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enervis - power market services

enervis applies models, data and market
experience to evaluate energy assets.

Long-term power price forecasts for:

PV and Wind
Conventional Power Plants

Combined Heat and Power

Storage
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Status Quo: Market Parity of Renewables in 2018

PV reached market parity in Southern Europe and is close to in some more Central and Eastern countries.
Onshore Wind reached market parity in the North West and is close to in the Nordics and North Eastern countries.

North West

Onhsore Wind projects
reached market parity.

South West and South

PV and some Onshore
Wind projects reached
market parity.

Market parity status:
- Reached for PV projects

- Reached for Onshore Wind projects

|:| Within reach for some projects (Wind/PV)

Nordics

Some Onshore Wind
projects have reached
market parity.

Central and East

Some Onshore Wind and
PV projects are close to
reaching market parity.

South East

With the exception of PV in
GR, market parity has not
been reached.
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Capture prices and LCOE of PV in Europe 2015 - 2018

Analysis of historical data and indicative LCOE ranges / Assumption of identical underlying technology for comparability of LCOE values
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In a majority of European countries, historical capture prices of PV lie within reach of project LCOE, thus

having reached market parity in some, notable southern, countries in 2018.

* Capture price values for countries split into price zones: weighted averages (zonal). LCOE ranges obtained based on examplary technology, country specific financing assumptions for merchant projects and high-resolution weather data.
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Revenue risks

Merchant chances and risks associated with the investment in a renewable energy project

Uncertainty about
general price level
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cannibalization effect
(generation technology)
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General market assessment

project specific assessment

PPA specific assessment
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Revenue risks

Merchant chances and risks associated with the investment in a renewable energy project

Uncertainty about
general price level

N ———

cannibalization effect
(generation technology)

€/MWh

Avg. capture price
project capture price
fair value of PPA
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General market assessment

project specific assessment PPA specific assessment
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Development of European Wholesale Power Prices

Almost every European power market saw a steady increase in base prices from 2016 — 2018 due to rising coal, gas
and CO, prices (introduction of market stability reserve)

2016
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Cannibalization of Onshore Wind capture prices 2018

Analysis of technology specific average wholesale capture prices based on historical hourly wholesale prices per
bidding zone and historical hourly production data / Graphs show average capture prices relative to base

2018
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Revenues of Onshore Wind are under pressure with higher penetration rates, resulting in specific average
| market revenues slightly - and up to two-digits - below base.
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Historical cannibalization effect of PV - Italy

Due to an increase of photovoltaic installations in the last 10 years of about 21 GW, the percentage value of the Spot

price in Spain during the noon hours has dropped sustainably

Historical growth in PV capacity

Average power price profile

25 1GW 200% T
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140% | with installed PV
capacity over years
120%
100%
80% ___‘M
60% S 4
N
40% \--h-'/
20%
0%
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 12345678 9101112131415161718192021222324
2008 e———?2009 e=—?010 —?016 ———2017
Source: Gestore Mercati Energetici (GME) Italia
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Drivers of future Power and Capture Prices

The future development of capture prices is mostly determined by commaodity prices (gas, coal, CO,), conventional power
plant capacities (coal, nuclear phase-out plans) and future deployment of RES from tenders and merchant projects

Fuel / CO,-price
development

Development of LCOE
RES tender volumes

Conventional power
plant capacities

Net transfer capacities
(NTC)

Storage and flexibility

Development of
electricity demand

Capture Price Impact Project-level Impact
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Project
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** Capture
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Technology

time
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Options for PPA risk management

Hedging options and risk management products for renewable PPAs

Traded futures on a base product

(EEX: t+6 yrs; market demand for t+10 yrs)

PPA risk that can be covered
with a tradable product Traded futures on a technology-specific market value
(not available yet, possible follow up)

Classical hedging of price risks /
market value risks

Traded options (month/quarter/year) to cover missing
vs. the spot market

volumes (limited to months)

Generator unavailability, | Traded options to cover missing GoO volumes (not
continuous loss of volume available yet, possible follow up)

Traded futures on wind year (available but rather

Deviations in complex and not fitting to actual price zone)

wind/PV year, change of

expected generation volume Reduced PPA volume (P-90) to cover underproduction
risk (typical RES PPA approach)

Counterparty risk,
credit risk Counterparty risk mitigation possible through clearing
house (cash settled hedge)

. @
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How to hedge RES Wholesale Revenues?
Value-neutral hedge for a PPA

Hedging of PV and Wind generation in the futures market: ,,value-neutral hedge*

Producer
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Futures product Sales volume (base load of ~ 1.3 MW)
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PPA valuation: Profile, Location, Volume Risk

enervis PPA-Atlas (PV) Project specific valuation

abs. Marktwert
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Ausrichtung 90% Flache
1800 [
Neigung
300

