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In 2010, we depicted PV as a runner towards competitiveness

Time of competitiveness reached and level of system price in 4/Wp?

2011 | 2012 | 2013 | 2014 | 2015 | 2016 2018 | 2019 | 2020 |

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 |

Size of PV system in kw ¢ 3 500 @

1. Data based on average irradiation; Symbols contain the installed system price in 4/Wp needed to reach competitiveness
Source: EPIA Study: PV - competing in the energy sector; A.T. Kearney analysis A.T. Kearney 43/09.2012/20398p 3
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PV has experienced rapid growth in the EU with Germany

| eading by far. Sever al mar k et
Evolution of cumulative installed capacity 2000-2011, Europe
(MW)
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To understand impacts of high penetration PV on electricity markets, a look at

Germany is instructive.

Source: EPIA Market Outlook 2016
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Peak prices are coming down and the mid-day peak is history 1
structural changes impact the European power market

Ratio of average prices of peak hours to the annual average of EEX spot prices
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Source: IZES Kurzstudie. Kurzfristige Effekte der PV-Einspeisung auf den GroB3handelsstrompreis, Januar 2012
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AConvergence

between peak
and base prices
IS currently
decreasing
trading margins
for all
generation
technologies

AStructural

changes at the
power market
Increase
uncertainties
but also offer
opportunities
for new models
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The current structure of electricity prices will not be sustainable
ifa Astructural earthqgquakefd is

Average electricity prices for households? Alncreasing
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APV Self-
consumption

i
l will undermine

tax revenue
as well as grid
financing

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012*2013*

VAT CHP law [ Renewable energy [ Electricity taxes [l Concession levy [ Grid-charges I Energy (before
support (EEG) (before 2005 in 2005 incl.
the energy share) distribution

*2012 Data based on BDEW 2012, split in grid and energy based on 2011. 2013 data based on forecast EEG surcharge and resulting VAT
change. Rest assumed to be unchanged.
Source: BDEW, German TSOs website: www.eeg-kwk.net A.T. Kearney
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Dynamic grid parity 1 s better
full story.

Definition of PV competitiveness

ACompetitiveness of PV elecitricity
defined by EPIAasfidy nami ¢ griithd parid yo

moment at which, in a particular market segment in a

specific country, the present value of the long-term net

earnings (considering revenues, savings, cost and

depreciation) of the electricity supply from a PV

installation is equal to the long-term cost of receiving
traditionally produced and \suppli e

Source: EPIA Market Outlook 2016, A.T. Kearney
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PV is likely to reach dynamic grid parity and generation
competitiveness in Germany in 2014 for average irradiation

PV LCOE & competitiveness projection Germany 1T various systems sizes

Dynamic grid parity: 2014

Installed system price 2014: 1800 U/kWp

Attractive for households to invest in
0.25 - own PV generation without feed i in
tariff support

0.20 \
B—

Dynamic grid parity: 2014

0.10 4 Installed system price:
1550 u/kWp
Attractive for Generation competitiveness: 2015
commercial electricity Installed system price: 1300 U/kWp
0.05 4 user to have service Attractive for power generators
provider install PV to invest in PV rather than gas-
system on roof fired plant
0.00 T T T T T T T T 1

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

— ¢c-Si3kWp — ¢-Si 100 kWp — c-Si 10 MWp

Source: A.T. Kearney European PV LCOE and competitiveness model

Key assumptions LCOE

A System lifetime:
25 years increasing to 34 in 2020

A Inverter lifetime: 10 years

A Average Irradiation Germany: 1285
kWh/m2/a @optimal angle

AWACC:
T Household: 4.5%
T Commercial: 6%

Key assumptions competitiveness

Share of self-consumption:
T 3kW: 30%
I 100 kW: 75%

A Ability to sell excess production at
wholesale electricity prices

A Grid electricity price increase:
3% p.a. until 2020, 2% p.a. > 2020

A Natural gas price increase:
6.6 % p.a. (IEA new policy scenario)
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If we compare PV LCOE against end consumer prices, we
assume that others pay taxes and grid tariffs

Composition of electricity tariffs Impacts of increasing PV self-
consumption

Electricity price

i

Taxes and concessions Increasing as the base of
consumption decreases due to

energy efficiency advances and
] ] self-consumption
Grid Tariff
Network Meterjng Grid utilization
loss charge + iﬁg’r'g: + charge
ariable) (0 . Decreasing as electricity value
varevle s on wholesale markets decreases
+ due to subsidized volumes and/
: : or low marginal cost of
Generation & Sales price renewable energy

Taxes and surcharges will increasingly drive final electricity prices i unless

political decision makers decide to raise budgets differently

Source: SunEdison & A.T. Kearney Study: Enabling the European Consumer to Generate Power for self-consumption, November 2011



Well, maybe

PPAs would help?
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Sure, for example industrial consumers for whom renewables
pose an investment challenge might be interested to sign a PPA

Renewable energy supply options of industrial consumers

Resource

Low A

Green Power Alndustrial end consumer
i often favor contracts
certificates Purchase

over own asset
. Agreements

investment
Contracting AThis allows to use different

_ _ Service levels of investment
Medium . Projects with contracts thresholds in various

partial ownership industries

AHowever, some regulators
restrict the use of long
Asset invest term contracts to
@ rorects with T T
High full ownership > sector

High Medium Low ALeasing or contracting
Capital Requirements models etc. might be

better suited to solve this

Source: A.T. Kearney analysis. See also A.T. Kearney Whitepaper: The Profitable Shift to Green Energy, October 2012
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If an industry player would want to have a renewables PPA, why
would he chose PV anytime soon? He might in Spain, though.

