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2020 was an average if not satisfactory year for the
European pellet industry both on the supply and the
demand side, despite some hurdles.

The COVID-19 pandemic hit all parts of our society,
including the pellet sector. Luckily, it appeared
that, beyond being a mainly local, sustainable, and
affordable industry, our sector is also very resilient.
Indeed, besides having had a limited influence on
pellet use for electricity production after the drop of
electricity demand in Europe, the COVID-19 pandemic
had no dramatic impact on the industry. Thanks to the
automated nature of pellet production, and the fact
that several countries considered it to be an essential
industrial activity, the industry was able to continue
operating with the necessary COVID-19 safety
measures. Down the value chain, construction and
installation of appliances were only slightly impactedin
Europe. Allin all, the pellet industry keeps contributing
to the survival of local (rural) economies, while other
sectors saw a decline in their activities. Thankfully, as
we are writing these lines, the COVID-19 situation is
somehow easing, and we hope that this means the
beginning of the end for this dramatic pandemic.

Unfortunately, 2020 was also the year of bark beetle
outbreaks, which brought about the need for removing
dead wood from forests and a finding a use for it. Once
again, the bioenergy sector showed its essential role.
Fortunately, autumn 2021 was rather wet in Europe,
slowing down significantly, if not stopping, the parasite
reproduction cycle.

On a more positive note, the sales of residential pellets
heating appliances showed very encouraging trends in
countries like Germany, France and Austria, proving
that, when the governments actively invest in phasing
out fossil fuels, pellet systems directly appear as a
credible, affordable and sustainable solution. In 2021
we have been recording even more encouraging sales
in those countries.

President
EPC

General Manager
EPC

Despite the encouraging sales of pellet systems, 2020’s
demand for pellet was average. This average demand,
together with a supply curve that did not experience
any major shifts, led to a rather depressed market. But,
as always with the pellet industry, a certain situation
does not last for long. Indeed, 2021 has brought about
a complete change in market trends. First, the 2020-
2021 heating season lasted much longer than usual,
which, together with homeworking requirements in
many countries, led to an increased pellet use in the
residential market. Secondly, this long heating season,
coupled with high electricity prices, encouraged many
industrial operators to use more pellets than usual.
Such a sustained demand allowed most of the market
players to empty their stock at the end of the 2020-
2021 heating season. Today, all market conditions
are favourably pushing the demand while the stocks
levels are rather low, leading to a market tightening.
Still, even if the market is tightening, it is incredibly
impressive to see how pellet prices compare to fossil
fuel prices, which are currently hitting historical record
highs. Together with increasing appliance sales, this
shows again how bioenergy can help to fight energy
poverty in Europe.

All'in all, despite the 2020 hurdles, the pellet industry
continues its expansion and shows all its qualities.
Still, we hope that the market tightening will lead to
structural projects that may help the industry to better
anticipate and handle market fluctuations.
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THE STATISTICAL REPORT

Bioenergy Europe’s Statistical Report has been
enriched each year with new figures and information,
collecting unique data on the developments of the
European bioenergy market from a growing number of
international contributors.

Bioenergy Europe develops detailed reports that aid
industry leaders, decision makers, investors and all
bioenergy professionals to understand the situation of
bioenergy in Europe.

With more than 150 graphs and figures, readers of
Bioenergy Europe’s Statistical Report can get accurate
and up-to-date information on the EU-28 energy
system such as the final energy consumption of biomass

2010

First Statistical Report 89 pages

published

for heat and electricity, the number of biogas plants
in Europe, the consumption and trade of pellets, the
production capacity of biofuelsand otherkeyinformation
to help break down and clarify the complexity of a sector
in constant evolution.

In 2017, the Report was rewarded by the European
Association Awards for being the 'best Provision of
Industry Information and Intelligence, a recognition
after a decade of collective work.

