;

r RENEWABLE
POWER

LEADING THE GLOBAL TRANSITION TO RENEWABLE ENERGY

Oxford University Energy Colloquium March 10t 2015

GRID AND SUPERGRID

A EUROPEAN ENERGY FUTURE



Robert Boyle o e

The man who foresaw the electric society

Boyle Papers 8, fols. 209, The Royal
Society

http://theappendix.net/issues/2014/7/
perchance-to-dream-science-and-the-
future
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Grid and Supergrid

* Supergrid — the background
* The policy context

* The technology



Mainstream at a glance

MAINSTREAM
RENEWABLE
POWER

Founded Over 120 : Active in over
in 2008 employees ™ 6 countries

47~ MainstreamRP @MainstreamRP - Oct 28
Check out a video of our Jeffreys Bay #windfarm - largest in Africal
vimeo.com/106894833 @Engineerlreland buff.ly/1t36MmN

V Vimeo

Jeffreys Bay Wind Farm

View on web
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Construct,
finance and

| operate renewable

energy projects

334 MW in
construction
and operation

17,000 MW in
development "

Cape Town

€352 million
raised in
corporate
finance

@ Mainstream offices
() Countries in which Mainstream are active

1.

As at May 2014

€580 million in
project level
debt and
equity raisedl,
>




The modern wind turbine
A highly efficient industrial power plant

Rotor diameter (m)

First Airtricity
Windfarm
6.4MW — 250kw WTG

Mainstream
Neart na Gaoithe offshore power station
450MW - 6MW WTG
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Supergrid

Europe is embarking on a once-off
transition to sustainability and
Supergrid will revolutionise

how we generate, transmit

and consume electricity

for generations

to come.
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Who are the Friends of Supergrid

A European industrial initiative with a mutual interest in promoting
the policy agenda for a European Supergrid:

CESI
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Smart solutions. eneray e Blue Energy Powering a world in progress
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The electric society

the “we have done it like this for
a century” value chain in
developed electricity markets will
be turned upside down within the

*  “Utility death

spiral”
next 10-20 years. * Utiliti
UBS August 2014 Power sector enelrgf/ssaesrvices
business models providers

*  “Intelligent” and
active consumers

* Electric vehicles

Energy

e No new fossil

plant Sustalnablllty d d f and solar pv
e Carbon taxes and cIimate €manas o * Domestic/local
* Largescale tion modern storage
variable acC . e Anticipatory
generation SOCIth technology

* Biggrids



Generation

Onshore wind, coal and gas

WIND IS NOW CHEAPER THAN NEW COAL AND GAS
LCOE IN AUSTRALIA (AUD/MWH)

------------------------------------------------------------------------------

AUD/MWh
200 |

180 - Coal + carbon
160 1 CCGT + carbon
140 —///__—_—'——’__"_

120 - CCGT
100

80

60 -
40 -
20 -

0 -7
2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Note: Levelised cost of energy is the dollar per megawatt-hour price for an inflation adjusted, fixed-price
power off-take agreement that, taking into account all project specific costs, offers the sponsor and/or
project developer the minimum equity return necessary to undertake the project without subsidy. Source: Bloomberg New Energy Finance

Bloomberg | | | | UNCERTAINTY: THE NEW CERTAINTY, 24 JULY 2013 9
NEW ENERGY FINANCE

With thanks to Bloomberg New Energy Finance
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LEVELISED COST OF ELECTRICITY, H1 2014 ($/MWH)

Marine - wave . 1037
Marine - tidal L Ba4
STEG - LFR L
STEG - parabolic trough )
STEG - tower & heliostat o e
Wind - offshore .
PV - thin film
PV -c-Si -
PV - ¢-Si tracking =

» PV projects
5 as low as

Landfill gas o
Geothermal - flash plant =
Natural gas CCGT Wil
Coal fired |
CcHP i —
Nuclear —_—— -
0 100 200 300 400 500
©Q2 2013 central ®H1 2014 central

Fossil technologies: mus B China B Europe W Australia
Note: LCOES for coal and CCGTs in Ewrope and Australia assume a carbon price of $201t. No carbon prices are Source: Bloomberg New Energy Finance
assumed for China and the US.
Bloomberg/ 1] Michael Libreich  REFF Wall Street  June 2014  #WREFFWS  @Mliebreich 17
NEW ENERGY FINANCE
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What is the Supergrid?

