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Glossary
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IEA PVPS |EA Photovoltaic Power Systems Programme
kW Kilowatt

kWh Kilowatt hours

MML Mott MacDonald Limited

MRA Malta Resources Authority

MW M egawatt

MWp Peak Megawatt

MWh Megawatt hours

NCAR National Center for Atmospheric Research
OPEX Operational Expenditure

O&M Operation & Maintenance

PR Performance Ratio

PV Photovoltaic
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Summary

As part of the EU’s commitment to renewable energy Malta is required to increase their renewable
energy credentials by 2020. Mott MacDonald Limited (MML) has been commissioned by the Malta
Resources Authority (MRA) to perform a feasibility study into several possible options for increasing
Malta's renewable energy. The first two options that MML reviewed involved the instalation of
renewable devices within Malta: to generate energy from wind in a given offshore location and from
photovoltaic panelsinstalled on rooftops.

One option that was reviewed was the feasibility of an offshore wind farm at Sikka L-Bajda. From our
analysis it was found that the wind speeds in the region are low compared to those experienced at
offshore wind farms in Northern Europe. The projected capex and opex costs are also high for an
offshore wind farm therefore it is felt that a sizeable tariff would be necessary in order to make awind
farmin thisregion financially viable.

MML also investigated the development of energy production from photovoltaic devices. Malta has
large areas of roof space that would be available for PV installation; this combined with good annual
solar irradiation levels means that Malta possesses very good potential for photovoltaic devices.
However, the costs and the current legidations limit the potential. As domestic roofs are currently
limited to 3 kWp, industrial roofs may be a better option. It is expected that by 2020 Malta will have
1,147 MW, of PV installed, equating to an energy contribution from PV electricity generation in the
region of 1,724 GWh. It should also be noted that there is a need to reduce barriers and develop
policies to encourage PV to the levels suggested in this report.

The other three options involved renewable energy projects that were outside of Malta. The first of
these options is to purchase renewable energy credit from another country via a Statistical Transfer to
contribute towards their renewable target. The second option that was reviewed was the purchase of
green electricity from mainland Europe via a subsea cable connected to Sicily. This option would not
only help Malta to meet their targets but it would also help to improve security of supply and would
further comply with the Directive by establishing an interconnector. The fina option is for Malta
investing in a renewable energy project within Europe and then taking a share of renewable energy
credits from the project, viathe Joint Projects mechanism.

From our financial model based on various price assumptions, the Joint Projects option appears to be
the most financialy attractive option for Malta. However, it is recommended that MRA assesses the
relative importance of different drivers in choosing between the options identified. If the strategic
benefits of generating renewable energy within Malta are considered a priority, offshore wind would
be a more feasible option and contribute a higher proportion of renewable energy than solar PV. In
such a case, the development of an offshore wind farm should be analysed in more detail. Importing
green electricity through a subsea interconnector could also be a preferential option due to the added
energy security advantage.

1-1
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1 Introduction

1.1 Remit of the Study

Mott MacDonald Limited (MML) has been commissioned by the Malta Resources Authority (MRA)
to perform a feasibility study for increasing Malta's Renewable Energy through several specific
options:

Development of an offshore wind farm at Sikka L-Bajda
Development of photovoltaic (PV) solar energy in Mata

Purchasing green certificates through:
Option a Direct purchase via a Statistical Transfer.

Option b: Importing physical green electricity from mainland Europe, assuming a cable
interconnection with Sicily.

Option c: Participation by the Maltese Government in renewabl e energy projects (e.g.
onshore wind) in other countries and claiming associated credits viathe Joint Projects
mechanism.

In 2005 MML carried out a previous study for MRA, in order to identify a Strategy for Renewable
Electricity Exploitation in Malta. This new study now updates some of the analysis carried out
previoudy.

For this analysis, MML has used information from our previous work for MRA, from MML in-house
databases, from the public domain, and some information specifically provided by MRA.

1.2 Study Drivers

In January 2008, the European Commission (EC) published the “Proposal for a Directive of the
European Parliament and of the Council on the promotion of the use of energy from renewable
sources’. This proposal introduces a renewable energy target of 20% by 2020, to be shared across the
EU through individual country renewable energy targets. In December 2008 arevised draft text of the
Directive was agreed upon by the European Parliament.

Under the draft Directive, the target for Malta will be for 10% of all its energy consumption to come
from renewable sources by 2020. This will be shared across the electricity, heat and transport sectors.
Currently none of Malta's energy comes from renewable sources. The Directive proposal also
introduces a target tragectory approach, through which compliance with the final target would be
monitored across two year periods. For Malta, the trgjectory is shown in the table below.

1-1
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Table 1-1: Malta’s Renewable Energy Trajectory under the EU Directive proposal

Period Target renewable energy share
Starting case (2010) 0%

2011-2012 2.0%

2013-2014 3.0%

2015-2016 4.5%

2017-2018 6.5%

2019-2020 10.0%

Source: European Commission (2008)

The target for Malta will be chalenging, particularly given it is a small island with limited renewable
energy resources. The aim of this study is therefore to make a comparison of the options available to
Maltafor meeting it.

1.3 Structure of the Report
Thisreport is structured as follows:

Section 2 covers the analysis of developing an offshore wind farm at Sikka L-Bagjda. Thisis
a high level investigation of feasibility, updating and furthering previous research carried out
by MML for MRA in 2005. We provide an estimate of the potential wind farm installed
capacity, based on available turbine sizes, site layout and environmental restrictions such as
noise pollution.

Section 3 explores the development of PV. The analysis is based on roof/land area data as
estimated by MML in its earlier report (2005), public domain information and MML’s in-
house databases. We also provide cost and development time estimates, and identify the key
risks.

Section 4 analyses the three different purchasing options identified (via Statistical Transfer,
purchase of physical green electricity, and investment in a Joint Project outside of Malta).
Review of the policy context and stakeholder positions is used to comment on the feasibility
of each option for helping meet Malta' s renewable energy target, and the relative costs of
each option are estimated.

Section 5 provides a financial comparison of all the options considered in the analysis, in
order to highlight the relative financia costs and benefitsto Malta.

Section 6 summarises the overall conclusions from the anaysis and comparison of the
different options and makes recommendationsto MRA.

1-2
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2 Sikka L-Bajda Wind Farm Study

2.1 Introduction

In this section we have conducted a high level investigation in to the feasibility of the development of
an offshore wind farm at Sikka L-Bajdaintended as areview of our previous work carried out with the
MRA in 2005. This study considers the following:

Review of the site geographica boundaries based on water depth up to 30 m.
Estimate of wind speeds.

Estimate of the wind farm installed capacity based on available turbine sizes, site layout and
environmental restriction such as noise pollution.

Estimate of the annual energy yield based on estimated wind yield.
Estimated capex and opex costs for the proposed wind farm.
Consideration of planning and other issues.

Three different sizes of wind turbines are considered: the Siemens 3.6 (3.6 MW), Vestas V90 (3 MW)
and REpower 5M (5 MW). Using the WindPro software package and current industry standard
assumptions, the optimum number of turbines and their spacing have been determined for each of the
different turbine sizes. This process was conducted for various spacing separations between turbines;
9/6 D, 8.5/5.5D and 8/5D.

2.2 Location and Geographical Boundaries

The potential location for the offshore wind farm is at Sikka L-Bajda approximately 1-2 km offshore
to the North of Malta as shown in Figure A-1 below:

2-1
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Figure A-1: Wind farm location

An area at Sikka L-Bajda has been marked for investigation by MRA. The area surrounds a sand bank
of raised elevation relative to its surroundings. The sea depths within the development area range
between 10 m and 45 m. As part of previous works, preliminary layouts were prepared for nine5 MW
turbines and fifteen 3 MW wind turbines. These layouts were clustered around the shallowest areas on
and around the sandbank. Present offshore wind farm construction technology enables to sit turbine
foundations within sea-depth to 30 m. If the constructible area includes a maximum of 30 m sea
depth, it islikely that the area within the boundary could accommodate more turbines than proposed in
the earlier study. Using contour lines and spot height from the local maritime map we have
approximated a 3D surface of the seabed by triangulating between the depth values. This method
relies on the accuracy of the contour data available and a more detailed depth survey would be
required to verify a constructible area.

Figure A-2 below shows the original boundary (blue line) of the proposed area (supplied by MRA)
and inside another boundary (green line) created to show the area within the proposed boundary with
estimated depth below 30 m.
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Figure A-2: Estimated constructible area (<30 m sea depth)

2.3 Wind Regime

In order to estimate the likely wind regime at the site we have considered a number of data sourcesin
the region.

Wind data from Luga Airport has been made available from March 2007 to June 2008 collected from
a 10 m anemometer at approximately 80 m above mean seal level. The exact location, type and
surroundings of the anemometer were not available and although the data cannot be confirmed, it can
be used to get an indication of the wind climate in the region, including seasonal variation and
direction distribution. Luga Airport is approximately 18 km from Sikka L-Bajda and is located in a
very different environment. Therefore extrapolating the recorded 10 m wind regime from Luga
Airport to Sikka L-Bajda at hub-height using a WAsP model or equivalent would not yield reliable
results.
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To estimate the wind regime at Sikka L-Bajda,, the regiona wind climate was investigated through
consideration of nearby NCAR data sets and the European wind atlas. NCAR data sets were extracted
from 3 offshore nodes surrounding Malta. The closest NCAR node is approximately 120 km to the
south-east of Malta. Datasets were extracted from locations approximately 200 km south-west and
north-west of Malta and compared to investigate the uniformity of the regional wind climate.
Correlations between the NCAR datasets and the data from Luga Airport showed good agreement
between both datasets, indicating a reasonably consistent regional climate. A notable differencein the
datasets was the wind direction frequency distributions, with the Luga Airport data showing a stronger
prevalence of Westerly winds, whereas the NCAR data sets showed more of a North-westerly
prevalence. We expect that this dight inconsistency can be attributed to the local topography and the
low measurement height at Luga Airport which will be subject to more local variations and thermal
affects associated with the landmass of the island. Previous studies have also identified a North-
Westerly prevailing wind for Malta (ref Malta significant Wave Height Study prepared for the Malta
Maritime Authority in 2003 and Farrugia, R. N. & Scerri, E., (1999), “A Wind Resource Assessment
for the Maltese Islands’ , Institute for Energy Technology, M’ Xlokk, Malta)

The long term average NCAR wind speeds calculated at 10 m ranged between 5.75 m/s and 6.00 nvs.
(The closest NCAR data set to Malta showed a 10 m long term wind speed of 5.95 m/s). The Sikka L-
Bajdasiteislocated down wind in the prevailing wind direction of the Island of Ghawdex, which rises
to 150 m at the South-East, approximately 8 km from Sikka L-Bgjda. It can be assumed that some
shading will occur as a result and the wind speeds at Sikka L-Bajda will be lower than at the more
exposed NCAR nodes. Adjusting for the expected shading and extrapolating vertically using an
assumed wind shear exponent of 0.12. We estimate that the approximate wind speed at 70 m at Sikka
L- Bgjdais between 6.5 m/s and 7.5 m/s. (The European wind atlas predicts a wind speed range of
55m/s—7.0 m/sat 50 mand 6.0 m/s— 7.5 m/sat 100 m for this region).

We have assumed that the direction frequency distribution will be similar to the wind rose extracted
from the closest NCAR data node. We have assumed the Weibull distribution shape factor, k=2,
corresponding to a Rayleigh distribution. Thisisin good agreement with the distributions of the wind
statistics investigated. On the basis of these assumptions we have constructed 2 estimated wind roses
(6.5 m/sand 7.5 m/s) at 70 m height. A comparison of the wind rose recorded at Luga Airoprt for 12
months and the estimated long term wind rose at Sikka L-Bajda, based on the closest NCAR dataset is
shown in Figure A-1.
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Figure A-1: Wind roses

Synthesised site long term wind rose @ 70 m Luga Airport 12 month wind rose @ 10 m

A simple WASsP model was constructed using topographic data imported from the Satellite Radar
Topography Mission (SRTM) and estimated roughness lengths for land (Zo = 0.1 m) and sea
(Z0=0.0002 m). The estimated wind roses were imported in to the model and wind maps were
calculated to give an indication of the likely wind speed variation across the site. The results are
shown in Figure A-2 below.

Figure A-2, Approximate wind speed variation across site at 80m (using estimated
wind rose, 6.5 m/s @ 70 m)

6.4 m/s —-7.0m/s
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As expected, the results show a wind speed gradient increasing with distance from coast. The wind
flow model is approximate and based on very limited information and high level assumptions. The
predicted wind map is therefore indicative only.

24 9/6D Spacing Model (64.8 — 78 MW)

2.4.1 Layout and Installed Capacity

The windflow model was used to produce indicative layouts using 3 different turbine models. The
constructible area was restricted to sea depth lower than 30 m. For this model, we set the turbine
separation parameters at 9 rotor diameters in the prevailing direction and 6 rotor diameters in the cross
wind direction (9/6D spacing). These separation distances are typica for an offshore environment,
considering the estimated wind regime. A spacing of 9/6D is usually considered offshore due to the
wake effect experienced offshore. However, individua wind turbine manufacturers may recommend a
different spacing. With these restrictions in place, each layout has been optimised using WindPRO
software, by varying the array position and angles.

A summary description of each layout is given in Table 2-1 below.

Table 2-1 Description of Layouts (9/6D Spacing)

Turbine Model Siemens 3.6 Vestas V90 3 MW REpower 5M
Rating 3.6 MW 3.0MW 5.0 MW
Hub height 80m 80m 90Om
Rotor diameter 107 m 0m 126 m
No Turbines 18 26 14
Wind Farm Capacity 64.8 MW 78 MW 70 MW

The indicative layouts for each turbine model are shown in Figure A-1, Figure A-2 and Figure A-3
below:

2-6
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Figure A-1: Layout of 18 Siemens 3.6 MWs

Figure A-2: Layout of 26 Vestas V90 3 MWs
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Figure A-3: Layout of 14 REpower 5Ms

2.4.2 Estimated Energy Yield and Capacity Factor

The gross energy yield and wake losses for each layout have been calculated using the 2 estimated
wind regimes (6.5 m/sat 70 mand 7.5 m/sat 70 m), asshown in Table 2-2 below.

Table 2-2: Wake loss factors (9/6D Spacing)

WTG Type WTGs Wake |oss factor Wake |oss factor
at 6.5 m/s at 7.5m/s
Siemens 3.6 MW 18 91.0% 92.2%
Vestas V90 3.0 MW 26 90.2% 91.6%
RePower 5M 5.0 MW 14 93.9% 94.9%

A further reduction of 13% has been applied to account for further losses including turbine
availability, electrical efficiency, grid and substation availability. This loss factor has been estimated
based on our knowledge of other planned and operational offshore wind farms. The resulting
estimated net yield and capacity factor range for each of the three different turbine types is shown in
Table 2-3 below.
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Table 2-3: Estimated energy yield and capacity factors (9/6D Spacing)

WTG Type No. of WTG's Net Energy Yield Net Capacity Factor Range
Siemens 3.6 MW 18 132 - 168 GWhs 23.3% - 29.5%
Vestas V90 3.0 MW 26 143 - 183 GWhs 20.8% - 26.8%
RePower 5M 5.0 MW 14 149 — 190 GWhs 24.3% - 30.9%

2.5 8/5D and 8.5/5.5D Spacing Models (85 — 87 MW)

2.5.1 Layout and Installed Capacity

At the request of MRA, the windflow model was also used to produce indicative layouts using the
same 3 turbine models, but with the turbine separation parameters at 8 rotor diameters in the
prevailing direction and 5 rotor diameters in the cross wind direction (8/5D spacing.) A spacing of
8/5D was modelled for the Siemens turbines and the REPower turbines. However, as the capacity of
the farm was limited to 90 MW when using the available area to an optimum it was possible to have a
spacing of 8.5 rotor diameters in the prevailing direction and 5.5 rotor diameters in the cross wind
direction (8.5/5.5D spacing) for the Vestas V90 turbines. The constructible area was again restricted to
sea depth lower than 30 m. With these restrictions in place, each layout has been optimised using
WindPRO software, by varying the array position and angles.