THE EUROPEAN
) ASSOCIATION
AWARDS 2017

+ statistics on ENplus®
= + 2700 downloads

O +(124 )
~ pages

+ analysis on the

(o)}

N\l + (108 pages)

2013

+ socio-economic indicators
+ 2600 downloads

2011

+ pellet chapter
+ (108 pages)

ABOUT

BIOENERGY EUROPE

A bit of history

Bioenergy Europe is the voice of European
bioenergy.

It aims to develop a sustainable bioenergy market
based on fair business conditions. Founded in 1990,
Bioenergy Europe is a non-profit, Brussels-based
international organisation bringing together more
than 40 associations and 90 companies, as well as
academia and research institutes from across Europe.

Our vision
Bioenergy Europe will be the leading player in ensuring

that sustainable bioenergy is a key pillar in delivering a
carbon neutral Europe.

2016

+ chapter on environmental impact

+ EPC European Wood Pellet
+ Overview + expert's view
+ 3000 downloads

+ 158 pages

of bioenergy
+ projections on bioheat &
bioelectricity

of Industry Information &

Intelligence'by the European

Association Award
+ 4000 downloads
+ 300 pages

2015

+ statistics on wood chip consumption

+ 200 page report on bioenergy support
scheme in Europe

+ key findings report

+ 3500 downloads

+ awarded as 'the Best Provision

+ updated information on
[\ bioelectricity / bioheat market &
v support schemes in all EU28
Member States
+ a seperate report on ENplus®

Our mission

Bioenergy Europe facilitates the development of a
sustainable, strong, and competitive bioenergy sector
through:

Promotion towards European policymakers and
stakeholders for awareness, acceptance, and reputation
of bioenergy.

Promote the development of consistent, realistic,
and sustainable bioenergy scenarios in the heat,
electricity, and transport sectors.

Pro-active proposals to develop more favourable
European legislation.

Market intelligence to support decision making.
Services to members, including a support to
advocacy at national level.

Tools, including certification schemes, to sustain
market growth and credibility.

Industry collaboration throughout the entire supply
chain.

Promotion of efficient and innovative technologies
within the bioeconomy.

2018

+ report available to the public,
free of charge

+ emphasis on providing
transparent data & sharing
knowledge to support private &
public initiatives

to promote bioenergy

+ 300 pages

2021

2019/2020

+ Bioenergy Europe
publishes 7 focussed
reports published
throughout the year




OUR

ACTIVITIES

Bioenergy Europe carries a wide range of activities
aimed at supporting its members on the latest EU and
national policy developments. Bioenergy Europe works
to voice their concerns to EU and other authorities,
including, advocacy activities in key policy areas as well
as the organisation of dedicated working groups.

Working Groups

Bioenergy Europe's working groups act as a platform
for members to discuss common issues and exchange
information on the state of play of bioenergy.

There are currently 7 active working groups:

«  Agrobiomass & Energy Crops;
» Biopower & CHP;

+ Competitiveness;

+ Domestic Heating;

« Sustainability;

« Pellets;

+  Wood Chips.

Certification Schemes

Thanks to the experience and authority acquired over
the last 20 years, Bioenergy Europe has successfully
established three international certification schemes
to guarantee high quality standard for fuels, namely,
ENplus®, GoodChips® as well as the latest edition
in the certification for sustainable bioenergy: SURE.

SUSTAINABLE RESOURCES
Verification Scheme GmbH

Networks

Bioenergy Europe is the umbrella organisation of both
the European Pellet Council (EPC) and the International
Biomass Torrefaction Council (IBTC). These networks

EUROPEAN PELLET
COUNCIL

A NETWORK OF
BIOENERGY EUROPE

' INTERNATIONAL BIOMASS
= 'ORREFACTION COUNCIL

A NETWORK OF
BIOENERGY EUROPE

have been created thanks to the dynamics of Bioenergy
Europe members. Today, these networks bring together
bioenergy experts and company representatives from
all over Europe and beyond.