Zeitraum

Poland B

Koordinaten 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Lange
Lange eingeben

rel. Marktwert

(Ausr-180° - Neig :30%)

*Brussels.
Belgium

Breite
Breite eingeben

<4810 €/MWh
< 48 20 €/MWh
< 48 30 €MWh
<4840 €/MWh
< 48 50 /MWD
< 43 60 €/MWh
<4870

< 48 80 €/MWh
) < 43.90 €/MWh
Viennas ,er o« 4000 emwn

<4910 €/MWh
Austria < 49.20.€/MWN. g
o o RGN

Switzerlant c.nci yap ties by Stamen Desion, BY @0 Hap dala © DpenSireellfap contribulors, CC-EY-54

«Prague
Czech Republic

Wahlen Sie eine Darstellung.
absoluter Chart ~

«Bem

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

_®
EEX Group Workshop page 14 Subsidy-free Renewables in Europe: e n e PVl S
Hedging of PPA Price Risks 0



|:| Country reports available

enervis long-term market study

European Power Market Outlook
2019 - 2050

Available
countries

Scenarios

Spot prices

Merchant
renewables

Capture prices

Capacity and
generation mix

Export-balance

Summary

Detailed set of
assumptions

DE, AT, CH, FR, BE, NL, PL, CZ, SK, HU, GB, ES, PT, IT,
DK, NO, SE, FI, BG, MK, AL

Best guess scenario or three
consistent scenarios (high, medium, low)

Base, Peak, Off-Peak and Spreads

Modeling of additional merchant renewables, if
economically feasible

PV, onshore and offshore wind

By fuel and technology

Net-exports by border

Management summary of major drivers and scenario
results by country.

Fuel and CO2 prices, cost of generation technologies,
NTCs, renewable trajectories, number of EVs, electricity
demand etc.
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renewable energy valuation tool

European Market Value Atlas. AN L 00t
_ _ ) . | - *Brussels s
Online tool for valuation of site specific Wind Onshore and PV market values... geigium
Luxemburg -
mm . o Luxembourg
of Nl o Manni
SELECTION
wanutacurer  [IEIECTNED Regions Germany and France Pari ,,;7 .
N ATy v
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rerice [ETES | }
Py Time Frames Real data based on the past few years:in power markets o d o Zuric!
Scenario based long term forecasts up to 2050 eBemn
Select file
Switzerla
Long Lat, Desciption(opt )
?'f{”‘Cl‘ o Gonviva
Customization Precise location, turbine type, hub height
(g alElseyy
Applications Optimized bidding strategies in tender processes 3 oTurin
Superior valuation of market upside potentials
Negotiation support for green PPAs
. '.F.'ym.r'rl)
Handling Fully web-basedpExcel export, data interfaces o!
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Tim Steinert

tim.steinert@enervis.de
+49 (0)30 695 175 23




Disclaimer

© enervis energy advisors GmbH 2019. All rights reserved (rights of third parties excepted). This includes all commercial
purposes and any further distribution without the permission of enervis.

To the extent permitted by law and if not contractually specified otherwise enervis does not accept or assume any liability,
responsibility or duty of care for any consequences of acting, or refraining to act, in reliance on the information contained in
this document or for any decision based on it.

The data and information contained in this document have not been collected or reviewed by enervis and are partly publicly
available. Therefore, enervis does not assume any liability for the correctness and completeness of the data contained in this
document.

This document does not take into account events that occurred after this time, nor their effects.

This document contains forward-looking statements and reflects the current perspective regarding future events and market
developments. Actual results may differ materially from the expectations expressed or implied in this document due to known
and unknown risks and uncertainties.

The contents presented here are inseparably linked to the specific question or project and are only valid under the contractual
conditions agreed with the client, which may not be accessible from the document itself. This applies in particular to documents
that are not explicitly marked as expert opinions. The transferability to other issues (such as in legal proceedings and
arbitration) is generally not given and would have to be examined by enervis in individual cases and confirmed in writing.
Documentations that are marked as "short studies" only briefly reproduce the contents of a project. Documentations marked as
"results papers"” also focus on the results of a project and do not deal in detail with assumptions and methodology.

Readers should not act upon the information contained in this document without obtaining specific professional advice (like
consultants, lawyers).
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enervis

Schlesische Str. 29-30
10997 Berlin

Germany

Tel: +49 (0)30 695175-0
Fax: +49 (0)30 695175-20
Email: info@enervis.de

www.enervis.de



