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Oceans represent 72% of the surface of the earth




Renewable Energy potential is huge and the Sea is one of the areas
one should proactively address to solve world’s energy challenges
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There are significant synergies between wave and wind potential at

sea and they can be explored
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Despite significant potential both in wind and waves, Portugal has
failed to create (so far!) an adequate development framework
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Resource and market potential is huge

Wave energy’s worldwide potential is vast. In particular the west coast of Europe is very suitable for wave
energy development

e Worlwide wave resource ranges 2 TW (15% in Europe)

* 200 GW of world installed capacity (feasible) until 2050

Source: DTI, Carbon Trust @



There are 4 main types of technologies / energy conversion principles

and more than 100 tech. companies worldwide

Oscillating Water Column (onshore, Point Absorbers — Floating or submerged,
nearshore or offshore) usually hydraulic PTO

Articulated Overtopping (onshore, nearshore or

offshore)
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Resource and market potential is huge namely in deeper waters

Mean Wind speed (50m)

EU15 Potential

. Good offshore wind resource (load factor >
3.000h)

. Offshore wind potential is mostly in transitional
and deep waters (~65 %)

. Ports and docks available along European coast

. Continental shelf ends near the coast in many
countries (Limited Potential for water depths
40m)

. Grid connection available near the coast

Depth (m) 0 - 40 40 - 200 +
FR 80 GW 122 GW
Offshore |, 2 GW >10 GW
potential
SP 18 GW >80 GW

Source: Univ.de Zaragoza — Evaluacién Potencial Energias Renovables (2007); FEE @




For example Japan has ambitious plans to replace nuclear by

floating offshore wind

On-shore wind ressources in Japan

Off-shore wind ressources in Japan
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There are different technologies that target (and are more
competitive in) different water depths

Cost
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Portugal via the semi-submersible technology WindFloat is a
pioneer in deep / floating offshore wind technology

State of development of selected floating turbine concepts
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WindFloat has demonstrated its survivability and performance
in normal and extreme conditions. >8.3 GWh produced
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EDP is partnering with Repsol for the development of commercial
offshore wind projects in the UK

UK Offshore Wind Partnership

EDPR is leading the development of
up to 2.4 GW of wind offshore

projects with a 60% stake

= Partnering with Repsol, 15t class company in Energy Sector
with strong commitment to wind offshore capacity
development

= Sites to be developed in “transitional waters” (30-60m of
depth), 15-25 km shore distance

= Upon getting key consents, construction and operation
could begin between 2015 and 2020




During the last 15 years EDP has been consistently assessing and
developing opportunities at sea

Breakwater Project

Wave energy technologies evaluation, 2006
<,Oporto, 2007

European Ocean Energy
Plant — Azores, 1998

Multi-technology strateg
for wave energy

WINDFLOAT
Project



Given technology maturity offshore wind projects will likely
pioneer the exploration of renewable energy resources at sea

Technology maturity
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Offshore wind still has a way to go in order to become competitive
vis-a-vis conventional generation... Technology takes time to develop

Figure 1: Levelised cost of electricity, Q1 2013 ($/MWh)
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There are evident synergies between wave and offshore wind
businesses and Portugal can have a say

Wave Energy

Sources /
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Offshore wind
energy
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WindFloat, for example, represents an opportunity as it requires highly
skilled labour in traditional sectors, such as naval industry

FTE’s involved in the WindFloat Prototype (%)

Total*=210 WindFloat Prototype
Unskilled
5% *90% of highly skilled workers
*More than 70% of European
_ Suppliers
Engineer
39%
Qualified WindFloat Pre-Com Project (ESﬁm.)
Technician
o *More than 450 highly skilled
workers involved in a three year
project
_ i *More than 90% of European
* Not including other indirect participants also involved in engineering, investment and Su p p I ie rs

management activities from A. Silva Matos, EDP Innovation, EDP Renewables and InovCapital.



Closing remarks

* Oceans represent a significant opportunity and enclose a vast energetic potential

* In Portugal, stable and competitive frameworks should be put in place in order to
enable necessary investments

* Technology is developing: short to medium term — offshore wind; medium to long
term — wave energy

* Portugal is a pioneer in R&D and technology development and can have an important
industrial role