The European Pellet Council (EPC), founded in 2010,
represents the interests of the European wood pellet
sector. Its members are national pellet associations or
related organisations from over 18 countries.

EPC is a platform for the pellet sector to discuss issues
relating to the transition from a niche product to a major
energy commodity. Issues include the standardisation
and certification of pelletquality, safety, security of supply,
education and training, and the quality of pellet-using
devices. EPC manages the ENplus® quality certification.

Launched in 2012, the International Biomass Torrefaction
Council (IBTC), aims to build the first platform for
companies that have common interests in the
development of torrefied Biomass markets. Currently,
the IBTC initiative is supported by more than 23
companies worldwide.

IBTC's objective is to promote the use of torrefied biomass
as an energy carrier and to assist the development
of the torrefaction industry. In this respect, IBTC's key
activities are to undertake studies or projects, and to
commonly voice its members’ concerns to third parties
to help to overcome barriers of market deployment.

For further information on Bioenergy Europe's Networks & Certification Schemes

visit www.bioenergyeurope.org



OUR

MEMBERS’

As the common voice of the bioenergy sector, Bioenergy Europe, aims to develop
a sustainable bioenergy market based on fair business conditions and does so by
bringing together national associations and companies from all over Europe - thus
representing more than 4000 indirect members, including companies and research
centres.
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ENHANCED VISIBILITY
& SPONSORSHIP
OPPORTUNITIES

This opportunity entails a free of charge promotion
for Bioenergy Europe members only. This offer includes
the chance to display your organisation's logo as
well as a featured 100-word description, placed in
1 of the 7 annual statistical reports of your choice.

This enhanced visibility opportunity is limited and
interested members are required to contact the
team via

You can find further information about this opportunity on the Bioenergy Europe website.

Bioenergy Europe offers a sponsorship opportunity for the Statistical Report where you will have the opportunity
to have the highest level of visibility. In addition to having full page adverts in all 7 statistical reports, you will also
have your logos placed on publications, policy briefs, and enjoy content-driven tweets, as well as Linkedin posts,
amongst a variety of additional advantages.

You can find more information in regard to the sponsorship on our website
or get in touch with our Team at

*Bioenergy Europe Members receive a 50% discount on this sponsorship package

Bi®energy

EUROPE

Bioenergy Europe
Place du Champ de Mars 2A
1050 Brussels

T:43223184034 .
info@bioenergyeurope.org Www.bloenergyeu rope.org




ANDRITL

ANDRITZ Feed and Biofuel is one of the world's leading
suppliers of technology and services for the biofuel
industries.

We offer an extensive line of equipment for the
production of high-quality biomass products. We pair
our equipment with our state of the art automation
solutions to ensure full process traceability.

We have decades of experience designing and building
biomass plants; including engineering, installation,
start-up, and commissioning, as well as aftermarket
parts and service. This experience has resulted in
hundreds of successful biomass installation all over the
world.

However, ANDRITZ is not just passionate about our
machines - We are passionate about people, and we
have the bestin the industry. When you choose ANDRITZ
Feed and Biofuel as your partner, you get a dedicated
team of professionals who are there with you, every
step of the way.

www.andritz.com/feed-and-biofuel-en/
industries/biomass-pelleting

MATIONAL RENEWABLE
ENERGY CENTRE

ADltech

CENER (National Renewable Energy Centre of Spain)
operates the Pre-treatment Unit integrated in its Biorefinery
and Bioenergy Centre (BIO2C) for production of batches
of pre-treated biomass. It consists of a pilot plant with a
production capacity of 150-350 kg/h including chipping,
chopping, drying, torrefacction, and pelletization. The
Torrefaction Unit consists of an indirectly heated cylindrical
reactor using thermal fuid at temperatures between 220
and 300 °C to convert raw biomass into thermally treated
product. The pilot plant is very fexible regarding bulk
density and particle size, being able to process difficult
fuels with very low bulk density and very high fines content.