A summary description of each layout is given in Table 2-4 below.

Table 2-4: Description of Layouts (8/5D and 8.5/5.5D Spacing)

Turbine Modéel Siemens 3.6 Vestas VI0 3 MW REpower 5M
Rating 3.6 MW 3.0MW 5.0 MW
Hub height 80m 80m 90m
Rotor diameter 107 m 0m 126 m
No Turbines 24 29 17
Wind Farm Capacity 86.4 MW 87 MW 85 MW

The indicative layouts for each turbine model are shown in Figure A-1, Figure A-2 and Figure A-3
that are shown below:

29
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Figure A-1: Layout of 24 Siemens 3.6 MWs

Figure A-2: Layout of 29 Vestas V90 3 MWs
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Figure A-3: Layout of 17 REPower 5Ms

2.5.2 Estimated Energy Yield and Capacity Factor

The gross energy yield and wake losses for each layout have been calculated using the 2 estimated
wind regimes (6.5 m/sat 70 mand 7.5 m/sat 70 m), as shownin Table 2-5 below.

Table 2-5: Wake loss factors (8/5D and 8.5/5.5D Spacing)

WTG Type No of WTGs Wake loss factor Wake loss factor
at 6.5 m/s at7.5m/s
Siemens 3.6 MW 24 87.4% 89.1%
Vestas V90 3.0 MW 29 88.8% 90.3%
RePower 5M 5.0 MW 17 92.1% 93.3%

Again, a further reduction of 13% has been applied to account for further losses including turbine
availability, electrica efficiency, grid and substation availability. The resulting estimated net yield
and capacity factor range for each of the three different turbine typesis shown in Table 2-6 below.
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Table 2-6: Estimated energy yield and capacity factors (8/5D and 8.5/5.5D Spacing)

WTG Type No.of WTG's Net Energy Yield Net Capacity Factor Range
Siemens 3.6 MW 24 169- 216 GWhs 22.4% - 28.5%
Vestas V90 3.0 MW 29 157 — 202 GWhs 20.6% - 26.5%
RePower 5M 5.0 MW 17 180 — 227 GWhs 24.1% - 30.4%

2.6 Estimated Installation and Operation Cost

2.6.1 Capital Expenditure: Capex

Market values for capex costs have been estimated by the German Wind Energy Institute (DEWI) to
be in the region of €1,250/kW to €1,800/kW. However, thisis widely considered to be a conservative
value and most offshore projects are showing capex costs greater than this figure. Recent experience
of capex for other offshore wind farm projects yielded figures nearer €3,000/kW installed capacity.

We consider €3,000/kW to €3,500/kW to be a reasonable approximation of capex based on current
market trends and a limited view of the general conditions at the proposed site and a lack of detailed
analysis. Whilst we acknowledge that the global economic downturn has reduced short term demand
in the WTG supply market, long term demand is not likely to reduce significantly and current levels of
WTG supply are not likely to increase until well after 2009. We therefore believe that the long term
trend will still be high demand versus supply and therefore it would not be prudent to deviate from the
current estimate for capex.

Recent falls in copper and steel prices will have some effect on overall capex costs and we
acknowledge the high percentage of steel used in aWTG unit. However, in our opinion this variation
will be encompassed within the €3,000/kW — €3,500/kW range. It is also hot certain whether WTG
manufacturers will necessarily pass on al or any of their cost savings resulting from cheaper
steel/copper when demand is still exceeding supply in the WTG market.

Furthermore, we believe that the specific risks and uncertainty of the issues at the proposed site will
have more of a bearing on the final capex figure than any short term benefits derived from the current
financial crisis.

Whilst Sikka L-Bajdais only afew kilometres from the Maltese coast and will use WTGs with alarge
capacity, it does exhibit a relatively low estimated capacity factor. The project will not significantly
benefit from economies of scale (being only 14-29 turbines) and may be subject to significant costs
associated with vessel availability. There may be an opportunity for the sharing of vessels with an
offshore wind farm planned for the Gulf of Gela, around 3 nautical miles off the Sicilian coast, which
could alow some saving on vessel costs. The project is sizeable, consisting of 115 WTGs of 3 to
5 MW capacity. Enel has completed the project design and submitted a request for an EIA. To provide
cost savings, it would require co-ordination between the two projects and for the timing of the
developments to be similar. As this is uncertain no savings have been factored into our capex
estimation, but the opportunity should be analysed further.
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In our opinion, taking all these factorsinto consideration, it is likely that the costs will be in the region
of €3,000/kW — €3,500/kW of installed capacity. In order to be able to accurately provide a detailed
breakdown of the costs we would need to conduct a more in depth study. However, recent experience
from offshore wind projects suggests that a breakdown of the constituent costs for capex islikely to be
in the region of the percentage ranges given in Table 2-7 below.

Table 2-7: Breakdown of capex

Component % of capex Comment

WTG 40-50 May be additional costs for supply of WTG’ sdueto
lack of production facility nearby, leading to
increased transport costs.

Foundations 20-30 Type of foundation yet to be determined.

Foundation installation 5-10 Methodology for foundation installation dependent

(including pre-drilling) on seabed conditions which are unknown.

Ship vessels - Included in cabling and foundation install ation costs.

Cabling, including 10-30 Dependent on required cable length and seabed

installation conditions. Short cable run to proposed site but

uncertain seabed conditions.

2.6.2 Phased Construction Capex

At the request of MRA, MML has considered the impact of building an offshore wind farm in two
phases. There are two main options for approaching this:

Option 1: design, civil and electrical work in 1 phase; turbine installation in 2 phases
Option 2: design in 1 phase; civil and electrical work, turbineinstallation in 2 phases

It is estimated that a mark up of 10% would be required for mobilisation and materials used in the
second phase. Overal, thiswould have the following effect on the capex of the project:

Option 1: Capex +3.8%

Option 2: Capex +8.0%

2.6.3 Operational Expenditure: Opex

The opex is composed of three main components: fixed WTG operations and maintenance (O& M)
costs, variable maintenance costs and cable and foundation mai ntenance costs.

O&M costs for offshore wind projects can often vary greatly due primarily to limited O&M
experience in this reatively young industry and to a number of influencing factors including
accessibility of site, effects of offshore environment, WTG reliability, contracted targeted availability
and the O& M philosophy being adopted.

Availability of vesselsis aso a crucial factor. For the short term costs associated with vessal supply
for O&M activities are likely to continue to increase until larger numbers of better equipped or
specialy tailored vessels become available.
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For any proposed offshore wind farm at Sikka L-Bajda, the relatively small number of turbines will
not lead to significant benefits from economies of scale and so O&M costs are likely to be higher than
standard.

A previous study undertaken by Mott MacDonad estimated indicative annual O& M costs for offshore
wind projects to be in the range of €77/kW- €87/kW installed capacity or €cents2.2/kWh -
€cents2.3/kWh generated. The latter cost range being linked to revenue, however, was calculated
based on an assumed capacity factor range of 40%-42% and since current estimates on the capacity
factor for an offshore wind farm at Sikka L-Bajda are relatively low at around 25%-30%, this cost
rangeislikely to be higher.

As an expression of cost per unit installed capacity, we would expect the opex to be in the region of
€77/KW - €87/KW per annum as predicted in our previous study.

2.6.4 Spinning Reserve

In addition to network reinforcement requirements, the addition of wind generation to the Malta power
system will have an impact on the mode of operation of conventional generation, since it will be
necessary to carry alarger amount of spinning reserve (SR) to deal with the fluctuations in the output
of the wind turbines. Carrying additional spinning reserve incurs costs as a consequence of the need to
operate conventional therma generation at lower capacity factors and efficiency. There is aso an
implied cost incurred by the need for more capacity in order to provide this level of spinning reserve.
These issues are a feature of renewable generation that is intermittent in nature. Nevertheless, with the
growing quantities of wind generation around the world, data is becoming available which permits
reasonably accurate predictions of the behaviour of wind generation.

() Impact of Wind Generation on Spinning Reserve

The methodology of assessing the impact of intermittency, the variability of wind generation when
applied to power systems, is based on a number of studies on European networks with a significant
penetration of wind power.

Analysis of the impact of wind generation in Malta is based on a methodology developed by David
Milborrow, [Milborrow, D., (Nov 2004), “ Wind Energy Variability: Small System Issues’ ] which has
been adapted for the local power system.

The principles and procedure underlying the methodology for assessing the impact of a variable source
such as wind-turbine generators are summarised bel ow:

Demand and |load forecast errors can be combined and modelled as a Gaussian distribution
with amean of zero, and a standard distribution that is a function of the time ahead.

Wind forecast errors can be modelled in asimilar way. It will depend on the amount of wind
and time ahead.

Combined error for eectricity systems with wind is established from a “sum of squares’
calculation.
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Spinning reserves are scheduled based on “3sigma’ criterion, athough some utilities use
“4sigma’.

Costs of reserves: Varies, depending on type, and between utilities, but most report valuesin
range € 3IMWh - € 6/MWh. That is separate from energy charge realised if it is actualy
used.

(i) Wind Generation Scenarios and Combined Uncertainty

The costs of providing spinning reserve for large wind projects are established for al six layout
scenarios. Taking the mean forecasting error as 12 MW at peak times and using the uncertainty of
wind generation as 16% of the installed capacity a combined level of uncertainty can be derived from
a sum of sguares calculation. It is recommended, for the purposes of costing the increase in spinning
reserve necessitated by the addition of wind generation, that peak and off peak hours are treated
separately and then combined to obtain the total cost. The mean spinning reserve level off-peak will be
higher than yearly average of 42 MW, hence this value is chosen for assessment purposes. This
procedure is valid given uncertainty in two quantities which are otherwise unrelated. The principal
influence on the magnitude of peak demand for electricity is ambient temperature rather than wind
speed, so this assumption is sufficiently valid for this application. Table 2-8 summarises the
calculation of combined uncertainty.

Table 2-8: Net Combined Uncertainty with Wind

Scenarios for Wind MW Peak/ Off- Load Combined SigmaMW
SikkalL-Bada Uncertainty Peak (target or MW
(at 16%) actual S.R.)
MW
18 Siemens 104 Peak 12 15.9 3.9
3.6 MW equating Off-Peak 42 43.3 13
to 64.8 MW
26 Vestas V90 125 Peak 12 17.3 5.3
equating to Off-Peak 42 43.8 1.8
78 MW
14 REPower 5Ms 112 Peak 12 16.4 4.4
equating to Off-Peak 42 435 15
70 MW
24 Siemens 138 Peak 12 18.3 6.3
3.6 MW equating Off-Peak 42 44.2 2.2
to 86.4 MW
29 Vestas V90 13.6 Peak 12 18.1 6.1
egating to 87 MW Off-Peak 42 44.2 2.2
17 REPower 5Ms 13.9 Peak 12 184 6.4
equating to Off-Peak 42 44.3 2.3
85 MW
2-15
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(iii) Increase in Spinning Reserve Required by Addition of Wind Generation

In order to obtain a high level of confidence, better than 99%, in the predicted combined uncertainty,
the sigma value should be multiplied by 3 or 4, in order to assess the desired increase in spinning
reserve.

It is proposed to use a “3-sigma’ value, reflecting the approximate nature of the data which does not
warrant the unnecessary precision implied by a choice of “4-sigma’.

(iv) Costs of Reserves

The cost impact of providing additional spinning reserve to support the introduction of a large
windfarm onto the Malta power system is summarised in Table 2-9.

Table 2-9: Costs of Providing Spinning Reserve for Wind Scenarios

Scenario Capacity Peak/ Off-  3*Sigma Cost p.a Tota Cost
MW Peak MW (€) (€)

18 Siemens 3.6 64.8 Peak 11.6 88,439 290,757

MW Off-Peak 38 202,318

26 Vestas V90 78.0 Peak 15.9 121,781 413,027
Off-Peak 54 291,246

14 REPower 5Ms 70.0 Peak 13.2 101,183 336,703
Off-Peak 4.4 235,520

24 Siemens 86.4 Peak 18.9 144,529 500,219

3.6 MW Off-Peak 6.7 355,689

29 Vestas V90 87.0 Peak 18.4 140,666 485,199
Off-Peak 6.4 344,533

17 REPower 5Ms 85.0 Peak 19.1 146,193 506,714
Off-Peak 6.7 360,521

The cost of spinning reserve has been taken from the report issued in 2005 from MML to the MRA,
which used details provided by Enmalta. The calculations assume a peak spinning reserve cost of
€7,640/MW and an off-peak spinning reserve cost of €53,490/MW. These costs are incurred solely as
a consequence of increased part-load running and lower efficiency. Expressed as cost per unit of wind
generated energy, these values are small from €¢0.17/kWh to €¢0.31/kWh.

2.6.5 Developer Profit Margins

Based on normal business practice, MML assumed that project developers would look for a profit
margin of around 15% when developing renewable energy projects. This aso correlates with MML’s
experience in renewable projects. Therefore, 15% needs to be added to the offshore wind farm costs in
order to assess the overall cost to the Maltese government.
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2.7 Planning Issues and Other Risks

In the absence of detailed and site specific studies we cannot comment at this stage on the suitability
or otherwise of the Sikka L-Bajda site.

The Framework Directive applicable to the project regarding environmental assessment is European
Council Directive (CD) 97/11/EC (amending CD 85/337/EC) on the environmental assessment of the
effects of certain public and private projects on the environment. It establishes the procedures that
must be followed for certain types of project in order for development consent to be granted. Wind
farms are included in Annex Il of CD 97/11/EC, for which the requirement for environmental
assessment is subject to a case by case examination or thresholds set by the Member State. The most
recent amendment was done to reflect the requirements of the Arhaus Convention on the provisions
for pubic participation to ensure public participation in decision-making and access to justice in
environmental matters. In order for Mott MacDonald to be able to make a more detailed assessment
of the risks associated with planning related issues and other risks, we would need to collect more
specific information in a number of key areas. However, we can anticipate that typical planning issues
and environmental sengitivities might include:

2.7.1 Landscape and Visual and Impacts

Landscape and visual impacts are less prominent in offshore wind projects. However, given that parts
of the proposed wind farm may only be 1 km from the coastline of Malta there may need to be further
study into the potential visual impact it could have. The areas facing the location of the proposed wind
farm are not densely populated. The city of Bugibba is located to the southeast but this is deemed too
far away asto be impacted visualy.