Levelized cost of electricity of selected renewable energy technologies
(Gct/kWh)
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Source: A.T. Kearney Analysis
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For now, many things need to be done at the same time.

A Use the opportunity of self-consumption business models but remain aware of the
sustainability risk for the overall system and your customer

A Get smart about options integrating PV in VPPs to deliver firm green power at blended prices
A Stay abreast with the discussion on reserve capacity markets

A Join projects that develop short term and seasonal storage options

A Keep track of the evolution of grid rules and market design changes

A Be an active and constructive part of the policy debate with a total system view and line of
argument

Despite all landmines, PV players need to give up the FiT mindset and become

an active problem solver and solution provider in the energy market

Source: A.T. Kearney Analysis



An then, a miracle
happens.

Hopefully
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A holistic design of policy & market mechanisms clears many of
todayos mines and enabl es susHi

Emission Trading Energy

Scheme (ETS) Efficiency

Dynamic growth of renewable energy Increased energy efficiency will

reduces need for Carbon emission dampen energy needs
certificates which depresses the price Renewable
Energy policies

Power System Smart grids &

Flexibility &
Market desing TEUEE
System investment in grid, storage, Ensure that smart energy is used as
flexible consumption and ensure an enabler for sustainable business
viability of backup capacities models incl. PV

A herculaen task which needs to be prepared on EU level now.

Source: A.T. Kearney Analysis
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Thank you for your questions!

jochen.hauff@atkearney.com
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Selection of A.T. Kearney's public studies on solar PV and CSP

Set for 20201 Solar Solar Thermal Unlocking the True Value of PV in Competing in the Empowering the

Photovoltaic Electricity 2025 Sunbelt 1 Germany Energy sector European

Electricity Potential of Consumer to

Photovoltaics generate power for
self-consumption

APublished study for ABusiness Issue Paper APublished study for APublished study by AEPIA Study published ASunEdison Study

EPIA, i jointly with ESTELA, EPIA, Phoenix Solar with in September 2011 authored by

March 2009 June 2010 September 2010 A.T. Kearney with the support of ATK A.T. Kearney,
AlLaurent Dumarest, AJan Stenger, Jose AJochen Hauff, Marnick authorship, November AJochen Hauff, Gunter December 2011

Silvio Belletti, Jochen Alberich, Dominik Verdonck, Harold 2010 Nickel, Mareike AJochenHauff, Dennis

Hauff, Foucar, Adrian Kirste, Derveaux, Jose AJochen Hauff, Hannes Hummel; Laurent Rendtschmidt, Inigo

Goncgalo Dumiense Alberich, Laurent Losch, Gunter Nickel, Dumarest Aranzabal, Jose
Dumarest Jan Stenger Alberich

ADefining a roadmap ACSP technology and  AQuantifying the AQuantifying the ADefining the Aldentifying self-

for PV becoming a industry roadmap potential of PV in the economical and competitiveness race consumption status,

mainstream energy until 2025, including wor |l do6s Su n bsedatbenefit of PV for major markets in business models and

supplier in Europe
until 2020

AEnglish version of
Executive Summary
available

grid and policy

preconditions
AEnglish version

available

Source: A.T. Kearney

including detailed
country assessment

AEnglish version
available

for Germany
AGerman and English
versions available

the future.
AEnglish version
available

barriers. Proposing
policy changes and
stakeholder dialogue
AEnglish version
forthcoming
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Our Global Solar Network connects solar energy experienced &
passionate colleagues around the world

A.T. Kearney solar network
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A. T. Kearney Awal ks the tal ko
all dimensions and are carbon neutral since 2010

PROUDLY CAR NEUTRAL

A. T. Kearneyds Global Sustai name'SUffMab”P/l

We address all areas of Overall

sustainabi | it yAéstiutionalize sustainability management in all dimensions within the firm
globally, in profit centers and offices

AlLeverage best practices from several office-level initiatives already ongoing
Environment
Alntroduce new environmentally friendly client delivery models

AReduce our global CO2 footprint by min. 5% in 2008 10% in 2009 and 20% by
2010 by reducing emissions in travel and offices

ABecome 100% carbon-neutral starting in 2010 by offsetting our entire remaining
carbon emissions with investments in climate protection projects at highest
international quality standards

AReduce resource consumption (paper, water etc.) in our offices
Social

AExtend pro-bono work and community support

Almprove the work-life balance of our employees

Economic

ACommit and measure adherence to business code of conduct

ein a | % l obal s us Rkleldh Aibd-blisihels Yodels together with clients
pledge

Economic

Maximum
Benefit

Environ- Social
ment

A.T. Kearney is the first global top management consultancy to announce and

achieve ncarbon free consultingbo




