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Dii’s mission is to create Solar and Wind markets Dii
in the Middle East and North Africa

‘What has to be done to cover, in partnership with the
MENA-region, a substantial part of
Dii mission the local and European demand with electricity from
sun and wind?’

Create a favourable Enable Develop
Dii objectives regulatory concrete reference a Rollout Plan
environment projects until 2050

Source: Dii
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System perspective: integrated power system Dii
for the Middle East, North Africa and Europe N\

» In cooperation with
' 2 O :) O Fraunhofer ISI

Desert Power » First study considering electricity
demand in all of MENA and Europe

» Detailed RE potential analyses for
all of EUMENA

» Full year considered in hourly
resolution

» Industry backed cost estimates

» Only high voltage transmission, one
node per country optimized

» No off-grid installations

Dii GmbH September 2012




A total of 17 scenarios has been analyzed with Dii
respect to power system integration \\ Tt

Main

Paradigm

Medium Impact Low Impact

Shifts

Scenarios Changes Changes

Low Demand

Conneclied Connected/ Delayed Grid Delayed Renewables
Scenario Cost Curves
Reference x2 x4
Referen.ce Nuclear/CCS Delayed E-x PENSIve Cheap Batteries
Scenario Grid

Delayed Climate High Land Use Maximum
Action Europe Cooperation
Unlimited Carbon High Capital
Emissions Cost MENA No NREAPs
Source: Dii, Fraunhofer ISl
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e D
Cost of Solar and Wind are decreasing rapidly N\ pridging continents

System cost per kW! in percent of 2010 cost estimate Technology cost 2050
100%
90%
80% 80% Wind on-shore:
900€/kW
70% 70%

. Wind off-shore:
60% 1350-1900€/kW?2
40% 40%

Utility PV:
0% + . . . . . . . - 30% 700€/kW

2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: Dii 1. Refers to nameplate capacity, i.e. kW, (kW peak) for Utility PV and Wind and kW, (kW electric) for CSP 2. Depending on distance to coast/sea depth
© Dii GmbH September 2012




MENA PV potential virtually infinite N\

EUMENA Utility PV potential based on 2050 cost estimate
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Technology 2050 | Invest [€/kW] | O&M fix [€/kW p.a.] | Lifetime

40 EUMENA high demand
Utility PV 700 19 (2.75% of invest) 25a

30 I I I I : I I : I I : I I I I
0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000 50,000 55,000

TWh p.a. potential

Source: Dii, Fraunhofer ISl
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DP2050 electricity mix: High demand in Egypt D"
and Middle East, met by Solar and Wind \\ pekdaiog contian

bridging continents

Connected Scenario - : f;j]’“"’ (5

Generation and interconnector capacities
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Except for off-shore, technologies replaced = Dii
mostly within the same region
Changes from Maximum Cooperation to Delayed RE Cost Curves [GW]

cspP Utility PV Wind on-shore Wind off-shore

BNL 5 3 4
CE 7 -8 2
DE -2

FR 29 -6
Iberia 6 -21

IT -22

Nordic 8 3

P&B

SEE

TR

UK&IE

Maghreb
L&E
ME

r ! 1 [ I ! 1

-100 O 100 200 -100 0 100 200 -100 0 100 200 -100 0 100 200

[] Gas [[1] wind on-shore [l Wind off-shore ] csp [ ] utility PV Source: Dii, Fraunhofer ISI
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Spain is self relient when own solar produces, S Dii
uses imports rest of the day A\

Average load and production per hour of day in GWh

Average summer day Spain [GW] Average winter day Spain [GW]

1 6 12 18 24h 1 6 12 18 24h

— Load Supply: - Import |:| CSP storage |:| Utility PV - Wind on-shore
- Export - Gas - CSP direct - Wind off-shore - Other renewables

Iltrr%gH Dil, Fraunhorter 151 September 2012




Saudi Arabia relies heavily on CSP and PV - Dii
im-/exports used to balance day/night time N ;5Gging continent

Average load and production per hour of day in GWh

Average summer day Saudi Arabia [GW] Average winter day Saudi Arabia [GW]
109 109
92
=
58 T~
1 6 12 18 24h 1 6 12 18 24h
— Load Supply: - Import |:| CSP storage |:| Utility PV
= Export - Gas - CSP direct - Wind on-shore

mlérrﬁglﬂ Dii, Fraunhoter 151 September 2012




14GW of very cheap storage enables increase in Dii
PV capacities in Turkey by 28 GW NNWY feremavieeners