2.7.2 Noise Impacts

Given the offshore location of the proposed site for the wind farm, noise is not expected to be a
significant issue for the project. Operational phase noise (above sea) resulting from the turbines is not
expected to be an issue for the project. Construction phase noise may be more significant but this will
only be for a limited duration. The minimisation of such noise disturbance associated with the
construction phase should be part of an environmenta management plan and as such will be
manageable should the project go ahead. Particular attention should be paid to the impact of
operational and construction noise to sea mammals and other marine species.

2.7.3 Protected areas

There are two Ramsar sites in Malta. Both are wetland and are designated in recognition of their
international importance as wetland areas. They are vital to migrating waders, waterfowl, herons and
other waterbirds which use the reserves as a resting refuge during their long journeys between
breeding and wintering grounds. The reserves are key breeding sites for several species that breed
nowhere elsein Malta. These sites are located on-shore approximately four km to the southwest of the
area of the proposed wind farm. The operation and construction of the proposed wind project site will
need to be assessed for any potential impact on bird migratory corridors and mortality. Site specific
studies may be required in order to mitigate this as a project risk. In some instances seasonal
constraints may be imposed on construction works due to the presence of migratory birds in close
proximity to the works,
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2.7.4 Ecology

The effects of large scale offshore wind farms on bird populations have not yet been established and
therefore the impacts are not fully understood. EIA studies on the effects of the development on the
region’s ecology will include disturbance to local bird populations, impacts on foraging and resting
seabirds. Appropriate warning systems (including red lights on the rotor blade tips, fluorescent rotor
blade parts or sound signals) may be required if, after monitoring, it appears that the number of rotor
blade collisions prove to be significant.

2.7.5 Marine Flora and Fauna

The effects of the project on marine flora would be assessed as part of an EIA. A pre-construction
survey of florawithin the zone and along any subsea cable route should be undertaken prior to ground
breaking in order to determine the existence of species of conservation interest and the need for
mitigation measures. Project impacts on subsea fauna would be further evaluated including a pre-
construction assessment to be completed prior to ground breaking.

There is potential for negative impacts upon marine mammals resulting from seismic survey work
carried out prior to a construction phase. Pile driving activities during construction, particularly
associated with the ramming of monopile foundations with hammers, will generate an increase in
underwater sound and vibration with negative impacts upon mammals. ‘Pingers can be used prior to
such activities in order to facilitate the retreat of mammals from the area. Pingers are acoustic devices
that send sound waves through water that effectively deter the mammals. In addition, the pile driving
activity can be slowly intensified, or ramped up, to protect mammals from exposure to excessive noise
levels close to the foundations. Post mitigation, the overall effects of the construction phase on marine
biota are deemed to be slightly negative.

The presence of wind turbines may discourage certain sea mammals from the area; however, the
possibility also exists that other species could be attracted into the area. It is also anticipated that
annual preventive maintenance activities will have a disturbing effect on sea mammals, although this
effect is likely to be minimal. Appropriate mitigation measures would be assessed to fit the specific
needs of the project.

2.7.6 Onshore Flora and Fauna

Onshore impacts associated with the cabling are subject to local legislation and will be determined by
the specific locations of the onshore installations associated with the development such as onshore
cabling works. Where possible the onshore cabling along should be routed along pre-existing cable
routes in line with good environmental practice in order to reduce the environmental impact of any
onshore works. There are two wetland nature reserves which are also designated as Ramsar sites. Itis
anticipated that any onshore works would avoid these areas where possible. A full assessment of
onshore ecology and the impacts of any development on the onshore flora and fauna would be
assessed as part of the EIA.
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2.7.7 Morphology and Hydrology

In projects such as these changes in the seabed morphology and hydrology can occur as the result of
the construction and installation of the foundations of wind turbines and subsea cables. Impacts of this
nature are often highly localised and directly associated directly with the structures. Larger scale
effects upon regional sedimentation patterns and coastal morphology should be assessed. Deposition
of dredged material during the construction phase of the development will need to be managed.
However, if foundations are be monopiled, surplus material is largely likely to occur as a result of
cable laying and quantities and impacts will not be deemed significant.

2.7.8  Cultural Heritage

Sites of cultural heritage significance associated with offshore wind farms include shipwrecks which
are can be internationally and nationally designated as protected sites. If any lie within the boundaries
of the proposed wind farm or on the cable routes there may be potential planning approval problems.
A full cultural heritage survey would reveal the locations of all sites and enable any routing changes to
be implemented.

2.7.9 Communications

Interference of communications can occur as a consequence of rotation of the blades. Due to the
location of the Project, the main effects of concern relate to interference with shipping
communications. Such effects should be evaluated in further studies as should effects upon coastline
radar systems.

2.7.10 Timescales for Deployment and Delay Risks

Current estimates for taking an offshore wind project from inception to completion are approximately
4 years.

There are a number of issues that could affect the completion date of an offshore wind project during
the construction phase and it is necessary to build awell thought schedule which allows for reasonable
floats and considers the specific techniques and installation methodol ogies chosen for the project.

It is essential to carefully consider weather conditions when planning an offshore wind farm. It is
important to schedule offshore works for the fine weather months where possible and aso to
acknowledge that if works dlip into the winter month then delays will likely be extended due to
increased weather downtime.

Typicaly, the availability of installation vessels can be a major cause for delays to the overdl project
schedule and have ensuing financial implications. There are currently limited vessels suitable for
offshore wind farm installations that are affordable, experienced and capable. In addition as turbine
size increases, construction class vessels are being used for maintenance of existing wind farms,
further increasing the demand for these vessels. As such securing vessels well in advance of
construction is imperative.
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We have seen in other offshore wind projects that cable installation and buria has proven to be a
challenging aspect and has been a major contributory factor to late project completion. The cable
protection and burial dept should be clearly identified together with the burial methodol ogy.

Finally, we believe that the offshore wind supply chain should be considered as a minor concern since
we have seen that the overall slowing down of authorization process for this type of project, allowing
manufacturers to cope with industry bottlenecks. Nevertheless contractors should be encouraged to
compl ete the project on time through an appropriate bonus/liquidated damages contractual scheme.

Following completion, there are further operationa risks that may affect the performance of the wind
farm. With consideration these can be mitigated during the planning stage, but strong project
management organisation and experienced contractors will be required to make sure the find
operational output of the wind farm is as high as possible given the local conditions.

2.8 Conclusion

We have conducted a high level review of the feasibility of the development of an offshore wind farm
at Skka L-Bajda. We have extended the constructible area to include sea depths up to 30 m using
information approximated from a local maritime map. Using the limited wind data available in the
region we have estimated the wind climate across the site and have calculated indicative capacity
factors for preliminary layouts for 3 different wind turbine models, based on two different turbine
spacing densities. The capacities range 64.8 MW to 78 MW for the larger spacing and from 85 MW
to 87 MW for the smaller spacing. We have presented suitable capex and opex assumptions that can be
used to evaluate the financial feasibility of the layouts.

Our findings suggest that the wind speeds are lower at Sikka L-Bgjda than we have seen at other
offshore wind farms currently in development in Northern Europe. The constructible area limits the
size of an offshore wind farm to modest capacity. Capex and opex costs projections are high for the
offshore wind industry suggesting that a sizable tariff would be required in order to make an offshore
wind farm economic in thislocation.
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3 Development of Energy Production from Photovoltaic Devices

3.1 Introduction

Our technical evaluation includes an assessment of the likely total energy yield from the installation of
photovoltaic (PV) technology. Thisis a high-level assessment based on roof/land area data estimated
by MML inits earlier report (2005), public domain information and MML in-house databases.

We also include a high level estimate of the cost, time required to develop schemes and key risks:
planning, environmental and other risks for the chosen projects.
3.2 Estimated Installed Capacity

The potentia rooftop area available to install PV modules as determined from the previous study by
MML in 2005 isoutlined in Tale 3-1. Itislikely that thisis still the case, although further studies may
be needed.

Table 3-1: Potential Rooftop area (m?) for PV

Building Type/Y ear 2010 2015 2020
Domestic 2,536,658 2,649,073 2,761,488
Industria 3,990,840 4,459,710 4,928,580
Commercia 1,421,863 1,617,688 1,813,513
Others 208,800 208,800 208,800
Tota 8,158,161 8,935,271 9,712,381

In our previous analysis in 2005, MML used the above figures to estimate the PV potential in Malta.
This provided an estimated PV capacity of 1,147 MWp with an energy yield of 1,724 GWh by 2020.
MML has now refined the previous estimations using the rationale provided below.

A typica rooftop PV system comprises of multiple rows of panels. The spacing between them is
designed to minimize the loss of energy due to shading from adjacent rows and hence the available
rooftop areais derated by afactor called the Ground Cover Ratio (GCR) defined as the ratio of the PV
array areato the total ground area. It isafunction of the PV array tilt angle and the sun angle. MML
estimates a GCR of 37% based on a 15&sunangle in December for Malta. The potential PV areais as
outlined in Table 3-2.

Table 3-2: Potential PV area (m?)

2010 2015 2020
Total rooftop area (m°) 8,158,161 8,935,271 9,712,381
GCR 37% 37% 37%
PV area(m?) 3,018,520 3,306,050 3,593,581
31
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3.2.1  Planning Issues and Other Risks

This section summarizes some of the key issues and risks associated with the exploitation of the PV
resource potential in Malta. These were discussed in the earlier study by MML in 2005 and it appears
that they dtill prevail.

High capital costs may be the most significant potential barrier to investment in PV. The other major
issue would be to obtain the required planning permissions to install PV on rooftops and building
facades especialy if the building is of cultural and/or historic importance as it may require an
alteration of the fabric of the building.

Visua and urban landscape (townscape) impacts are a potential issue in some locations, including
areas protected by cultural and historica designations. Visual appearance may be a planning
consideration to ensure that PV modules are not detrimental to the attractiveness of an area. The
installation of PV modules can lead to reflective glare. Sympathetic design and careful siting of PV
modul es within an urban environment can mitigate glare and visual or cumulative impact.

The shortage of land in Malta may increase the requirements to build taller buildings reducing energy
output (due to increased shading losses). It may also make some rooftops unsuitable for PV. Also
many roofs have dual purposes which will reduce the area digible for PV. Shared ownership of
rooftops for apartments may also be an issue. Hence it is essential to collect more accurate data with
regards to the actual rooftop area that could be used for installing solar modules.

3.2.2 PV Capacity Scenarios

A typical grid connected PV system with silicon crystalline modules of 12% - 14% efficiency
occupies 7 m?/kWp of installed capacity. Based on the total estimated area available to install PV
panels as calculated above, theoretically Malta has a potential to install 431 MWp of PV. However,
allowing a year's time for creation of public awareness and support for PV, construction and the
removal of some of the present planning and legidative barriers, it is reasonable to consider that
energy will not be generated from this additional PV until 2010. Furthermore, the planning issues and
other barriers described above will make it very difficult to realise thislevel of penetration.

Based on the previous study, MML suggests that a plausible rate of penetration for PV in Malta may
be between 40 to 80 rooftops per year, each of 3 kWp. This is higher than the European average
considering that the Maltese Islands have one of the highest solar radiation indices in Europe, (Suri et
a, 2004). It is assumed that systems installed in 2010 are treated as demonstration projects to which
combined with education campaigns are assumed to be capable of improving public acceptance of PV
in the interval 2010 to 2020, thereby increasing the penetration levels by approximately 20% each year
until 2020. These result in a minimum penetration capacity of 3.85 MW by 2020. Thisis considered as
the low scenario.

MRA also proposed a mid penetration scenario of 100 MW PV capacity by 2020. This has been used
for the comparison of different options (see chapter-5). The installed capacity under each of the three
penetration level scenarios are summarised in table 3-3.
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Table 3-3: Potential PV capacity in Malta

Capacity 2010 2015 2020
scenario (MW)

H 431 472 513

M 5 45 100

L 0.12 1.19 3.85

3.3 Estimated Energy Yield Analysis

3.31 Irradiance Data

Irradiance is a measure of the electromagnetic radiation hitting a surface. Irradiance varies throughout
the course of aday aswell as seasonally. The lowest values are recorded at the extremities of the day
and increases until the middle of the day (assuming no cloud cover). Seasonal variations mean that the
highest values of irradiance are recorded in the summer. The irradiance is usually averaged over a day,
month or year to predict the performance ratio and energy yield of the plant. The irradiance can be
measured by weather stations using a pyranometer or from satellite data and is usually recorded as
Global Horizontal Irradiance (the amount of sunlight that falls on a 1 m® horizontal area). The
Irradiance in the inclined plane (30 ° considered for Malta) can also be measured or caculated from
the horizontal values.

Table 3-4 below outlines the irradiance data for Malta obtained from Meteonorm and PV GIS
software. PV GIS is a solar radiation database developed from climatologic data homogenized for
Europe. Meteonorm is a database of weather statistics and uses a 10 year average of global irradiation
based on a weather station close to the project site. MML would recommend the use of this data for
European PV projects and has used the same for yield calcul ations.

Table 3-4: Irradiance data for Malta (Valletta city, Lat 35°49’: Long 14°31’)

Criteria Meteonorm PV GIS
Global Horizontal (kWh/m2) yr 1,894 1,765
Global Inclined at 30° (kWh/m2) yr 2,131 2,000

3.3.2 Standard Test Conditions (STC)

Performance data given by the manufacturer isonly valid for certain test conditions which are given in
Table 3-5 below. The power output at STC is known as the nameplate power or installed Watt-
peak (Wp).
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Table 3-5: Standard Test Conditions

Criteria Condition
Irradiance 1000 W/m?
Spectrum AM 1.5G (43.5° incident angle)
Angle of Incidence 0°

Cell Temperature 25°C

STC uses a spectrum which is typical for spring and autumn, an operating temperature that might be
achieved in winter and irradiance typical for summer. These conditions are smulated in a laboratory
over a short period of time. The actual site conditions at the panel surface will differ from the
laboratory conditions (and will also differ continuously throughout the day) and can affect the
performance of the pandl. It is important to use a consistent performance indicator benchmarked to
STC throughout the industry in order to make meaningful comparisons.

Additional losses are also experienced when converting the DC power produced to AC power for
export.

3.3.3 Performance Ratio (PR)

The performance ratio PR of the plant which is a measure of both the performance and the efficiency
of the ‘on the ground’ equipment, and is defined below:

R= real _energy
theoretical _energy

It quantifies the overall effect of losses on the rated output due to inverter inefficiency, AC/DC wiring,
mismatch and other |osses when converting from DC to AC power. It aso includes losses due to PV
modul e temperature; incomplete use of irradiance by reflection from the module front surface, soiling
or snow, system down-time and component failures.

Higher the quality of the panels and system, higher is the performance ratio. MML estimates of the
losses that would be associated with the Grid Connected PV installations in Malta are given below in
table 3-6.
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Table 3-6: PV system losses considered for Malta

Type of Losses (Annual) Malta
Shading 3%
Spectrd 1%
Angular 3%
Low Irradiance Performance 2%
Temperature Losses 5%
Missmatch 2%
Ohmics, DC 1%
MPPT Performance 1%
AC/DC Performance of the Inverter 4%
AC/wiring 1%
Dust 1%
Availability 2%
PR*= 76.8%

PR = (1-spectral 1oss)* (1-shading loss)* (1-availability)

3.3.4 Annual Yield
The annual total electricity output from the PV installed in kWh has been calculated as:
E = H* Pk*PR
Where: E = annual total electrical output from the PV installed in kWh
H = annual irradiation on the tilted (30°) PV modules facing south in kWh/m?
Pk = peak power installed over the relevant areain kWp
PR = Performance ratio of the system

The energy yield for 25 years of operation has been calculated using a degradation of 0.8% in the first
year and 0.5% per year for every subsequent year for the silicon panels. Table 3-7 indicates the
energy yield from the potential PV system in Maltafor the three different capacity scenarios.