More info: www.bio2c.es

BiOenergy

EUROPE
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RUSSIAN PELLET
COUNCIL

Russian Pellet Council (RPC) is an authorized
industry association of all pellet market participants:
producers, traders, consumers, service providers, etc.
By now, more than 40 organizations from different
countries have joined RPC, including governmental
organizations and media. The association contributes
to the progress in the industry and growth of its
members by different ways. Some of the examples
of RPC's work are the events that take place regularly
and multi-page news bulletins published every month.

To know more, see the website:
www.ruspellet.com

CPM Europe is a globally trusted supplier of
premium biomass grinding, pelleting and briquetting
systems and solutions. We are a preferred supplier
of equipment to a continuously growing number
of customers in Europe, America and Asia. When
matched together with a global sales and service
network there is no better partner for your
biomass grinding and pelleting needs worldwide.

www.cpmeurope.nl

ENplus® is the world-leading quality certification
scheme for wood pellets that systematically
certifies the entire supply chain, from the early
stages of production to the delivery process. The
ENplus® requirements go beyond those of the
international standard ISO 17225-2 to guarantee
optimum efficiency. In addition, all actors along the
supply chain follow detailed guidelines to ensure
consistent quality. In ten years of existence, the
ENplus® scheme has certified more than 1100
companies in 47 countries and has become a widely
recognized brand, trusted by professionals and
consumers alike.

https:/enplus-pellets.eu/



Q) YEMMNK

At Yemmak, we produce machines tailored to your needs
and build turnkey factories as Turkey's largest manufacturer
since 1965. Leveraging our strength as the first feed
machine manufacturer in the Turkish private sector, we
create solutions for a variety of industries such as Feed
(Poultry, Ruminant, Pet Food, Aquatic, Flake), Biomass,
Rendering, Chemical, Material Handling and Storage. We
provide services for project consulting and engineering,
special-purpose projects, automation, modernization, steel
construction and after-sales support with a 300-strong
staff of leaded by specialist engineers. \We export more than
70 percent of our production to four continents.

SGS is the world's leading inspection, verification, testing
and certification company. We are recognized as the global
benchmark for quality and integrity. With more than 89,000
employees, we operate a network of more than 2,600 offices
and laboratories around the world.

Our core services are Inspection, Testing, Certification and
Verification.

WWW.SgSs.com

BATHAN®

swiss made lubricants

As a competent partner, BATHAN AG has been
advising well-known companies worldwide for the
use of high-performance lubricants and additives,
supporting maintenance planning and offering
OEM-quality plant maintenance.

We are a full-service provider to wood pellet
producers, offering service & repairs, spare parts,
consulting and training.

www.bathan.ch

|
!

SWREY

SUSTAINABLE RESOURCES
Verification Scheme GmbH

SURE enables all economic operators along the
supply chain, including the producers of wood
pellets, to prove sustainable use of biomass in
electricity and heat production

SUSTAINABLE RESOURCES Verification Scheme
(SURE) is a voluntary certification scheme that
aims at ensuring the sustainable and responsible
use of biomass within the energy sector. SURE's
set of criteria is in accordance with the principles
of the European Energy Directive (RED II) and
enables all economic operators within the
bioenergy sector to demonstrate compliance
with RED Il requirements*.

Interested to learn more? Visit our website:
Www.sure-system.eu

*after recognition by the European Commission

Congo Basin
Pellets

Sustainable, certified and providing African
employment.

Congo Basin Pellets is beginning its operations in
Gabon, using only wood waste and sawdust from the
multiple wood transformation companies installed in

Gabon's special economic zone at Nkok.

Our Nkok plant, producing 45,000 tons of wood pellets
per vear, will be fully operational by September 2021,
creating approximately 100 new direct jobs, whilst
also finally eliminating the burn-off of countless tons

of unused sawdust, veneer waste and log cutoffs.