* EU 2030 direction of travel: -
— EU GHG target
— EU RES target
— EU Interconnection target
— Internal electricity market

* The Supergrid is a pan-
European transmission network
that: -

— facilitates the integration of
large-scale renewable energy

— the balancing and
transportation of electricity

— with the aim of improving the
European market.




Energy Union
The 2030 package

EUROPEAN
COMMISSION
Brussels, 25.2.2015
COM/(2015) 80 final
ENERGY UNION PACKAGE

COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE, THE COMMITTEE OF THE REGIONS AND THE EUROPEAN

INVESTMENT BANK

A Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate
Change Policy

— MAINSTREAM
4 RENEWABLE
POWER

= |
s

affordable Towards an 7

Energy Union

&9 WITH THE E

the largest energy importer SECURE ENERGY
ting €400 biltion/year, tate, to

1
1 billion/day, SOLIDARITY AND TRUST.

it »

over 10% of the
EUROPEAN POPULATION Speaking with ONE

cannot pay th s VOICE GLOBALLY.

2. ENERGY THAT FLOWS FREELY ACROSS BORDERS
@ WITH THE ENERGY UNION:

ets are largely national. This Fully INTEGRATED MARKETS.
me SS CHOICH S RESILIENCE,
HIGHER PRICES.

kud [T o

Some EU countries are ENERGY ISLANDS.
ENERGY INFRASTRUCTURE is AGEING. BETTER DEAL for consumers.

3. ENERGY-EFFICIENT PRODUCTS, TECHNOLOGIES, JOBS AND SKILLS OF TOMORROW
D TODAY: @D WITH THE EN
90% of housing sto:

INEFFICIENT. 94% of transpo
relies on oil.

»
A b
ENERGY EFFICIENCY IMPROVED by

at least 27 % by 2030.

4. AN ECONOMY THAT IS CLEAN, LOW CARBON AND ENVIRONMENTALLY FRIENDLY
& TODAY. WITH THE ENERGY UNION

CLIMATE CHANGE le J RENEWABLE ENERGY boosted,
7% of the
energy cc ed in the EU by 2030

‘&

Greenhous jases cut
east 40% by 2030.

@D WITH THE ENER

J has LOST GROUND on clean, LOWER BILLS for EU citizens.
LOW-CARBON TECHNOLOGIES.

L o> HD '
/I\ o e
EUROPEAN COMPANIES

to be world leading on renewable
and low-carbon technologies.

& #EnergyUnion
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Enabling technologies i
Supergrid and SuperNode
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The electric society

There is a convergence between
the business realities of the utility
industry, the energy demands of
modern society and our
sustainability requirements...
ABB 2014

Sustainability
and climate
action

Power sector
business models

Energy
demands of
modern
society
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The result will be a grid that is
largely automated, applying
greater intelligence to operate,
monitor and even heal itself. This
“smart grid” will be more flexible,
more reliable and better able to
service the needs of a digital
economy...

ABB 2014
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Supergrid technology o

Down with hierarchies

Schematic of Old and New Grids according to ABB - 2013
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2% MainstreamRP @MainstreamRPF - Feb 28

It will be the first time a UK offshore wind farm of this scale will be built
a l l O l I using project finance alone #CfD
S —
On track to be the e = 75 al
first large-scale o :—E:ﬁ* 350, .:3.. 1‘}?,.:? 3::::-:
offshore wind farm @9 =8 2= T es-
constructed, = =
connected to and pu—— 100s 14 ‘-(ﬁ,-ﬁ- A50MW
e pw e M Y oty
e CRRp

Capacity to deliver green power 10 a city the size of Edinburgh

Dr Eddie O’Connor R
March 2015 S

2% MainstreamRP @MainstreamRP - Feb 268

Mainstream’s Scottish offshore project wins Government contract in UK's
. 1st renewables auction goo.glizv4ksW
WWW.mainstreamrp.com

@MainstreamRP

ot o o wat 100M
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EU energy trends
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. Low carbon now largest indigenous EU energy
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http://ec.europa.eu/eurostat/statistics-explained/index.php/
Energy_trends