Table 3-7: Electrical output from potential PV system under three capacity
scenarios (GWh)

Capacity 2010 2015 2020
scenario

H 699.7 752.4 800.4
M 8.12 72.8 160.4
L 0.19 1.93 6.21

The above yield cal culations have been carried out based on the following assumptions:
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Units are free of shadowing from external objects and free of mutua shadowing from
neighbouring units.

All units have an inclination of 30° and are facing south.
DC wiring, AC wiring, and inverter |osses remain inside the limits given.

In our previous analysis in 2005, MML estimated a PV capacity of 1,147 MWp with an energy yield
of 1,724 GWh by 2020. Our updated analysis estimates alower PV potential, as shown above.

34 Estimated Cost

From its recent experiences in the PV sector in Europe, MML suggests a capital cost of €6/Wp
(excluding VAT) for grid connect PV systems without trackers. These costs are consistent with the
figures from IEA PVPS report (2007) that are outlined in.Table 3-1 Figures available in US Dallars
are converted to Euros using the reference exchange rate of $1.36/€.

Table 3-1: Cost of PV system

$'Wp €Wp % of total cost

Crystalline Modules 4.5 33 55%
Inverter 10 0.7 10%
BOS including engineering, structure, labour and 25 1.9 35%
wiring costs

Tota System 8.0 59 100%

Source: http://mwww.iea-pvps.org/products/download/T2_Cost_and_Performance.pdf

Operation and maintenance costs for a fixed installation system are estimated by MML to be between
€0.01/ kWh and €0.1/kWh of electricity production. A median level of €0.05/kWh is used to estimate
the opex for PV system in Malta.

The IEA report suggests that the PV system costs have reduced over the past years. Reduction in cost
of al the components of a grid-connected system — modules, inverters and BOS (Balance of systems),
have contributed to the lower system costs. A recent publication by the EU PV technology platform
estimates the PV system costs to reduce by an average of 5% per year until 2020 and this figure has
been widely used in other publications. Advances in PV technology could further reduce the system
costs. However these will require a period of demonstration in order to develop a track record and
make the products marketable.
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3.4.1 Spinning Reserve and Peaking Capacity Offset

It has been suggested that some cost saving should be applicable if Malta develops its PV capacity
because the timing of PV generation coincides with Malta's peak in demand — which is during the
daytime hours of the summer months. In a market situation where peaking generation is more
expensive than baseload generation, this may indeed allow some saving to be made. However, in the
case of Malta it is not clear whether there is a significant cost difference between peaking and
basel oad generation. Furthermore, by assuming that no spinning reserve is required to back up the PV,
the PV capacity is already assumed to be equal to the same capacity of conventional generation being
added to the Maltese network. Therefore, no cost savings due to the timing of the PV generation have
been incorporated into our analysisin this report.

3.4.2 Developer Profit Margins

Based on normal business practice, project developers would look for a profit margin of around 15%
when developing renewable energy projects. This also correlates with MML’s experience in
renewable projects. Therefore, 15% needs to be added to the PV costs in order to assess the overall
cost to the Maltese government.

3.5 Economic benefits

The photovoltaic industry is labour intensive industry and therefore it offers economic advantage by
creating more jobs per Euro invested in other conventiona electricity generation technologies. A
recent study’ estimates that 20 manufacturing job-years and 13 installation job-years are created for
each Mega-Watt (MW) of solar panels installed. Installation and maintenance jobs are local jobs
and this implies that the most of the energy Euro investment flows back in the economy. Malta
could also decide to build a module manufacturing facility thus creating even more jobs.

Solar energy also creates a large number of indirect jobs. Statistics show that for every job created by
the PV industry, between 1.8 and 2.8 jobs are created in other segments of the economy. European PV
employment data estimates ajob creation of 28 job-years per MW.

This would however require skilled workforce which could be developed by introducing solar energy
in the academic curriculum, conducting vocational training and workshops on Photovoltaics.

3.6 Conclusions

With good annual solar irradiation levels and large roof space available for PV ingtallation, Malta
possesses tremendous potential for PV. However, this could be greatly limited by the costs and will
require supportive legidations and planning process

The domestic rooftop area available for PV is 28% of the total rooftop area in Malta. The generating
capacity for these rooftops is currently limited to 3 kWp each. MML suggests that Mata's PV
strategy should focus on the industrial and commercial rooftops which constitute 70% of the potential
PV areain Malta.

! George Ban-Weiss et al., (2004) “Solar Energy Job Creation in Californid’, University of California at Berkeley
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The potentia installed capacity (MWp) and electricity output (GWh) for Malta under three different
scenarios for the level of penetration are summarised in table 3-9.

Table 3-9: Penetration levels for PV in Malta

Scenario 2010 2015 2020
PV capacity (MWp) H 431 472 513
M 5 45 100
L 0.12 1.19 3.85
Energy Output (GWh) H 699.7 752.4 800.4
M 8.12 72.8 160.3
L 0.19 1.93 6.21

Achieving the above penetration levels would depend on government support and on the willingness
to pay of potential buyers of PV.

The mid penetration scenario of 100 MW PV capacity by 2020, as proposed by MRA, has been used
for the comparison of different options (see chapter-5). Maltawould need to develop an aggressive PV
strategy by reducing barriers and devel oping supportive policies to encourage PV penetration levels of
100MWp by 2020 with distinctive focus on the non-residential rooftop areas. A 100 MW capacity
target for PV in Malta will generate 160.3 GWh of electricity. Such an aggressive strategy would
create more jobs thus having a positive economic impact.
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4 Other Options to Meet EU Renewable Obligations

4.1 Introduction

This section looks at alternative options that Malta can use to contribute toward their 2020 renewable
energy target set under the EU, other than generating renewable energy within the country.

The three options considered are:
purchasing green certificates via Statistical Transfer;
purchasing green electricity from mainland Europe; and

investing in European renewabl e projects via the Joint Projects mechanism.
411 Policy context

(1) January 2008

In January 2008, the European Commission (EC) published the “Proposal for a Directive of the
European Parliament and of the Council on the promotion of the use of energy from renewable
sources’. This set out plans for meeting an EU-wide 20% by 2020 renewables target across Member
States. It introduced the term ‘Guarantee of Origin’ (GoO). A GoO is defined as "an electronic
document which has the function of providing proof that a given quantity of energy was produced
from renewabl e sources’.

The proposal stated that one Guarantee of Origin (GoO) will be issued for each 1 MWh of electricity,
heating and cooling produced from renewable energy sources of capacity over 5 MWh in Member
States. GoOs will beissued, transferred and cancelled electronically, and will specify:

the energy source it was produced from, and its start and end date of production;
whether it relates to electricity or heating/cooling;

information on the installation where the energy was produced,;

the date and country of issue, and a unique ID number; and

the amount and type of investment aid given to the installation.

At this stage, the draft Directive stated that al Member States must recognise GoOs from other
Member States. The intention was to allow transfer of GoOs out of Member States but only where the
share of energy from renewable sources in the supplying country aready equals or exceeds the
indicative trgjectory towards their target. Member States would also be alowed to set up a prior
authorisation system, so that GoOs could not be transferred out of the country unless they have
express permission from the supplying country government. Additionally, only GoOs from
installations that were commissioned after the date of entry into force of the Directive would be
eligiblefor transfer.
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(i) December 2008

In December 2008, arevised draft text of the EU Directive on the promotion of the use of energy from
renewable sources was agreed by the European Parliament. The policy has moved away from
discussion on the trans-boundary transfer of GoOs. GoOs will still be issued for accounting purposes,
but several flexibility mechanisms have instead been introduced for transferring renewable energy
credits across borders.

The first mechanism is called * Statistical Transfer’ (Article 7 of the consolidated text). This
allows for the transfer of renewable energy to be deducted from one Member State’ s account
and added another Member State’s account. Both countries must agree to the trade and the
EC must be notified. Only countries that are meeting their own nationa targets are allowed
to make a Statistical Transfer to another Member State.

The second mechanism is to develop ‘Joint Projects between Member States (Article 8 of
the consolidated text). This is where two or more EU countries develop a renewable energy
project together. Again, the EC must be notified, including of the amount of renewable
energy to be regarded as counting towards a different country’s target to that where the
project is hosted.

The Directive also allows Joint Projects to be developed by Member States in countries outside of
the EU (Article 9 of the consolidated text). The only difference is that the electricity generated
must be physically consumed within the EU.

The third mechanism is to develop ‘Joint Support Schemes'. This allows two or more
Member States to join or partly coordinate their national support schemes. In this case,
renewable energy produced in one of the countries may count towards the national overall
target of another participating Member State. Again, this must not affect the ability of the
countriesinvolved to meet their EU renewable obligations.

The three options available to Malta that are considered in this chapter all derive from the above
mechanisms.

(iii) Future developments

The text of the Directive has not yet been submitted to the Council of the European Union for
adoption, and must first be submitted to legal and linguistic review. However, our analysisis based on
the Directive text as published by Brussels on 11 December 2008 (the consolidated draft text) and the
corresponding European Parliament | egidlative resolution of 17 December 2008.

Once the Directive has come into force, Member States will be required to adopt a renewable energy
action plan setting out how their country’s target will be fulfilled. This must be sent to the EC by 30
June 2010. Additionaly, Member States must provide the EC with a forecast indicating the expected
excess or shortfall in domestic renewable energy generation up to 2020 in relation to their targets. This
will enable the EC to evaluate the projected level of transfer of renewable energy credits via the
flexibility mechanisms between countries. The forecasts must provisionally be submitted by 1
December 2009.
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4.1.2 European Renewable Energy Market

MML considers Germany, Italy, Spain, Sweden and the UK as five of the biggest renewable markets
inthe EU. All of them have a successful support scheme in place which gives sufficient incentives for
investors. A distinction is drawn between price based instruments (‘feed-in tariffs’) and
guantity-based instruments (‘ quota systems’) which almost always go aong with a tradable
certificate scheme. While Germany and Spain have successfully implemented a tariff-based support
scheme, the UK, Italy and Sweden have decided for a certificate trading scheme. An overview of the
features of each country’ s support schemeis givenin Appendix A .

Depending on the resources for the different renewable technol ogies, each country will have to define
its own strategy to meet the EU 2020 target. This again influences the renewable energy generation
costs for each Member State and consequently the cost for Malta when buying renewable electricity
from these countries. Table 4-1 below displays the projected renewable energy mix for the major
markets in 2020. As it becomes obvious the magjor contribution has to be achieved by hydropower
plants as well as wind power. In terms of the capacities which is needed to be built up in addition to
the current renewable capacities hydropower will play a minor role as most of the resources for
hydropower are aready utilised.

Table 4-1: Projected renewable energy technology mix in the major markets in 2020

Germany Italy Spain Sweden UK
Biogas 7% 5% 3% 1% 5%
(Solid) Biomass 16% 1% 3% 5% 7%
Biowaste 2% 1% 1% 2% 2%
Geothermal Electricity 0% 6% 0% 0% 0%
small-scale Hydro 5% 12% 3% 3% 1%
large-scale Hydro 7% 46% 37% 76% 4%
Photovoltaics 1% 0% 3% 0% 2%
Solar thermal eectricity 0% 0% 5% 0% 0%
Tide & Wave 0% 0% 1% 0% 0%
wind onshore 27% 29% 43% 12% 24%
wind offshore 35% 0% 1% 1% 55%

Source: Green X

Having defined the major renewables markets the following section will review the current draft of the
EU Renewables Directive, supporting documentation, and the views of key stakeholders on the final
policy outcomes. Thereafter three options will discuss how Malta might meet its renewable target
without the installation of renewable power plants within the country.

4.2 Statistical Transfer

One option to increase Malta's renewable generation mix from outside the idand is through the
Statistical Transfer mechanism. Statistical Transfer would be similar to a tradable certificate scheme,
whereby the benefit associated with renewable eectricity generation can be sold separately to the
energy. The energy itsdf is traded and consumed locally against common tariffs, while the surplus
value is reflected in the price for the transfer of the renewable energy credit. This price will be
determined by open market forces.
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Based on the draft Directive text, Statistica Transfer can be undertaken if there is a bilateral
agreement between willing Member States. The selling country must be meeting its own national
targets before it can undertake a transfer.

If Malta chooses to negotiate a Statistical Transfer, the following main steps would need to be taken.
1. Identify country meeting and exceeding its renewable targets
2. Government to government negotiation and agreement on quantity and price
3. EC notification of intention to undertake a Statistical Transfer

4, Activate Statistical Transfer

4.2.1 Qualitative Analysis

Prior to the publication of the revised draft Directive in December, it was unclear whether cross-border
trading of renewable energy credits would be an option available to Malta under the final Directive. In
order to assesitslikelihood, MML undertook a stakeholder analysis, which is provided in Appendix A

Following publication of the revised draft Directive in December, it is clear that cross-border trade
will be alowed via the Statistical Transfer mechanism. The key issue now is whether any excess
renewable energy credit will be available for transfer, and whether Member States will be willing to
sell it to other Member States if so. MML has therefore reviewed the position of the Member States
towards a cross-border trading of renewable energy credit, as well as their reaction to the new 2020
targets and whether they are easily achievable within the country. This will help infer whether they
will be apossible Statistica Transfer source for Mata.

The UK Government recognises that some flexibility in reaching the targets through cross border
trading will be necessary and it estimates that such a scheme will reduce the country’s compliance
costs by 30%. However, they are also concerned that this does not undermine efforts to increase
renewable generation domestically. The UK Government is currently consulting on a new UK
Renewable Energy Strategy. The consultation document® proposes limiting import of renewable
energy credit to a specified portion of the UK’s target, requiring that the remaining significant
proportion is met domestically. The final Strategy is due to be published in Spring 2009.

Our analysis suggests that the UK will be supportive of the Statistical Transfer mechanism, but that it
will need to buy rather than sell renewable credit through it. It also appears that Italy may struggle to
exceed their targets, and therefore may also be a buyer rather than supplier.

BERR (June, 2008). UK Renewable Energy Strategy: Consultation.
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Germany is one of the countries more likely to reach and exceed its renewables target under the
Directive. According to a statement by the @erman Federal Ministry for the Environment, Nature
Conservation and Nuclear Energy©(BMU) on the EU Renewables Directive, Germany aims to
maintain national support schemes for renewable energies rather than support a pan-European
certificate trading scheme. However, they do agree with restricted cooperation measures in order to
allow countries with insufficient renewable potential to meet their targets while avoiding unfairly high
renewable energy generation costs. Germany is also in a good position to meet its EU renewable
energy target and interim targets. Therefore, it is assumed that Germany may be a possible option for
Maltato negotiate a Statistical Transfer with.