Our pellets, made mostly from Okoume and Azobe
wood species, will be shipped in bulk to European
customers at first.

www.congobasinpellets.com

BiOenergy

EUROPE




Européenne
de Biomasse

Speed up
your decarbonization
with the HPCI Green Pellet®

Européenne de Biomasse’s edb-HPCI® technology is now an industrial reality:
the FICA-HPCI plant started the HPCI Green Pellet® production. (125 kt, Reims, France)

UJUJUJ.ebiomqss.eu

#, Européenne
de Biomasse

Easier to use and competitive
due to its advanced properties

v/) All biomasses @ Outdoor storage and transportation
@ Standardized, high energy density @ Grindable at any co-firing mix ratio
@ Highly stable, water-resistant, low dust, no CO @ Limited supply chain and conversion costs



AYIS Tech

GET THE BEST
SOLUTION FOR YOUR
ENERGY NEEDS!

<PEC Suwalki, Poland

OUR SOLUTIONS:

» Water heating boiler units (5 - 50 MW heat)
» Saturated head boiler units (8 - 30 t/h)

» Superheated boiler units (15 - 100 t/h)

» CHP (2.5 - 20 MWe; 10 - 80 MW heat)

» Thermal oil boiler units (10 - 50 MW)

» Fuel handling equipment and systems

» Ash removal equipment and systems

» Flue gas cleaning equipment and systems
» Heat recovery equipment and systems

Forest Investment, Lithuania >

<Rigas BioEnergija, Latvia

VISIT

m n u @AXISTech



AXIS Tech

EXPERT COMMENT

Dear readers,

Even though the COVID-19 pandemic has become
a challenge for all production sectors across the
world, Bioenergy Europe’s statistical Pellet report
shows that, fortunately, the pellet production did
not experience a major downturn and has increased
globally. One of the main reasons for this success was
the automatization of the pellet production process
that allowed most of the production to continue
despite the COVID measures. Furthermore, we are
currently facing a deficiency in raw materials in most
industries, but the high level of pellet stock allowed
the industry players not to experience any supply
shortage, although this had an impact on prices.

The breakdown of energy sources by fuel type in
the HVAC sector, to be found in the present report,
helps to identify which European pellet markets
are the most favourable for pellet systems. Indeed,
the countries where the households mostly rely on
coal and heating oil are offering the best potential
for the sales of pellet units. Even if we see positive
signs of renewable energy expansion, the whole
world has to do better to ensure the future of the
humanity. Indeed, all around the globe, we must
improve the energy efficiency of all processes along

AYIS Tech

with air quality improvement and greenhouse gas
reduction. To support this transition, some support
programmes are available on national and European
levels. To further transition, the private sector should
also take its part of social responsibility and further
encourage the phasing out of fossil fuel and embrace
biomass.

The AXIS Tech team is pleased to be able to offer to
the market what it needs the most in these difficult
times. We see a growing customer interest in AXIS
Tech technologies that can provide solutions such as
biomass equipment for the combustion of various
fuels and carbon-neutral energy production, and
conveyor systems that allow automation of various
production and transportation processes. By caring
about our partners' success and the future of
environment, we can help them solve problems that
may arise during their journey towards the world of
clean energy.

Greetings from
AXIS Tech Director of Commerce




1 Overview of World Pellet Sector

The global pellet production is continuously growing since its beginning, showing a growth of 5% from 2019 to
2020. The three highest production growth figures in absolute volumes came from Europe, Germany with 280.000
tonnes, Latvia with 193.291 tonnes and Russia with 150.000 tonnes.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021



1.1 World pellet production

In 2020, the production within the EU27 countries has been healthy but not exceptional. In absolute terms, the EU27
registered a fair 4% increase in production between 2019 and 2020. Within the EU27, Czech Republic had a significant
growth of 22%. Besides the EU27, Russia should be mentioned, as it recorded a remarkable increase of 7,3% with
significant potential to even record further growth in the coming years.

