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DISCLAIMERS AND RIGHTS

NOTHING IN THIS REPORT IS OR SHALL BE RELIED UPON AS A PROMISE OR REPRESENTATION OF FUTURE EVENTS OR RESULTS. AFRY HAS
PREPARED THIS REPORT BASED ON INFORMATION AVAILABLE TO IT AT THE TIME OF ITS PREPARATION AND HAS NO DUTY TO UPDATE THIS
REPORT.

AFRY makes no representation or warranty, expressed or implied, as to the accuracy or completeness of the information provided in this report or
any other representation or warranty whatsoever concerning this report. This report is partly based on information that is not within AFRY’s
control. Statements in this report involving estimates are subject to change and actual amounts may differ materially from those described in this
report depending on a variety of factors. AFRY hereby expressly disclaims any and all liability based, in whole or in part, on any inaccurate or
incomplete information given to AFRY or arising out of the negligence, errors or omissions of AFRY or any of its officers, directors, employees or
agents. Recipients' use of this report and any of the estimates contained herein shall be at Recipients' sole risk.

AFRY expressly disclaims any and all liability arising out of or relating to the use of this report except to the extent that a court of competent
jurisdiction shall have determined by final judgment (not subject to further appeal) that any such liability is the result of the wilful misconduct or
gross negligence of AFRY. AFRY also hereby disclaims any and all liability for special, economic, incidental, punitive, indirect, or consequential
damages. Under no circumstances shall AFRY have any liability relating to the use of this report.

All information contained in this report is confidential and intended for the exclusive use of the Recipient. The Recipient may transmit the
information contained in this report to its directors, officers, employees or professional advisors provided that such individuals are informed by the
Recipient of the confidential nature of this report. All other use is strictly prohibited.

All rights (including copyrights) are reserved to AFRY. No part of this report may be reproduced in any form or by any means without prior
permission in writing from AFRY. Any such permitted use or reproduction is expressly conditioned on the continued applicability of each of the
terms and limitations contained in this disclaimer.
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COAL TO BIOMASS CONVERSIONS - BACKGROUND

Coal generation is being challenged across EU. Coal to biomass conversions, under different
conditions, can still contribute towards EU decarbonisation targets

Economics of coal plants are being challenged by:
— Increase in renewable generation

— reducing running hours of thermal units

— reducing gross margins from sale of energy in day-ahead
market

— High CO, costs
— High fixed O&M costs
Arguments for Coal to biomass conversions:

— Could potentially provide an economical solution for flexible
renewable energy generation and security of supply

— Due short timelines required for coal to biomass conversions,
can be part of a solution for certain countries to be able to
reach RED 2020 and RED II 2030 targets

— Could potentially provide a temporary and viable solution for
coal asset owners to extend the lifetime of their plants

— Could potentially act as a “bridge” towards BECCs’ development

— Could potentially have a role for Green Hydrogen production,
when integrated with solar or wind production
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AFRY Services Offering

Energy Markets - Security of supply study

— How to remunerate capacity in different energy markets: think-
piece and proposed solution that is compliant with European
guidelines

— The value of firm (renewable) capacity

— Cost-benefit analysis at system level of providing financial
support to coal to biomass conversions

Energy Markets - Evaluation of plant’s generation patterns
and gross margins after conversion

— Operation in day-ahead and ancillary services’ markets
according to different biomass availability scenarios

— Calculation of all generation, revenues and cost metrics
Biomass Supply - Evaluation of biomass supply chains

— Domestic versus international biomass supply outlook and price
forecasting

— Assessment of different biomass fuels (i.e., woodchips, wood
pellets, agri pellets, torrefied and steam exploded pellets)

Coal to biomass conversions — Engineering services
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ENERGY MARKET CONTEXT

In 2019 coal and lignite electricity generation across EU28 reached 419 TWh. Together,
Germany and Poland accounted for 63% of the total coal power generation

Coal and Lignite Electricity Generation in 2019 across EU28
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ENERGY MARKET CONTEXT

In 2019 coal and lignite installed capacity across EU28 reached 152 GW, however the average
load factor only reached 31%

Coal and Lignite Installed Capacity versus Average Load Factor in 2019
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ENERGY MARKET CONTEXT

The RED II targets for 2030 will require additional renewable electricity generation across
EU28 countries, and coal to biomass conversions might still be considered in certain countries

Renewable sources in gross electricity (2018) versus 2030 REDII Renewable electricity Targets (EU28: EUC03232.5)
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ENERGY MARKET CONTEXT

High renewable energy targets under REDII for 2030, together with high expected intermittent
renewable generation might require flexible renewable generation

Expected share of renewable intermittent generation on total renewable generation by 2030 (EU28: EUC03232.5)
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COAL TO BIOMASS CONVERSIONS - BACKGROUND

Positive impact at system level from coal to biomass conversion can be quantified. An
argument for regulated income stream can be provided and framed within EU guidelines

Germany Environment - Coal Phase Out

Germany

10

Current lignite- and coal-fired power plants nominally still
account for more than 40GW of the country’s total freely
dispatchable power generation capacity of approximately 100GW
(not counting wind and solar)

Draft law to phase out coal by 2038 being debated in parliament
- government seeks to pass it before summer break 2020

Current market situation has large majority of coal-fired power
plants operating with negative margins, while their share of
generated power has dropped to around 15% in April 2020

However, projected increasing power prices in the context of the
German energy transition indicate a return to positive margins,
with the potential of a “golden autumn”

To ensure coal exit, government negotiated shutdowns against
indemnifications for lignite plant operators, while hard-coal
plants may be forced shut without indemnification after 2026

Sizable number of coal-fired plants are CHP plants - legal
viability of shutting them without indemnification is questioned
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Iberian Environment — High Renewable Penetration