It seems likely that Spain will also meet its renewables target for 2020 and meet its required trajectory
in the interim. Austria, Portugal and Estonia are also considered likely to meet their targets, and
therefore possible Statistical Transfer sources

Sweden should be able to meet their EU imposed targets and in fact have demonstrated intention to
exceed these targets. They do also appear to be supportive of the EU countries that exceed their
individual renewable target being able to sell the premium to an EU member country that is struggling
to meet its own target. It is also considered likely that Sweden will take advantage of the Joint Support
Scheme flexible mechanism set out by the EU Directive. This alows two or more Member States to
join or partly coordinate their nationa support schemes and the Scandinavian countries may well
adopt this approach. However, Denmark and Finland are considered likely to exceed their 2020
targets, so this may not prevent the opportunity for Statistical Transfer to Malta.

There are also several other countries that are more likely to exceed their 2020 targets, for instance,.

In summary, it appears that there should be some opportunity to negotiate Statistical Transfers, due to
a number of countries, including Germany, Spain, Sweden, Denmark, Finland, Austria, Portugal and
Estonia being likely to meet and exceed their targets. However, it is intended that the targets are
challenging, or *ambitious but achievable’, so the availability of excess renewable energy credit will
inevitably be limited. Additionally, there will be competing demand from other countries that are also
likely to struggle to reach their targets, such as the UK and Italy. These will provide competition to
Maltafor and could therefore keep prices per MWh for Statistical Transfers high.

4.2.2 Quantitative Analysis

In order to compare the Statistical Transfer option financially with the other options available to
Malta, MML has analysed the possible cost for purchasing renewable energy credit. Based on the
reasons discussed above, however, there is a huge amount of uncertainty and this analysisis only to
provide some price indication.

For the cost estimation it is assumed that certificates are cross border tradable and countries are only
allowed to sell certificates when they have already met their own EU renewable targets.
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As Statigtical Transfer occurs separately from the physical delivery of the electricity, Malta still has to
generate electricity to meet its own demand. Thus the costs associated with this option are the sum of
the transfer cost per MWh, plus the costs of energy generation in Malta. The following paragraphs
outline an estimation of renewable energy credit prices in countries with national green certificate
schemes as well as with feed-in tariffs. The projected price of electricity generation in Matain 2020
has to be added to these figures in order to compare the costs with the other options outlined in this

report.

A country will only have an incentive to build up additional renewable capacities exceeding their
targets if they will get a least the revenue they can receive in their own country. This revenue is
assumed to cover the generation costs plus a revenue for the generator as otherwise there is little
incentive for the producing country to participate in the market.

The revenue will be dependent on the support scheme of each country. In countries with national
tradable green certificate schemes (TGC) the revenue for the generator is derived by selling the
electricity on the market plus the market price of the certificates. Therefore the costs of Statistical
Transfer per MWh will be likely to amount to at least the cost of the TGCs in the corresponding
country.

In countries with fixed feed-in tariffs the revenue for the renewable power plant operator is solely
derived from the tariff which is usually fixed for a definite period of time. Here the costs of Statistical
Transfer per MWh have to be calculated as the difference between the average feed-in tariff and the
market price of eectricity in the generating country.

(1) Tradable Green Certificate prices

Out of the five major renewable markets considered within this report, Italy, Sweden and the UK have
established a national certificate trading scheme for renewable electricity generation. The number of
TGCs issued per unit of energy production will be dependent on the type of technology. Taking the
case of power generation from onshore wind as one of the closest-to-market renewable technol ogies,
in each of the countries one certificate will be issued per MWh.

From an analysis of the TGC prices within Italy, the UK and Sweden it can be seen that the prices tend
to fluctuate (see Figure A-1 for Italy and the UK; and Table 4.2 for Sweden). In case of rapidly
decreasing TGC prices the countries have developed different measures to prevent the price from
collapsing. In the UK, for example, a variable buy-out price provides a price ceiling while the ability
to increase the obligation (‘headroom’) prevents price collapse. Moreover the schemes are designed
for the long-term: the UK Renewables Obligation (RO) is running until at least 2027 (latest discussion
suggests extension until 2037) and Sweden’s green certificates until 2030. Thus the TGC prices are
not expected to decrease substantially in the near future. An average of the historic values (see Figure
A-1) is considered to reflect the minimum certificate price for the future.
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Figure A-1: Historic green certificate prices in Italy and UK
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Table 4-2: Average certificate prices
Certificate prices (€/MWh)*
UK 51.42
ltaly 104.46
Sweden 18.23
* average of historic values, UK and Italy
since 2002, Sweden since 2003 taken from
responsible national authorities
(i) Feed in tariff prices

Spain and Germany both provide feed-in tariffs for renewable electricity. In Spain a generator can
choose between a premium payment on top of the market price and afixed feed-in tariff. In Germany,
however, thereis only the option of afixed feed-in tariff but it should be noted that it is possible to opt
out of the scheme if the market price is more attractive than the tariff. For Statistical Transfer price
estimations the tariff option is assumed for both countries.
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As the tariff is technology specific the average tariff for a suggested project lifetime of 20 years is
calculated for onshore wind. As projections of the likely energy mix show (Table 4-1) this will be the
technology which is largely contributing to the countries’ targets as it is one of the cheapest
technology options. The tariff will depend on the year of commissioning as the tariff decreases over
time and in Germany it is aso incrementally decreased over the lifetime of the project. For the
determination of an average feed-in tariff for Spain and Germany, MML assumes an onshore wind
farm commissioned in 2010. The results displayed in Table 4-3 show that the support level in both
countriesis similar.

Table 4-3: Feed-in tariffs

Average feed-in tariff (€/MWh)*
Germany (according to Renewable Energy Act 2009) 60.65
Spain 67.85

*onshore wind, commissioning in 2010, average value for the first 20
years of operation

According to MML'’s analysis, the wholesale electricity price in 2020 could be in the region of
€85/MWh in Germany and €90/MWh in Spain. Thus the market price will be already above what
generators can currently receive through the Spanish and German feed-in tariff. Consequently
electricity generated from wind power will be sold at the market price rather than under the support
scheme should feed-in tariffs not increase.

Nevertheless the price for Statistical Transfer from these countries to Malta will not equal zero. The
price will be rather driven by supply and demand for certificates in genera. If a number of countries
are not able to meet their target, the demand for renewable energy credit will be high which again will
increase the price. On the supply side, countries which exceed their target will compete among
themselves. If, for example, the UK and Germany exceeded their target, Germany could sell the
excess for any price up to the cost of the UK certificates, even though within Germany there may be
no extra revenue besides the market price anymore.

(iii) Other price indications

Our previous anaysis showed that the European Parliament proposed introducing a fixed penalty for
every MWh of the target missed for Member States that do not meet their interim and final targets. It
argued that the penalty must be set at an appropriate level that provides a strong incentive for targets to
be met, and based on current economic considerations, that an appropriate penalty would be around
€90 per missed MWh of renewable energy.

Although this proposal was clearly not adopted into the revised draft, it is useful as an indication of the
price level that the European Parliament considers that renewable energy credits could reach as an
upper level. The €90/MWh penaty would have acted as a price ceiling to any Statistical Transfer,
since it would not be worth a Member State paying more per MWh transferred than the penalty price.
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(iv) Conclusions

The estimations made on the price per MWh for a Statistical Transfer have to be understood as an
initial indicator. A number of aspects will influence the actual price. For example, the extent to which
other European countries will fail to exceed their targets, which in turn determines demand and supply
for the certificates. Another influencing factor is, the available resources for each technology in each
country relative to the targets. Even though onshore wind in Spain or Germany might be a cheap
option it simply may not be possible to install additional wind turbine generators as there may be no
more suitable sites available.

In summary, based on the price of TGCs in Sweden, renewable energy credit purchased from here
could cost around €18/MWh. Using the UK price of TGCs, the cost would be higher, at about
€51.5/MWh. The most expensive option of the considered markets would be Italy at about
€104/MWh. As mentioned above, the total minimum cost expected for buying credit from Spain or
Germany is hard to assess. It is largely dependent on the cost of certificates in other countries which
have exceeded their targets and are also able to transfer excess credit. It the penalty price of €90/MWh
for missing a renewables target, as suggested by the European Parliament, is taken as an indicator, a
conservative price estimation for Statistical Transfer could be €90/MWh.

The total minimum cost associated with the Statistical Transfer option is made from the sum of
Malta's own generation costs plus the cost per MWh of transferred credit. According to MML’s
analysis the likely projected cost for electricity generation from new capacity in Malta in 2020 is
around €116/MWh. This is based on approximately 500 MW of HFO subcritical steam turbine plant,
with efficiency of 38% - 39% and fuel price of 10 US$/mmbtu, without carbon penalty. For
example, based on a €90 Statistical Transfer price, the total cost to Malta for this option
would be €206/MWh.

4.2.3 Key benefits and risks

There are various benefits of the Statistical Transfer approach by comparison with the other options
available to Malta.

Firstly, it is the simplest option administratively. It does not require development of energy
generation capacity or an interconnector, and therefore no long term financial commitment.

The size of the transfer will only be limited by the willingness of another Member State to
trade, and so potentially alarge part of Malta' s target could be met this way.

Furthermore, it could be used as a back-up option because it may be possible to negotiate a
Statistical Transfer close to the time of compliance. However, this approach is not
necessarily recommended because of the uncertainty around the availability of spare
renewabl e energy credit.

However, the key disadvantages of the option are the levels of uncertainty. There is no guarantee of
how much excess renewable energy credit will be available for purchase, and in fact if all Member
States find their targets challenging there may be no opportunity to purchase any. This supply
uncertainty, coupled with the difficulty in projecting competing demand, leads to massive uncertainty
in the price per MWh of this option. Furthermore, because a Statistical Transfer does not involve any
physical transfer of electricity, it does not bring any energy security benefits to Malta, leaving Malta
exposed to changesin imported fuel costs.
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4.3 Purchasing Green Electricity from Mainland Europe

Importing green electricity from the continent requires the development of an interconnection link
between Malta and mainland Europe. This would alow Malta to buy renewable electricity from other
countries, to help meet its target. Again, this requires some kind of transferability and accounting for
renewable electricity between the EU Member States. The major difference to the previous option is
the actual physical delivery of green electricity to Malta. This means that this option would help
reduce Malta' s dependency on imported fossil fuels.

If Malta chooses to negotiate a Statistical Transfer, it is expected that the following main steps would
need to be taken. However, as discussed below, the policy isless clear on this option than for the main
flexible mechanisms outlined in the Directive.

5. Create interconnection with Sicily
6. ldentify country meeting and exceeding its renewable targets
7. Negotiation and agreement on quantity and price of green electricity

8. EC natification of intention to undertake a Statistical Transfer for corresponding renewable
energy credit for accounting purposes

9. Import electricity viarelevant transmission grids

10. Activate corresponding Statistical Transfer

4.3.1 Qualitative Analysis

The December 2008 draft of the EU Directive is unclear on its rules regarding renewable energy
accounting in the case of physical transfer of renewable electricity between Member States. The EC is
keen to promote competition across the European electricity market, and therefore it is assumed that
cross-border trading of renewable electricity will still be allowed. However, since the Directive
restricts cross-border trade of renewable energy credit that counts towards the EU targets to within the
flexible mechanisms described earlier, it is assumed that a Statistical Transfer will still need to be
arranged if Malta wants to count the imported electricity towards its targets. This will therefore mean
that purchase will still need to be from a country that is meeting its own targets, so again supply and
price per MWh for the renewable energy credit component will be uncertain.

As discussed previoudy, the Statistical Transfer component does not actually require a physical
transfer of electricity. There may, however, be other strategic reasons for physically importing
renewable electricity from mainland Europe. An increase in energy security is one opportunity for
Malta. Malta would need to invest in an interconnection with mainland Europe. Although this would
be at considerable cost, it would provide much more flexibility for Malta to meet its energy demand,
which would have advantages well beyond just meeting its renewable targets. This will be particularly
in ascenario of rising diesel costs which would mean that Malta s traditional energy generation costs
increase over time.
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The proposed Renewables Directive specifically requires that Member States promote increased
interconnection to enable more cross-border transfer of renewable energy. By investing in an
interconnector with the rest of Europe, Malta would therefore also be demonstrating further
compliance with the Directive.

Interestingly, the proposed Directive does state that imported electricity produced from renewable
sources outside of the EC may count towards targets of Member States, providing that it is from an
installation that became operational after the Directive has entered into force. It could therefore be
possible to import renewable energy from North Africa, for example, to count towards Malta' s target.
The costs of the interconnector would be greater however, due to the increased distance, so it may be
more financially attractive to import it viaa more indirect route.

It does appear likely that in the long term interconnection between Europe and North Africa will be
established, for example via implementation of ‘The Mediterranean Solar Plan’. This is a European
Union project for the Mediterranean region to install concentrating solar power plants and would
require interconnection between the countries on the northern and southern coasts of the
Mediterranean. Additionally, under the EU’s Priority Action Plan for the Euro-Mediterranean Energy
Partnership, announced in November 2007, the EU aims to facilitate the financing of key energy
infrastructure. Thisincludes new electricity interconnections between:

Turkey — Greece, Turkey - Isragl
Algeria— Spain, Algeria— Italy
Tunisa-—Italy

Spain —Morocco

Although it is expected to be some time before these projects are developed, in the long term it will
increase the opportunity for Maltato import green electricity from outside of the EU.

4.3.2 Quantitative Analysis

The costs associated with this option are made up of the interconnection cost to the mainland-
European grid and transmission tariffs for the individua country grids that would be utilised to
transport the electricity from its generation source to Malta.

(1) Interconnector costs

Table 4-4 provides an estimation of the cost of a subsea interconnector between Malta and Sicily so
that Malta could purchase green electricity from a generator in mainland Europe. This is based on
analysis by Lahmeyer International carried out in 2008. The specified interconnector would provide a
gross transmission capacity of 100 MW, but transmission losses and availability are estimated to
reduce capacity utilisation to 85%.

Table 4-4: Subsea interconnector costs

Item Cost (€)

Capex €99.0m

O&M €23.4/kW/yr
4-11
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Source: Lahmeyer International

If Maltawas to consider purchasing green electricity from outside of the EU, generation from Eastern
Europe transmitted via the European electricity network and the interconnector could be possible, but
would require payment of transmission charges for all the countries through which it would need to
pass. Alternatively investment in an interconnector with Tunisia could be considered, but due to the
distance and length of subsea cable required they would be much higher than for an interconnector
with Sicily.

Based on normal business practice, project developers would look for a profit margin of around 15%
when developing a new interconnector. Therefore, if the project is developed through private
enterprise, 15% needs to be added to the costs in order to assess the overall cost to the Matese
government.

(i) Transmission tariffs

As well as the cost of the renewable electricity and a new interconnector, Malta would also need to
pay transmission costs for any grids utilised for transporting the electricity to Malta. Costs will be
dependent on the source and transport path of the renewable electricity. Transmission tariffs for each
country as they differ across Europe.
Transmission tariffsinclude all of the energy transmission charges, as listed bel ow:

infrastructure charges (operation and capital),

loss compensation costs,

internal congestion costs (but no costs of auctions or market splitting),

costs of supply of system services,

costs of system balancing,

stranded costs, possibly incentives for renewableif applicable to agreement.
Figure A-1 demonstrates the load (consumer) component of the transmission tariffs paid in 2007

across Europe. They are given in € MWh and it is assumed that any transmission system user is
connected to the highest voltage level in each country, as thisis where the highest prices are.
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Figure A-1: Range of load components paid in 2007 by load across Europe

Source: European Transmission System Operator (2007)

Out of Germany, Italy, Spain, Sweden and UK, Sweden has the lowest transmission tariffs for the
client, followed by Great Britain, Germany and Spain and Italian at the highest. Italian transmission
charges are estimated at €10.5/MWh.