In North America, growth stagnated (+2%) in 2020. Canadian production increased by 410.000 tonnes (+14%) which
is consolidating Canada as the second largest country producer in the world. In comparison, the US has shown a
stagnated decrease (-2%).

In South America, two countries are showing an interesting development in pellet production, namely Brazil and Chile.
The production records of Brazil show 1.030.000 t in 2020 with a great increase of production capacity expected to
appear from 2023 onwards. Chile, with a much modest actual production reaching 176.217 tin 2020 is witnessing a
growth of the production capacity already from 2021 with the addition of 3 plants (total of 340.000 tonnes/year of
capacity).

Oceania witnessed a noticeable increase (+11%) in 2020 compared to 2019, compensating for the operating problems
and subsequently the closure of the largest producing plant in Australia (250.000 tonnes/year of capacity) at the
beginning of 2019. Despite this, New Zealand's production stabilised during 2020 but new projects are expected in
the coming years that could augment the production capacity mainly in Australia but also to a smaller extent in New
Zealand.

The production in South East Asia (Vietnam, Malaysia, Thailand, and Indonesia) grew dramatically in the recent years.
In 2020, a noticeable increase can be observed.

In this report, no data is displayed for China due to the great uncertainty surrounding the Chinese pellet market. The
size of the country and the fact that its market mainly comprises of small producers generates difficulties in obtaining
accurate statistics. Moreover, there is further ambiguity on the type of pellet that is produced in China (wood pellets
or agropellets). In any case, the Chinese market appears to be exclusively local (nearly no import or export) which has
almost no impact on the global market supply and demand.

In this report, Africa is part of the picture as the continent remains a very big wood supplier and at the same time it is
an uncharted area regarding the pellet industry. Still, investments have recently been made to produce wood pellets
in Africa (among others South Africa and Gabon) leading to a significant increase of pellets production to be seen in
Africain 2021.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021



Figure 1 Evolution of global pellet production (million tonnes)
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Source: EPC survey 2021; FAO; Future Metrics; Bioenergy International

Figure 2 Distribution of world pellet production in 2020 (%)
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Note: LU: 2020 production is a replication of 2019.
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EXPERT COMMENT

Russia - Future growth and
challenges of Russian production

Russia is on track to double pellet production
to 5.5 million tons within 5 years. To date, more
wood residues remain unused than are pelletized.
Moreover, the wood industry is growing, and more
and more residues need to be marketed. 80 new
pellet plants have been announced; 25 are currently
under construction.

80-90% of Russian pellets get exported. The main
challenges are related to insufficient railway
and port capacity. Railway tariffs for wood
pellets have risen by 40% in 2021. Additionally,
SBP proposes very challenging changes to its
requirements for producers working in conformity
with FSC (all Russian and Belarus SBP producers).

Currently, 86 pellet plants are ENplus and/or
SBP certified in Russia. Practically all pellets

originate from high-quality wood residues. The
prospects are excellent for further growth of
ENplus and the introduction of SURE certification.

Bioenergy Europe and the Russian Pellet Union
(RPU) cooperate on informing Russian producers on
pressing topics, such as the REDII implementation.
The RPU has achieved the status of Self-Regulatory
Organisation and is a member of Russia’s government
and railways’ workgroups.

Rens Hartkamp
Russian Pellet Union

Russian
Pellet
Union




2 World pellet consumption

The World pellet consumption has increased to reach 39.767.541 tonnes in 2020, or +7% compared to its level of
2019. On a global level, the industrial pellet consumption has increased by nearly 2,3 million tonnes, whilst residential
& commercial consumption increased by 0,3 million tonnes.

The EU27 remains globally the largest pellet user. Its consumption has grown by around 0,8 million tonnes in 2020
with the industrial use of pellets being led by the NL. With this, the NL consumption continued to increase in 2020,
reaching 2,0 million tonnes. The residential and commercial use of pellets is led by Italy with a consumption of 3,4
million tonnes and stabilising its previous year’s annual growth in 2020.