No NREAP minus high interconnected without self supply limit
38

39

FR BNL CE DE Iberia IT Nordic P&B SEE TR UK Maghreb East ME
IE NA Total

- PV - Wind on-shore - Gas

- CSpP - Wind off-shore - Storage

Note: comparison No NREAP vs. interconnected without self supply limit

© Dii GmbH September 2012




Value of PV in a EUMENA electricity system

PV potential is virtually infinite and much larger than that of Wind or CSP

In an integrated, sustainable power system, PV as well as Wind and CSP will all play a crucial role
with hundreds of GW installed — confirmed by more than a dozens scenarios

PV installations in sunny countries are limited by peak demand and the ratio of peak vs. valley
demand

In a highly interconnected system, even eight hour storage at 500€/kW does not dramatically
change this

As of today, interplay of long distance bulk power transmission and distributed PV/storage cannot
be modelled comprehensively

Long term perspective for PV in EUMENA is hundreds of GW of installations
- advantages of modularity and speed of installation should be leveraged today

© Dii GmbH September 2012 13



DP 2050 as target picture — second part of study i Dii
to illustrate pathways 2012-2050 \\\\

Renewable energy
bridging continents

Target picture Pathways to implementation
(Summer 2012) (Early 2013)

Desert Power 2050: Desert Power 2050: Getting Started
Perspectives on a sustainable power
system for EUMENA Actionable recommendations on all key
aspects of implementing a fully integrated
EUMENA power system based on RE
Ramp-up of MENA RE

Electricity highways connecting MENA
& Europe
Public support design phase-out

Which technological and geographical mix Institutional framework

of RE is best suited to provide the EUMENA Socio-economic effects
region with a sustainable, reliable and
affordable power system?

Source: Dii
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3 Dii DESERT ENERGY = Dii
CONFERENCE BERLIN | 2012 NN [envatierersy
7" - 8" November 2012

EUMENA
POWERED BY RENEWABLE ENERGY




Dii
Disclaimer

The following terms & conditions govern any release of information by Dii GmbH and its Affiliates (verbundene
Unternehmen within the meaning of Section 15 et seqq. German Stock Corporation Act; "Affiliates"). Any
Information is provided to you in our sole discretion. No representation or warranty is made by us or any of our
directors, employees, advisors and/or other agents and representatives ("Representatives") as to the accuracy,
reliability and completeness of the Information. The disclosure of the Information does not constitute or create any
contractual relationship between you and us or any duty of care of us towards you and/or any other third party to
whom the Information is disclosed or into whose hands it may come. We accept no obligation to provide you with
any updates and/or any further explanation on the Information made available to you. Further, we do not accept
any obligation to correct any inaccuracies in the Information made available to you. Any Information was collected
or prepared by us or on our behalf solely for our purposes and not with regard to possible interests of you or any
third parties. Any use you make of the Information is entirely at your own risk. To the extent legally permissible, we
shall not be liable to you in any manner and on whatever legal grounds in connection with the Information and any
such liability is hereby excluded and waived. You will not, and you will ensure that your Affiliates and your and their
Representatives will not, bring or otherwise initiate any claim, action, suit or proceeding against us or any of our
Representatives with respect to any matter contained in, omitted from or otherwise arising in connection with, the
Information. Any claims of you for fraud or wilful misconduct (Vorsatz) as well as claims for injury of life, body or
health shall not be affected by the foregoing. You acknowledge and agree that you will treat any Information strictly
confidential. You must not disclose any Information without our prior written consent to third parties other than
your Affiliates and your and their professional advisors, provided that any such disclosure is permitted only if the
recipient acknowledges and agrees in advance in writing (including fax and email) for the benefit of Dii to accept
and be bound by these terms & conditions. Any amendments to these terms & conditions must be made in writing.
This applies also to any agreement which amends the foregoing requirement that all amendments must be made in
writing. These terms & conditions shall be governed by and construed in accordance with the laws of the Federal
Republic of Germany, excluding international private law (Internationales Privatrecht). The venue shall be Munich.

© Dii GmbH September 2012 16
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