An interconnector with Malta would link to Sicily. Due to congestion in the Sicilian network, Sicily
currently experiences higher electricity prices than elsewhere in Italy, as shown in Figure A-2 below.
If the situation persists it may mean that due to higher grid charges, the cost to Malta will be increased
further. In the longer term, however, increased interconnectivity between Italy and northern Africa
may help relieve the congestion issue and reduce transmission grid costs accordingly.
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Figure A-2: Average Electricity Prices in Italy

Source: Gestore Mercato Elettrico (GME) (2008)

Additionally the renewable generator will get charged for access to the electricity transmission
network in the country it generates in. These costs will influence the electricity price to the consumer.
Figure A-3 below demonstrates the range of transmission costs to generators across Europe.

Figure A-3: Range of generator components paid in 2007 by producers across Europe

Source: European Transmission System Operator (2007)
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(iii) Spinning Reserve

In case of a failure with the interconnector cable it will be necessary to have additional spinning
reserve. Carrying additional spinning reserve incurs costs as a consequence of the need to operate
conventional thermal generation at lower capacity factors and efficiency. Thereis also an implied cost
incurred by the need for more capacity in order to provide this level of spinning reserve. Further
information regarding spinning reserve can be found in section 2.6.4.

Table 4-5: Net Combined Uncertainty for Interconnector

Scenario Wind MW Peak/ Off- Load Combined Sigma
Uncertainty Peak (target or MW MW
(at 16%) actual
S.R.) MW
I nterconnector 15.2 Peak 12 194 74
with 95 MW Off-Peak 42 44.7 2.7
Capacity

Table 4-6: Cost of Spinning Reserve for Interconnector

Scenario Capacity  Peak/ Off-  3*Sigma Costp.a  Total Cost
MW Peak MW (€) (€)
Interconnector 95 Peak 22.1 168,828 596,620
Off-Peak 8.0 427,792

The calculations assume a peak spinning reserve cost of €7,640/MW and an off-peak spinning reserve
cost of €53,490/MW.

(iv) Costs for buying green electricity

The costs for green electricity are calculated by the market electricity price of plus the cost of the
corresponding renewable energy credit, as per the Statistical Transfer price. The electricity price
refers to the country where Malta buys the electricity from. As mentioned in the previous section,
Malta' s projected costs of electricity will amount to about €116/MWh (excluding carbon cost). The
electricity price for mainland Europe is expected to be substantially lower at €85/MWh to €90/MWh
in 2020. This is based on current wholesale electricity prices (as shown in Table 4-7) and projected
changes, and incorporates the impact of an increased carbon price up to €30/tCO2 in 2020 (as
discussed in Section 5.2 below). An electricity cost of €85/MWh is considered appropriate in a low
fuel price scenario, but if fuel prices are particularly high in 2020 and/or the Italian grid congestion
issues remain, an electricity cost of €120/MWh is considered appropriate for a high electricity price
scenario.
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Table 4-7: Current Wholesale Electricity Prices

Country Platts Base Power Assessments (€/MWh), 2™ Quarter ahead*
UK 65
Germany 60
France 55
Netherlands 60
Spain 52

*average value from October to December 2008 [Source: Platts. (2008): Power in Europe. Issue 540-541,
December 15, 2008, p. 22]

Consequently this option is only preferable over the Statistical Transfer option if the cost savings
achieved by a lower market price of electricity are higher than the costs associated with the subsea
interconnector and transmission charges for using the mainland European grid.

4.3.3 Key benefits and risks

The key benefit of this option compared to a simple Statistical Transfer is the increased energy
security brought by having an interconnection with mainland Europe. This is also an advantage over
the two options of increasing renewable energy generation within Malta, as it provides access to the
European electricity market and therefore lower cost generation through increased competition. Thisis
particularly true if countries outside of the EU, such as Tunisia, become possible suppliers of
electricity. By increasing interconnectivity, it also helps Mata's compliance with the new EU
Directive, which asks Member States to promote further interconnection across their borders.

The key risks to this option are that it involves exposure to changing energy prices in Europe that are
less easy to predict than the price of generating renewable energy within Malta. Thisis the same for all
of the three ‘policy’ options that involve purchase of electricity and/or renewable energy credit from
outside of Malta. The issue of grid congestion in the Sicily region causing elevated electricity prices
compared to the rest of Europe is also a particular concern.

4.4 Joint Projects

This section discusses the possibility of the Maltese Government investing in a renewable energy
project within Europe and subsequently transferring some or all of the renewable energy credit back to
Malta. For this section it isassumed that there is no subsea cable connection to Scilly. In additionitis
assumed that this option would involve the Matese Government investing in a renewable energy
project somewhere within Europe and that the renewable energy project would sell the corresponding
renewable creditsto Malta.

If Malta chooses to undertake a Joint Project, the following main steps would need to be taken.
1. Identify country meeting and exceeding its renewable targets
2. ldentify suitable renewable energy project within country

3. Government to government negotiation and agreement of credit sharing terms
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4. EC notification of intention to undertake a Joint Project and corresponding arrangements for
renewabl e energy credit accounting

5. Development of project by private operators

4.4.1 Qualitative Analysis

The Directive proposals are supportive of allowing collaborative bilateral or multilateral projects to
contribute towards Member States' targets through the Joint Projects mechanism. The sharing of the
renewable energy credit would need to be negotiated between the Member States collaborating and
therefore vary on a project by project basis. Again, it is required that the transfer of any renewable
energy credit does not jeopardise the supplier country meeting its own renewables targets. Thisis a
dight grey area, asit is assumed that the Joint Project will be arranged before the host country is fully
certain of meeting its own targets. It is not clear what would happen in the event that they were found
to not be meeting their targets at a later date after development of the Joint Project has aready
commenced. The Directive does state, however, that:

“A notification made under this Article may not be varied or withdrawn without the joint
agreement of the Member State making the natification and the Member State [in whose
favour notification is being made]”

It is therefore assumed that once the EC has been notified of the Joint Project agreement, the
arrangements for the sharing/transferring of the renewable energy credit for accounting purposes
cannot be changed by any change in circumstances.

The benefits to Malta of investing European renewable projects, rather than a simple purchasing
Statistical Transfer, could be long term security through a guaranteed renewable energy credit supply
in terms of both quantity and, to some extent, price. With this option the Maltese Government will also
have the opportunity to make a profit from the project as they will be selling the electricity. However
they will need to balance the risks (performance and market risks amongst others) with the potential
opportunity to gain profit from the project.

The main risks with this option are financial and will depend on whether the Maltese Government
invest in a project that is constructed or operational or whether they choose to invest at a pre-
construction or FEED phase. There will be significantly fewer risks if they invest in an operational
renewable energy project. However, the draft Directive does state that any Joint Project must become
operational after the date that the Directive is adopted.

At the request of MRA, MML has analysed the extent of existing cases of Joint Projects within the
EU. Even though a European wide support scheme for renewables is not in place, there are already a
number of examples of cross-border investments in renewable energy projects. One example is partly
or fully owned major energy utilities of the Member States which are increasingly looking for
investment options abroad. This is not primarily done for political objectives but due to the projects
financia attractiveness.

A magjor area of interest for energy utilities to develop projects in other EU countries is the offshore
wind business. Table 4-8 displays an overview of the utilities renewable activities abroad. As it
requires large amounts of initial investments it cannot longer be handled by small developers, while
the utilities command the necessary financial strength to realise those projects.
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The variety of projects listed in Table 4-8 also indicates the range of project opportunities available to
Malta in the case of developing a Joint Project. Offshore wind is one option. The majority of the
offshore wind projects in Europe are owned by a syndicate of energy utilities. It could be viable for
Malta to join such a syndicate in order to invest in offshore wind farms and take a share of the
corresponding renewabl e energy credit to put towards its renewables targets.

Table 4-8: Projects throughout Europe

Investing  Company Type of Technology Project name  Site of joint
country company (project title) project
France Edf energy utility onshorewind  Campidano, Italy, Portugal,
whose major Ventominho, UK, USA,
shareholder is Biker, wind Mexio
the French farmsin
government Minnesota,,
LaVentosa
offshorewind Thornton Belgium, UK
Bank,
Tessside
Denmark  Dong energy utility offshorewind Gunfleet UK
whose major Sands I,
shareholder is Walhey, West
the Danish of Duddon
government Sands
onshore UK, Poland,
France,
Sweden, and
Norway
Germany E.ON Energy utility  offshorewind London Array UK
onshore wind, US, UK, Italy,
biomass Spain,
Sweden Vattenfall Energy utility  offshorewind Horns Rev, Denmark, UK,
whichisfully Dan Tysk, Sweden
owned by the Kentish Flats,
Swedish Lillgrund
government biofuelsand  Mylykoski Finnland
waste
hydro Harspranget,  Sweden,
Pamilo Finnland
UK Scottish &  Energy utility  offshorewind Butendiek, Germany
Southern
Energy
(Airtricity)

The Directive does aso alow for Joint Projects to be developed outside of the EU. The only
difference to the EU option is that the electricity generated must be physicaly transferred into and
consumed with the EU. This introduces the same issues and costs as discussed in the importing green
electricity option.
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4.4.2 Quantitative Analysis

This option could be one of the more financially attractive options for the Maltese Government as,
some renewable energy projects in mainland Europe have lower generation costs than offshore wind
or PV in Mata. Any renewable energy technology would be valid for a Joint Project. but for this
analysis the case of onshore wind has been taken as one of the more financialy viable renewable
energy project opportunities in Europe. From our experience the following onshore costs are typical
for UK, Germany and Spain. The cost shown in the table for offshore wind in Malta is from the
estimations made in Chapter 2. As can be seen from the values in the table, the cost per kilowatt of
installed capacity for onshore wind in UK, Spain and Germany is less than half the cost for offshore
wind in Malta.

Table 4-9: Comparative wind generation costs

Location of Windfarm Estimated Cost (€/kW installed capacity)

Onshore UK 1,600
Onshore Germany 1,300
Onshore Spain 1,000
Offshore Malta 3,250

This option would require the Maltese government to have adequate capital to invest in a renewable
energy project within Europe. It would also require the Maltese Government being able to find a
suitable project to invest in. Assuming that the Maltese Government had the capital and found a
suitable project then this approach could be a good short term option as it may allow the Maltese
Government to meet their targets sooner than if another approach was selected and could also provide
arevenue for the Maltese Government. However, in the long term it may be more beneficia for Malta
to invest in renewable energy projects within their country.

Based on normal business practice, project developers would look for a profit margin of around 15%
when developing renewable energy projects. This also correlates with MML’s experience in
renewabl e projects. Therefore, 15% needs to be added to the project costs in order to assess the overall
cost to the Maltese government. When making the financial analysis of a chosen project, revenue from
the sale of electricity generated within the host country can be incorporated. However, the project will
not be digible for any revenue from the renewable energy support scheme present in the host country
if Matais to take all of the project’s corresponding renewable energy credit. Therefore the price of
electricity received will be equivalent to the prevailing wholesale ‘brown’ electricity price.

It should be noted that this option would not provide any physical electricity to Malta. Therefore, the
cost of generation in Malta must be added to the net cost of the renewable energy credit derived from
the Joint Project, in order to make it comparable with the other options in this report. This cost has
already been discussed in Section 4.2 under the Statistical Transfer option.

443 Key benefits and risks

The key benefit of the Maltese government developing a Joint Project isthat it can invest in a project
that is more financialy attractive than those opportunities created by the limited resources available in
Malta. It may be more attractive than a simple Statistica Transfer in some respects, because it
increases the certainty of renewable energy credit delivery to Malta. It gives more certainty around
both volume and price of the delivery.
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The risks include that there is a dight grey area regarding what happens in the Joint Project host
country is found not to be meeting its targets once the project development has aready commenced.
Asfor the other two options considered above, the Joint Projects option is again external to Malta and
therefore leaves the Maltese government with less influence over and more exposure to variation in
costs. Any project development inevitably involves various financia and other risks, and when the
project is located outside of Malta these will be harder to mitigate. Politically, it may also be hard to
justify investment in a renewable energy project outside of Malta, rather than investing in internal
green projects.

Finally, a Joint Project does not provide Malta with any physical electricity; it therefore does not bring
any energy security benefits to Malta, leaving exposure to changes in imported fuel costs.

4.5 Conclusions

In this chapter MML has considered the feasibility and cost of three other options available to Malta
for contributing to its renewables targets: Statistical Transfer, importing green electricity and Joint
Projects. All are related directly or indirectly to the flexibility mechanisms set out in the draft EU
Renewables Directive. The policy review of the draft Directive, associated documents and the position
of other Member States, leads to the conclusion that al three options are possible, although there are a
few remaining grey areasin the policy.

The quantitative analysis has discussed the different costs involved with each option, and these are
compared in more detail in the following chapter. The qualitative analysis has identified that as well as
the different costs, the three options offer varying benefits and risks from a more strategic viewpoint.
The key benefitsidentified include:

administrative simplicity and a high level of flexibility right up to the Directive compliance
date for the Statistical Transfer option:

improved energy security and further compliance with the Directive for the interconnector
(importing green electricity) option;

better certainty of securing renewable energy credit and its price per MWh for both the Joint
Projects and importing green electricity options; and

opportunity to invest in the most financially attractive renewable energy projects for the Joint
Projects option.

All the ‘abroad’ options considered in this chapter will subject Malta to costs and cost fluctuations
which they have less influence over than for projects within Malta. The price of renewable energy
credit, for example, will largely be influenced by how the other Member States will perform in terms
of their own targets.

Even if one of the options discussed above proves to be the most economic viable option in the short
term, a long-term consideration can display a different picture. Apart from the option of importing
green electricity, the other two options considered here will mean that Malta will remain solely
dependent on fossil-based electricity generation. This again may justify paying higher costs now for
establishing renewabl e electricity generation capacity in Malta.
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5 Comparison of Options

5.1 Introduction

To support this study, a spreadsheet model (‘the Mode’") has been developed to compare the costs of
each option discussed above. The model applies the cost and power output assumptions discussed
earlier in this report, to forecast the cash costs of each option, the power generation and the resulting
cost per MWh over the period from 2013 to 2032.

5.2 Assumptions

The assumptions used for the financial comparison of the different options are derived from the
analyses discussed earlier in this report, with the addition of those for carbon price, which are
discussed in Section 5.2.1 below.

5.2.1 Carbon Price

As a part of the implementation of the Kyoto protocol the EU has launched an Emission Trading
Scheme (EU ETS) which requires the major CO, emittersin the power sector and industry to purchase
a certificate for each ton of CO, emitted. This means that the wholesale price of electricity is
determined by the generation costs as well as the carbon costs which are charged to the power plant
owner and passed onto the consumer. Therefore a comparison of renewable electricity generation
options with carbon emitting generation technol ogies should also consider the carbon costs. The price
of certificatesisjust like any other good dependent on supply on demand. The demand is regulated by
National Allocation Plans (NAP) and influenced by the mix of generation technologies applied, the
efficiency of the power plants, CO, abatement costs and the total energy demand.