Iberian 2030 national energy and climate plants

Portugal: 80% of renewable penetration (vs. 52.2% in 2018)
Spain: 75% of renewable penetration (vs. 35.2% in 2018)

Retiral of the entire Iberian coal fleet by 2025 (1.9GW in
Portugal and 9.2GW in Spain) and of more than 4GW of Spanish
nuclear capacity

Security of supply achieved through 1.2GW of large hydro in
Portugal, 8GW of interconnection with France and 2.5GW of
batteries, 3GW of pump-storage and 5GW of CSP, all of which in
Spain

Security of supply and generation patterns

Currently there aren’t capacity payments in Iberia, only

investment incentives valid for a specific horizon

Retiral of coal and nuclear, combined with uneconomical
operation of CCGT highlights the need for a revenue stream that
values firm capacity
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CHP SPECIFICITIES

Conversion of Combined Heat and Power (CHP) coal plants to biomass can make use of higher
paying capability, needs to take stronger seasonality into account for sourcing and storage

Stylised Load Profiles

Indicative load

Stacked-Income Business Seasonality of Biomass use

— CHP fuel use has significant seasonal
component, especially in Northern
Europe

— Economics of pure-play electricity
production from biomass are limited by
comparatively high price of biomass as - Heat

fuel and limited subsidies S ici
Electricity — Different biomass types have individual

Additional income stream from district
heating can create viable overall
business case

4

Available subsidies and heat customers
ability and willingness to pay needs to
be understood and reflected in long-
term business planning
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harvesting patterns, market
availabilities and storage characteristics

Biomass conversion concept needs to
understand and optimise these
specifities with regard to biomass
sourcing, storage facility setup, boiler
type and total CAPEX
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BIOMASS SUPPLY CHAINS

Biomass supply chains and coal to biomass conversions

Large scale biomass power generation

So far, just four European countries (Belgium, Denmark,
Netherlands and UK) have provided a positive environment to
allow large coal to biomass conversion projects.

These four countries mainly consume industrial wood pellets for
power generation and in 2019 the combined demand reached 13
million tonnes, mainly imported from overseas (North America,
the Baltics, Portugal and NW Russia).

When considering additional coal to biomass conversions, and
depending on the plant capacity and target generation pattern
(i.e. baseload versus seasonal/peak generation), different biomass
supply chains might provide different advantages.

— Domestic biomass supply chains
— International biomass supply chains

Coal to biomass conversion costs and expected power generation
costs will differ when different biomass fuels will be considered:

— Woodchips
- Wood pellets
— Agri-pellets (e.g. sugarcane bagasse pellets)

— Black pellets (produced through torrefaction or steam
explosion)

— Torrefied woodchips
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AFRY Biomass supply chain track record

— AFRY has an extensive track record in the biomass sector, helping

clients evaluating domestic and international sustainable biomass
supply chains.

AFRY assessments are often supported by sophisticated modelling
platforms, such as:

— Biomass Price Forecasting Model - mainly assessing
country level or multiple counties biomass markets, and
currently developed for the majority of the European
countries

— Pellet Price Forecasting Model - assessing the industrial
pellet sector in both Europe and Asia, and design for
overseas biomass supply chains

— AFRY also has a deep engineering expertise regarding torrefaction

and steam explosion technologies, as well as a deep
understanding of coal to biomass conversion projects.
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AFRY’S BIOMASS MARKET MODELLING - IBERIAN EXAMPLE

Domestic biomass supply chains will need to consider the potential sustainable biomass supply
as well as existing competing industries

Biomass Supply Development - Iberian Example
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BIOMASS MARKET ASSESSMENT
Existing and planned pulp and wood based panel mills in Iberia

Existing and Planned Pulp Mills Existing and Planned Wood Based Panel Mills
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BIOMASS MARKET ASSESSMENT

Existing and planned biomass power stations and wood pellet mills in Iberia

Existing and Planned Biomass Power Stations Existing and Planned Wood Pellet Mills
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AFRY’S BIOMASS MARKET MODELLING - IBERIAN EXAMPLE

Depending on the development of biomass paying capabilities, players mainly in the bioenergy
and wood pellet sector won’t be able to afford biomass at all times

Unmet Biomass Demand
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BIOMASS SUPPLY CHAINS

Biomass delivered prices will depend on biomass fuel type (white vs. black pellets, woodchips,
agri-pellets) and supply chain structure (domestic vs overseas)

Domestic Integrated Biomass Supply Chains
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Capex mInland transportation costs

International Industrial Pellet Supply Chain (AFRY’s PPFM)
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POWER STATION CONVERSION

Different biomass fuels, with different characteristics, will impact the power plant post
conversion performance

Power Plant Capacity
Post conversion Capacity
Net Efficiency

Annual Availability
Annual Availability

Net power production

Biomass LHV
Biomass density

Biomass demand

MWe
MWe
%

%
hours

MWh net

MWh/t
Kg/m3

t/year

628
632
38%
8%
725

458,400

5.31
750

225,000
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POWER PLANT CONVERSION AND GENERATION COSTS

Coal to biomass conversion costs will vary depending on each coal station set-up, target
generation profile and on type of biomass fuel

Conversion Costs vs Biomass Fuels Power Generation Costs
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CONCLUDING REMARKS
Contact us

— Reach out to us for more information:
pedro.campilho@afry.com
helge.barlen@afry.com

— More webinars will follow with relevant topics, and any
update on the evolving situation.

Renewable electricity in South Africa
Thursday 9 July

10am BST / 11am CEST

Sign up

The Iberian electricity market
after COVID-19

Thursday 16 July
2pm BST / 3pm CEST
Sign up
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