%
Jordan MDA Industrial Park, 100 0
Maan 2020 20.8%
2010 18.5%
Lebanon Most solar irradiated area 100
2020 19.7%
M o ) 500 2010 18.9%
orocco uarzazate 5020 20.2%
Svri Pal 0 2010 17.8%
ria almyra
y y 2020 19.0%
2010 20.0%
Tunisia Most solar irradiated area 13
2020 21.4%
CSP
Reference Plant Reference Plant Size
Country Location [MW] Load Factor
. Meghair (Wilaya d'El o
Algeria Oued) 75 23.76%
Egypt Kom Ombo 100 27.78%
Gaza/West Bank Jerico 10 22.81%
Israel Ashalim 95 25.24%
Jordan Queira 100 26.91%
Lebanon Zahleh Centre - Bekaa 5 24 71%
Valley
Morocco Ouarzazate 500 27.34%
Syria Raga Region 100 23.04%
Tunisia Most solar irradiated 100 23 929
area
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The Mediterranean Solar Plan (MSP) is one of the prior-
ity projects of the Union for the Mediterranean and aims
at coping with the challenges posed by energy demand
increases, security of supply and environmental sustain-
ability in the Euro-Mediterranean region. Its objective is
to develop an additional renewable energy capacity in
the region of 20 GW by 2020 along with the necessary
electricity transmission capacity, including international
interconnections.

At the Nice Ministerial Conference on Industry in Novem-
ber 2008, the Euro-Mediterranean Ministers requested the
European Investment Bank (EIB) to propose a road map
for renewable energy in the Mediterranean region under
the umbrella of the MSP.

This study contributes to this objective. Itaims atassessing
the level of maturity of the existing or planned renewa-
ble energy projects in the different Mediterranean Part-
ner Countries, the economicimpacts of developing these
projects, as well as the main obstacles that may affect their
implementation.

The study is financed under the FEMIP Trust Fund, an EIB-
managed multi-donor Fund, which supports the develop-
ment of the private sectorin the Mediterranean region via
the financing of studies and technical assistance.
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