According to Malta® National Allocation Plan for 2008-12, the average expected domestic electricity
generation for the period 2008-2012 is 2.73 TWh/year. Thisincludes energy generated solely in Malta
(no imports). For the same period, the electricity generation sector is projected to emit an average of
2.19 MtCO2eq per year (Table 1V). Therefore, the average grid emission factor can be deduced for
Maltafor the 2008-2012 period as 0.802tCO2/MWh.

Emission factors for specific plants are dependent on the specification of the fuel and combustion
technology. Without thisinformation it is not possible to provide an exact emission factor. The IPCC
provide a range of emission factors that have been used in emission disclosures for countries around
the world. Based on this an emission factor of 0.84 tCO2/MWh has been caculated for an HFO
subcritical steam plant (the plant type assumed for new build capacity in Mata). Thisislikely to bea
conservative figure, given that modern plant are capable of higher efficiencies. MML calculations
based on a generic HFO fuel specification indicate an emission factor of 0.73 tCO2/MWh may be
more redlistic for a plant with efficiency of 38%. However, given the uncertainty in plant
characteristics and fuel specifications 0.84 tCO2/MWh is considered the most appropriate to use in our
financial analysis.
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Considering the development of the CO2 emission factor for the German electricity generation mix
from 1990 to 2006 (The Federal Environment Agency of Germany) MML expects a specific carbon
emission factor of 476 g/kWh of electricity produced, which is significantly lower as compared to
Malta s HFO-based electricity generation. This results in carbon costs to about €11.90/MWh. Similar
values or even lower values will be expected for the other EU member states as countries like France
largely base their electricity generation on the almost emission-free nuclear technol ogy.

According to the European Energy Exchange (EEX, January 2009) the current certificate price is
about €13/MWh. After an over-allocation of certificates in the trading period 2005-2007 the certificate
price collapsed. Nevertheless, most of the studies done on future carbon price estimations agree on an
increasing price trend. This can be justified with an artificially created shortage of certificates
(decreasing amount of allocated certificates) as well as increasing abatement costs. EU DG TREN
proposes a carbon price of €30/ton in the base case to meet the EU’s 2020 EU ETS targets. The
International Panel on Climate Change (IPCC) estimates CO, prices of €34/tCO, in 2030 and about
€50/tCO, in 2050. The Federa Environmental Agency of Germany predicts a carbon price of
€23/tCO, in 2020 and €30/ton in 2030. Another survey compiled by German Oeko-Institut in 2007
and 2008 shows that the mgjority of respondents from the industry expect a carbon price of €25 to
€35/tCO,in 2020.

With an emission factor of 0.84 tCO2/MWh produced from HFO and a carbon price of €30/ton the
carbon costs for new build generation in Malta amount to €25/MWh. In our financial model, this cost
has therefore been added to the cost of generating electricity in Malta for the Statistical Transfer and
Joint Projects options.

Considering the average energy mix in the EU the carbon costs will be dlightly lower as the generation
technol ogies applied have on average lower emissions. This results in carbon costs to about €17/MWh.
Carbon prices have aready been incorporated into our estimations for wholesale electricity costs in
Europe in 2020. These are €85/MWh in alow fuel price scenario and €120/MWh in a high fuel price
scenario, which without carbon would reduce to €68 and €103 respectively.

For the three options that provide Malta with physical electricity, the carbon savings that the electricity
generated will provide for the Maltese government due to offsetting the current fossil fuel generation
are shown in Table 5-1. The carbon price is taken as €30/tCO2 and the emissions factor as
0.8tCO2/MWh, creating a cost of €24/MWh.

Table 5-1: Carbon Savings

Option Capacity in  Electricity Total carbon
2020 (MW)  generation (GWh)  saving (€k)
Offshore wind 78 162.6 3,902.4
87 179.9 4,317.6
PV 38 6.2 148.8
100 160.4 3,849.6
513 800.4 19,209.6
Import green electricity 100 722.3 17,335.2
5-2
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5.2.2 Offshore Wind
The assumptions applied in the financial model for the option to build an offshore wind farm at the

Sikka L-Bajda site are derived from the discussion presented in Chapter 2, and are summarised in
Table 5-2 below.

Table 5-2: Model Assumptions for Offshore Wind in Malta

Input Assumption
Lifetime 20yrs
Duration 2013-2032
Capacity 78MW/87TMW
Capacity Factor 23.8%/23.6%
Capex €3 575/kW
O&M €82/kW/yr
Spinning reserve €5.28/kW/yr

Two scenarios are considered in the Model, one with a capacity of 78 MW and one with a capacity of
87 MW. These are based on the specifications of the Vestas WTG discussed in Section 2. The
capacity factors assumed for each are the midpoint of the range presented in that section, and are
23.8% for the 78 MW option and 23.6% for 87 MW.

523 PV

The assumptions applied in the Model for the option to build PV capacity in Malta are derived from
the discussion presented in Chapter 3. Three scenarios are considered for PV installation:

Low Case —3.85 MW installed over the period 2009 to 2020.
Mid Case — 100 MW installed over the period 2009 to 2020.
High Case — 513 MW ingtalled over the period 2009 to 2020.

The assumptions are summarised in Table 5-3 below.

Table 5-3: Model Assumptions for PV in Malta

Input Assumption

Operating life 20yrs

Model period 2009-2032 (staggered
penetration)

Capacity Low case 3.8 MW

Medium case: 100 MW
High case: 513 MW

Capacity Factor 18.5% before degradation
Capex €5,900/kW
Oo&M €50/kWiyr

5-3
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To reflect an expected reduction in the capital cost due to technologica developments and production
efficiencies, the capital cost for PV assumed in the model falls over the model period. The reduction
applied is broadly linear, with capital costs reducing to 74% of the level shown above by 2015, 57%
by 2020 and 46% by 2025. The capital cost in 2025 is therefore €2 736/kW, in 2009 val ues.

5.2.4 Statistical Transfer

The assumptions applied in the Model for the Statistical Transfer option are derived from the
discussion presented in Section 4.2. They arelisted in Table 5-4.

Table 5-4: Model Assumptions for Statistical Transfer

Input Assumption

Transfer price €90/MWh

Malta Generation Cost: High Case €116/MWh
Low Case €160/MWh

5.2.5 Electricity import
The assumptions applied in the Model for the option of importing green electricity via an

interconnector are derived from the discussion presented in Section 4.3. They are summarised in Table
5-5 below.

Table 5-5: Model Assumptions for Importing Green Electricity

Input Assumption
Lifetime 20yrs
Duration 2013-2032
Capacity 100MW
Capacity Factor 85%
Transmission losses 3.0%
Capex €99.0m
O&M €23.4/kW/yr
Spinning Reserve €5.97/kW/yr
Electricity cost: Low Case €85/MWh
Electricity cost: High Case €120/MWh
GoO price €90/MWh
Transmission charges 10.5/MWh

5.2.6  Joint Projects

The assumptions applied in the Model for the option of investing in a Joint Project are derived from
the discussion presented in Section 4.4. Although any renewable energy project could be eligible, the
model is based on the Joint Project being an onshore wind farm in another EU country. The
assumptions are summarised in Table 5-6 below.
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Table 5-6: Model Assumptions for a Joint Project

Input Assumption
Lifetime 20yrs
Duration 2013-2032
Capacity 70MW
Capacity Factor 30%
Elec sale 85/MWh
Capex €1,250/kW
O&M €25/kW/yr
Spinning Reserve €5.28/kW/yr
Electricity cost: Low Case €85/MWh
Electricity cost: High Case €120/MWh
Malta Generation Cost: High Case €116/MWh
Low Case €160/MWh
Carbon Price €30/tCO,
Malta Emissions Factor 0.84 tCO,/MWh

5.3 Methodology

As discussed in the introduction, the Model generates a cash flow forecast for each option, based in
the technical and economic assumptions shown in the relevant sections above. The cash flow
represents the cost of obtaining the Green Certificates and electricity resulting from the capacity
considered for ach option. As the capacities of each option differ, then the actua quantity of
certificates and electricity obtained varies accordingly. Therefore, it isimportant to consider not only
the NPV of the total cost of the project, but the levelised cost of electricity. The levelised cost can be
considered a ‘break-even’ tariff in order for the project to achieve a return equa to the discount rate
used (10%). Where the levelised cost is higher than the prevailing electricity price, this represents the
level of per MWh subsidy that would be required for the project to generate this level of return.

In the case of the investment in offshore wind and solar PV capacity, the calculation is
straightforward: a certain level of generation and green certificates are obtained in exchange for the
initial investment. The selling price of the electricity is not considered in the model, as the tariff and
any subsidies are the means by which the investment is funded.

A spinning reserve for the wind generation would aso be required, as discussed above. We have
assumed that a spinning reserve is not required for the PV capacity: firstly, as the capacity is spread
over a large number of smaller units, it is unlikely that a large amount of capacity would be out of
action at any one point in time, and; secondly, as the peak capacity of PV would tend to mirror the
peaking of the demand in Malta, it is likely that PV capacity would in fact reduce the need for a
spinning reserve in the system as awhole.

For the interconnector option, the analysis needs to take into account the capital and operating costs of
the cable, plus the cost of purchasing electricity in Sicily, and also the cost of purchasing the
accompanying Green Certificates. These are a tradable commodity for the renewable eectricity
provider, and so would need to be purchased in addition to the electricity. Again, a spinning reserve
of Maltese-based generation would be required, and the cost of thisisincluded in the Modél.
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For the Joint Project Option, the analysis needs to reflect that, in order to assess each option on alevel
playing field, the renewable electricity generated and sold needs to be matched with eectricity
generated using non-renewable fuels in Mata. As the other options are all adding to the generation
capacity of Malta, the cost of Maltese generation needs to be included in the analysis of this option, to
be included in the total cost of obtaining Green Certificates and electricity to Maltese consumers. The
costs therefore need to include the net revenue from building and operating the wind farm, offset by
the revenue from the electricity sold, plus the long-run margina cost (LRMC) of new HFO capacity in
Malta. The LRMC of new capacity is used as we understand that electricity demand is expected to
increase over the period considered, requiring new capacity, plus a number of existing plants are
scheduled to be decommissioned by 2013. The new generation would therefore need to be met from
new plant rather than from increasing the utilisation of existing plant.

54 Results

Theresults of the model are summarised in Table 5-7.

Table 5-7: Model Results

NPV of Tota  Levelised Cost Yearly
Costt02032  of Electricity Renewable

Generation
(in 2020)
€million €/MWh GWh
Option 1 — Offshore wind (78MW) 234.0 237.9 162.6
Offshore wind (87MW) 261.0 226.9 179.9
Option 2 — Solar PV (Malta)
Low Case 10.0 3317 6.2
Mid Case 290.1 346.1 160.4
High Case 2,725.1 418.7 800.4
Option 3 — Statistical Transfer
Low Case Depends on 231.2 n/a
High Case volume 275.2
Option 4 — Import via interconnector
Low Case 1,069.7 211.2 722.3 (net
High Case 1,252.4 247.3 import)
Option 5 — Joint Project
Low Case 162.0 123.6 205.0
High Case 173.8 132.6 205.0

These results indicate that investment in onshore renewable generation elsewhere in Europe would
have the lowest cost per MWh of renewable energy. However, it should be noted that al of these
results are highly dependent on the assumptions applied in the model, which due to their nature would
be subject to a high degree of uncertainty over the period considered. In particular, the advantage of
this option lies in the profitability of the investment, which effectively subsidises the Maltese
generation costs. Thisis without the benefit of feed-in tariffs, or the revenue from Green Certificates,
as these are retained by Malta to meet the renewable energy obligations. If capital costs were to rise,
or electricity pricesto fall such that thisis not the case, this option would become correspondingly less
attractive.
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Under these assumptions, the investment in onshore wind generation outside of Malta and the subsea
cable options are cheaper than the price of buying green certificates. However, the difference between
this option and the subsea cable option is small, and could be eroded were the cable costs to be higher,
or the electricity import lower. The difference between green certificate purchase and onshore wind
investment is larger and the latter would appear to be the most attractive option on a purely financia
basis.

Although developing an offshore wind farm in Malta has higher costs than developing a Joint Project
elsewhere in the EU, the estimated costs are not too dissimilar to the Statistical Transfer option or
importing green electricity via an interconnector. Solar PV is considerably more expensive.
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6 Conclusion and Recommendations

As part of the EU’s commitment to reach a renewables target of 20% by 2020, Malta will be required
to meet a challenging national renewable energy target. MML was commissioned by the Malta
Resources Authority (MRA) to perform a feasibility study for increasing Mata s Renewable Energy
via the assessment of several specific options. The main conclusions for each of the options analysed
are provided below, along with the outcome of the option comparison and key recommendations for
Maltato proceed.

6.1 Sikka L-Bajda Wind Farm Study

We conducted a review of the feasibility of the development of an offshore wind farm at Sikka L-
Bajda. We have extended the area for construction from our 2005 study to include sea depths up to
30m in depth using sea depth information approximated from a local maritime map. Two
configurations were investigated for three different turbine types. Indicative capacities for preliminary
layouts using a 9/6D spacing for using the 3 different wind turbine models ranged between 64.8 MW
and 78 MW. These capacities were increased when a smaller spacing was analysed. For the Siemens
3.6MW turbine and the REPower 5M turbine the spacings were reduced to 8/5D. These gave
capacities of 86.4 MW and 85 MW, respectively. A spacing of 8.5/5.5D was used for the Vestas V90
and this gave a capacity of 87 MW. The area available for construction limits the size of an offshore
wind farm to modest capacity.

Using the limited wind data available in the region, we have estimated the wind climate across the site
and used it to estimate potential energy yield of a wind farm. For the 3 different turbine types and
layouts, yield is estimated to fal in the range 132 to 190 GWh annually for the larger spacing
scenarios and 157 to 227 GWh annually for the smaller spacing scenarios. Our findings suggest that
the wind speeds are lower at Sikka L-Bajda than we have seen at other offshore wind farms in
Northern Europe, leading to lower energy yield.

In our opinion, it islikely that capex costs will be in the region of €3,000/kW to 3,500/kW of installed
capacity, while opex costs will be in the region of €77/kW - 87/kW per annum. Capex and opex costs
projections are high for the offshore wind industry suggesting that a sizable tariff would be required in
order to make an offshore wind farm economic in this location.

6.2 Development of Energy Production from Photovoltaic Devices

With good annual solar irradiation levels and large roof space available for PV ingdlation, Mata
possesses tremendous potential for PV. However, this could be greatly limited by the costs and will
require supportive legidations and planning process

The domestic rooftop area available for PV is 28% of the total rooftop areain Malta. The generating
capacity for these rooftops is currently limited to 3 kWp each. MML suggests that Malta's PV
strategy should focus on the industrial and commercia rooftops which constitute 70% of the potential
PV areain Madta.
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Malta would need to develop an aggressive PV strategy by reducing barriers and developing
supportive policies to encourage PV penetration levels of 100 MWp by 2020 with distinctive focus on
the non-residentia rooftop areas. A 100 MW capacity target for PV in Mata will generate
160.3 GWh of electricity. Such an aggressive strategy would create more jobs thus having a positive
economic impact.

6.3 External Options

MML also considered the feasibility and cost of three other options available to Maltafor contributing
to its renewables targets: Statistical Transfer, importing green electricity and Joint Projects. All three
options are related directly or indirectly to the flexibility mechanisms set out in the draft EU
Renewables Directive. The policy review of the draft Directive, associated documents and the position
of other Member States, leads to the conclusion that al three options are possible, although there are a
few remaining grey areasin the policy.

Qualitative analysis identified that as well as different costs, the three options offer varying benefits
and risks from amore strategic viewpoint. The key benefitsidentified include:

administrative simplicity and a high level of flexibility right up to the Directive compliance
date for the Statistical Transfer option:

improved energy security and further compliance with the Directive for the interconnector
(importing green electricity) option;

better certainty of securing renewable energy credit and its price per MWh for both the Joint
Projects and importing green electricity options; and

opportunity to invest in the most financially attractive renewable energy projects for the Joint
Projects option.

All the *abroad’ options considered will subject Malta to costs and cost fluctuations which they have
less influence over than for projects within Malta. The price of renewable energy credit, for example,
will largely be influenced by how the other Member States will perform in terms of their own targets.
The cost of importing green electricity via an interconnector may be high due to the high Sicilian
electricity prices currently seen, caused by transmission grid congestion.

Even if one of the options proves to be the most economically viable option in the short term, a long-
term consideration can display a different picture. Apart from the option of importing green electricity,
the other two options considered here will mean that Malta will remain solely dependent on fossil-
based electricity generation. This again may justify paying higher costs now for establishing
renewabl e electricity generation capacity in Malta.

6.4 Comparison of Options

On a strategic basis, the benefits and risks of each option have been assessed and are summarised in
Table 6-1 below.
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Table 6-1: Qualitative Comparison of Options

Option Key risks Key benefits

1. Offshore Public opposition Security of supply
Environmental constraints Within Malta’ s control
Lack of investor interest

2. PV Low deployment rate Security of supply
High costs Within Malta s control

3. Statistical Credit supply uncertainty Simplicity

Transfer Credit price uncertainty Unlimited
No energy security

4. Importing External to Malta Security of supply

green electricity  Sicily grid congestion Accessto lower cost dectricity
Directive compliance
Find optimal projects

Low credit supply & price risks

Externa to Mata

No energy security
Regulatory uncertainty
Financia risks

5. Joint Projects

The results of the quantitative analysis using our financial model are summarised in Table 6-2

Table 6-2: Quantitative Comparison of Options

NPV of Tota  Levelised Cost Yearly
Costt02032  of Electricity Renewable
Generation
(in 2020)
€million €/MWh GWh
Option 1 — Offshore wind (78MW) 234.0 237.9 162.6
Offshore wind (87MW) 261.0 226.9 179.9
Option 2 — Solar PV (Malta)
Low Case 10.0 3317 6.2
Mid Case 290.1 346.1 160.4
High Case 2,725.1 418.7 800.4
Option 3 — Statistical Transfer
Low Case Depends on 231.2 n/a
High Case volume 275.2
Option 4 — Import viainterconnector
Low Case 1,069.7 211.2 722.3 (net
High Case 1,252.4 247.3 import)
Option 5 — Joint Project
Low Case 162.0 123.6 205.0
High Case 173.8 132.6 205.0

It should be noted that al of these results are highly dependent on the assumptions applied in the
model, which due to their nature would be subject to a high degree of uncertainty over the period
considered.
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On a purdly financial bas's, the comparison of options indicates that to invest in a Joint Project such as
an onshore wind energy project elsewhere in EU could be the most financially attractive option. The
subsea cable option is aso cheaper than the price of buying green certificates. However, the
difference between the two is small, and could be eroded were the cable costs to be higher, or the
electricity import lower.

Although developing an offshore wind farm in Malta has higher costs than developing a Joint Project
elsawhere in the EU, the estimated costs are not too dissmilar to the Statistical Transfer option or
importing green electricity via an interconnector. Solar PV is considerably more expensive; however,
it does offer other advantages, such as the option to devel op incremental capacity over time.

6.5 Recommendations

It is recommended that MRA assesses the relative importance of different driversin choosing between
the options identified. If the strategic benefits of generating renewable energy within Malta are
considered a priority, offshore wind would be a more feasible option and contribute a higher
proportion of renewable energy than solar PV. In such a case, the development of an offshore wind
farm should be analysed in more detail.

Although investing in a Joint Project, such as an onshore wind project, outside of Malta could be the
most financially attractive of al options considered, according to the assumptions used, it is suggested
that importing green electricity through a subsea interconnector could be a preferential option due to
the added energy security advantage. It is recommended that this option is aso analysed in more
detail.
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Appendix A

Prior to the publication of the revised draft text of the EU Directive on the promotion of the use of
energy from renewable sources in December 2008, MML undertook a stakeholder analysis to try and
ascertain the likelihood of cross-border trading of renewable energy credits (GoOs) being allowed
under the final Directive. Thisanalysis is summarised below.

Al European Commission

The origind EU Renewables Directive (200L/77/EC) that first established the concept of
GOoOs/REGOs is silent on the issue of whether the credits can be traded separately from the electricity
in respect of which it was issued. Neither the Regulations, nor the REGO register, impose any formal
requirement for REGOs to be traded with the eectricity, and it is impossible to prove that, within the
national grid, individual units of electricity from a specific generator (of any type) have been utilised
by a specific consumer.

Review of the new Directive proposal and associated documentation indicates that the European
Commission does not see any need for transfer of renewable energy credits to have to be accompanied
by physical transfer of the energy itself. The Communication from the Commission that accompanied
the draft Directive clarifies that “ such investment in another Member State does not require a physical
transfer of the resources, which face geographical and technical obstacles. It can take place with
transferable guarantees of origin (proof that renewable energy has been produced).”

A European Union Commission Staff Working Document Impact Assessment’ was produced
accompanying proposed EU climate change and renewable energy directives for 2020. The anaysis
suggests that developing the GoO system into an accurate, reliable and fraud resistant regime will
greatly facilitate trade in renewable energy and help Member States develop their renewable energy
resources in the most cost effective manner possible.

The economic benefits through reduced direct costs due to improved flexibility compared to a
situation where each country has to meet its target domestically have been analysed with the PRIMES
model, and have been estimated at some €8bn in 2020.

Whilst the broad, macroeconomic advantages of opening the GoO market are clear, the uncertainty
surrounding the distributional impacts and the risk associated with changes to national support
schemes imply that a cautious approach is appropriate. It is clear that industry growth that is
dependant on support (such as most of the renewable energy sector today) is sensitive to any change in
support regimes. In addition the impact assessment finds that unrestricted GoO trade could have an
impact on innovative technology promotion measures and could create some significant windfall
profits for existing producers of renewable energy. Finally, the prospect of buying GoOs could reduce
pressure on national governments to remove barriers to large scale renewable energy devel opment
(grid access design, congestion management, balancing markets, planning regimes and administrative
processes) which could put the achievement of the national targets at risk.

3 Commission of the European Communities (23/01/2008) Commission Staff Working Document: Impact

Assessment. Document accompanying the Package of Implementation measures for the EU’s objectives on climate change
and renewabl e energy for 2020.
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In conclusion the impact assessment recommended that the Commission® preferred option be to create
aregime enabling the transfer of GoOs and to leave sufficient discretion to Member States in terms of
the level and pace of their transferability. This would permit Member States to continue to manage
their support schemes in view of fostering renewable energy technology development within their
national territory. At the same time there would be a partial market opening that allows Member States
to take advantage of cheaper resources and achieve their targetsin a more cost effective manner.

This position was reflected in a Communication from the Commission that accompanied the Directive
proposal®. The communication reiterates that “if Member States can reach their targets by helping
develop renewable energy in another Member State, they can reduce their own compliance costs and
at the same time provide the other Member State with a useful extra income stream.” Since the launch
of the Directive proposal in January 2008 there has been no further related documents published by the
EC.

Furthermore, an important argument for the tradability of GoOs is the methodology with which the
renewable targets for individual Member States have been decided. They related to three factors:
existing renewable generation, remaining renewable energy resources, and gross domestic product
(GDP). The latter indicator does not in any way relate to renewable energy generating potential. This
means that a country with a relatively limited renewable potentia but high GDP will have a more
ambitious target than a country with lower GDP but higher renewable potential. Therefore, GoOs are
needed to allow some Member States to meet their targetsin the most cost effective way.

A.2 European Parliament

In May 2008 Green MEP Claude Turmes published a “Draft report on the proposal for a directive of
the European Parliament and of the Council on the promotion of the use of energy from renewable
sources.” This is the draft response from the European Parliament to the European Commission. It
states that the Parliament approves the proposal subject to various amendments to the original text.

The Turmes report introduces the concept of ‘transfer accounting certificates (TACs) to supplement
guarantees of origin. GoOs should be for disclosure purposes only, while transfer accounting
certificates would be for target accounting purposes only. If a Member State has opted into the flexible
instrument of cross-border trading, then a transfer accounting certificate will also be issued for each
eligible MWh of renewable electricity.

A.3 Member States

On the whole, Member States are expected to be supportive of the situation of countries such as Malta
that may struggle to reach their targets and therefore be open to finding a fair solution. However,
analysis undertaken for the UK’s Department of Business, Enterprise and Regulatory Reform
(BERR)® states that “thus far, there seems to be limited enthusiasm for a full integration of renewable
trading schemes through GoO trading. It was therefore felt that for the purposes of this study it should
not be assumed that the UK can rely on meeting its target through importing credits from elsewhere.”

4 Commission of the European Communities (23/01/2008) Communication from the Commission to the European

Parliament, the Council, the European Economic and Socia Committee and the Committee of the Regions. 20 20 by 2020:
Europe' s climate change opportunity.

Redpoint Energy Ltd (June, 2008). Implementation of EU 2020 Renewable Target in the UK Electricity Sector:
Renewable Support Schemes.
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From this anadysis, it is expected that during negotiations to finalise the Renewables Directive,
Member States will look for a solution that enables some limited cross-border trading of GoOs, but
overall may avoid a decision to implement afull EU renewable electricity trading scheme. If thisisthe
case, it makesit likely that Maltawill be able to purchase GoOs to help meet their targets, for example
from a negotiated bilateral agreement with another Member State such as Germany rather than through
simple purchase off a pan-European market.

A4 European Electricity Industry

The concept favoured by the large power producers (e.g. EURELECTRIC) and the traders of
electricity (EFET) isto bring legal certainty by creating an EU wide renewables certificate market.

Some smaller domestic eectricity generators, however, are concerned about the damage to confidence
in their respective domestic renewable electricity marketsif full GoO trading were to be allowed.

(RECYS) Internationa is a membership association that promotes an international renewable energy
market. It has created a Renewable Energy Certificate System (RECS) whereby a standard certificate
is issued as evidence of the production of a standard renewable energy quantity and an established
methodology allows the certificates to be traded across borders. One certificate is issued for each
MWh of renewable electricity generated by a RECS International member.

RECS International members include European electricity generators, as well as other renewable
energy stakeholder groups. There are membersin 24 countries, 19 of which are EU Member States.

In a RECS International position paper regarding the EU Renewables Directive, the association
proposes two alternative options for opening up the European renewable energy credit market. The
first isto introduce a stepped approach to opening up the market, starting with 20% in 2010 and rising
every two years after 2010 by a further 15%. This would continue until 80% of the market was open in
2018, at which point it would remain fixed. RECS argues that the remaining 20% that is not open to
the pan-European market would be sufficient to protect individua national interests. RECS does not
support the opt-out option proposed in the draft Directive, based on alack of justification, and in fact
suggests that it would constitute “a restriction on to the free movement of goods and the prohibition of
state monopolies of acommercial character” and thereforeillegal.

The alternative option proposed by RECS is a cluster market. Under this option, Member States would
choose to team up with other Member States and form a cluster market, so that cross-border trading is
made possible but only with a limited number of other Member States. This would enable Member
States with feed-in tariffs, for example, to choose to trade only with each other, making harmonisation
across the national schemes more feasible. Equally Member States with quota systems could cluster
together.

Both of the above options clearly have support from RECS International members, many of which are
key electricity market stakeholder, and either option could provide a sensible solution when the EU
Renewables Directive is finalised. If either approach is adopted, the result will be that importing of
GoOs will become an option for Malta.
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A.5 European Renewable Energy Council (EREC)

The European Renewable Energy Council (EREC) is an umbrella organisation of the European
renewable energy industry, trade and research associations. EREC is supportive of some flexibility to
help small Member States and those with lower GDP to meet their targets. It supports the potential
introduction of a flexible mechanism allowing exchange or cross-border fulfilment and trading of
renewables credits (for target realisation), provided it is granted under the following boundary
conditions:

6. The mechanism must be operated on a Member State level only and not on a company level.
7. National binding intermediate targets must be put in place.

8. Theuse of such a mechanism should be allowed only after the exporting country has met its
national intermediate target and is on course to meet its next target.

9. Only production exceeding the interim target may be transferred.

These conditions appear reasonable, and if adopted into the proposal would still allow Malta to meet
some of their target through the purchase of GoOs.
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Appendix B

Table 6-3: Renewables support schemes of the major EU markets

Country Incentive Scheme  Features

Germany Fixed feed-intariff ~ Feed-in tariffs are guaranteed for 20 years (Renewable Energy
Act). Furthermore soft |oans are available.

Tariff depends on
Technology used
Y ear of commissioning

Y ear of operation

Italy Tradable green Obligation (based on TGCs) on electricity producers and
certificates importers. Certificates are only issued for renewable el ectricity
(Certificati Verdi —  capacity during the first 12 years of operation, except biomass
CcV) which receives certificates for 100% of electricity production

Feed-in tariff system for first 8 years of operation and 60% for next 4 years.

for photovoltaics Separate fixed feed-in tariff for PV, differentiated by size and
(introduced in building integrated. Guaranteed for 20 vyears. Increases
August 2005). annually in line with retail price index.

Spain Feed-in tariffsand Electricity producers can choose a fixed feed-in tariff or a
premium premium on top of the conventiona electricity price. No time
limit, but fixed tariffs are reduced after either 15, 20 or 25
years depending on technology. Transparent system. Soft
loans, tax incentives and regional investment incentives are
available.

Sweden  Tradablecertificates Obligation (based on TGCs) on electricity consumers. For
wind energy, investment incentives and a small environmental
bonus are available. The scheme has been introduced in 2003
and is running at least until 2030. At the moment a discussion
about a unique support scheme for the Nordic region (Noway
and Sweden) is ongoing.

UK Tradable certificates Obligation (based on TGCs) on eectricity suppliers.
Obligation target increases to 2015 and guaranteed to stay at
least at that level until 2027. Electricity suppliers which do not
comply with the obligation have to pay a buy-out penalty.
Buy-out fund is recycled back to suppliersin proportion to the
number of TGCs they hold. UK will introduce technology
banding by differentiating certificates awarded to renewable
electricity technologies. A tax exemption for electricity
generated from RES is available (Levy Exemption Certificates
which give exemption from the Climate Change Levy).

B-1
253415/01/A - January 2009/B-1 of 2
C:\DOCUME~1\pac49445\0TL ocal\PIM S LIVE\Workbin\9F13F6.0\Feasibility Study for Increasing Renewable Energy Credentials_Final Report_v9.doc/CP



Feasibility Study for Increasing Renewable Energy Credentials Mott MacDonald
Malta Resources Authority

Figure B-1: Green certificate prices in Sweden
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Appendix C

The following pages show printouts of the Mott MacDonald financial model used in the comparison
analysis.
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