European countries outside of the EU27 also displayed robust growth in consumption (+5%), and, with the addition of
UK, their total consumption volume changed to a relatively big figure of 10,8 million tonnes in 2020.

In North America, the use of pellet has not witnessed a dramatic growth in the recent years despite different
initiatives to grow the market both in US and Canada. Still, a niche market is consolidating its expansion: the pellet
barbecues. The increasing sales of these barbecues lead to increasing sales of high margin pellets (e.g. 3 producers of
10.000 tonnes in Canada).

In South America, the use of pellet, mostly for residential and mid-scale heat production, is expected to grow in the
future even if the continent will also increasingly become a next exporting area. In Brazil, there is good growth
potential for pellet consumption in commercial and industrial applications.

The pellet consumption in Asia concentrates in two countries, South Korea, and Japan. Those two industrial pellet
users show very different trends in 2020. Indeed, the REC (Renewable Energy Certified) price dropped in South Korea,
which directly impacted the use and hence the import of pellets. The future growth of industrial use of pellets in South
Korea remains uncertain. Contrary to South Korea, Japan owns a much more stable support scheme, allowing a solid
growth of industrial pellet usage (sourced from Southeast Asia and Canada). Based on the current growth, Japan could
reach 10 million tonnes of industrial pellet usage by 2030.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021



Figure 5 World pellet consumption in 2020 by type of end-use (tonnes)
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Note: EE, LT, UK, NO & RU: 2020 consumption is a replication of 2019.
RU, JP; KR: 2020 residential consumption is a replication of 2019
Source: EPC survey 2021; Future Metrics; FAO; Hawkins Wright
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Figure 6 Distribution of world pellet consumption in 2020 (tonnes and %)
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RU, JP; KR: 2020 residential consumption is a replication of 2019
Source: EPC survey 2021; Future Metrics; FAO; Hawkins Wright

Figure 7 World pellet consumption by type of end use in 2020 (tonnes and %)

Note: EE, LT, UK, NO & RU: 2020 consumption is a replication of 2019.
RU, JP; KR: 2020 residential consumption is a replication of 2019
Source: EPC survey 2021; Future Metrics; FAO; Hawkins Wright
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Figure 8 Top 10 pellet consuming countries by end-use in 2020 (tonnes)
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2.1 World pellet trade

Two regions are net importers of pellets in the world: the EU28 and Asia. The Figure 12 confirms the current
hegemony of the EU28 concerning pellet consumption, nevertheless Asia is growing fast and is becoming alongside
with Europe the driving force of the pellet market development.

With EU28 pellet imports being sourced mostly from the US and Canada, as well as from bordering European countries
(mainly Russia), demand for pellets has been driven, in large, by the industrial consumption within UK, the
Netherlands, Denmark and Belgium and the residential consumption in Italy. The trade within Europe (import and
export) is detailed later in this report.

South Korea and Japan are almost exclusively importing their pellets. While South Korea is mainly sourcing its pellets
from Vietnam (around 1,9 million tonnes or 64% of its imports in 2020) and Malaysia (around 0,5 million tonnes or
17% of its imports in 2020), Japan is sourcing its pellet principally from Vietnam (around 1,2 million tonnes or 57% of
its import in 2020) with Canada covering 30% of their import (with a volume of 0,6 million tonnes).

The biggest exporting areas, namely North America (US and Canada), South East Asia (\Vietham, Malaysia, Thailand,
Indonesia) and Russia, are witnessing a very limited growth of local consumption, and will not see their net exporting
status changing in the near future.

Other

/ l Europe

XS South
PRODUCTION America 0202
DR Oceania

North @

America

Asia
(excl. China)

[l zo10 | 2020

CONSUMPTION

. 2019 2020

Note: LU: 2020 production is a replication of 2019, EE, LT, NL, UK &NO: 2020 consumption is a replication of 2019. JP; KR: 2020
residential consumption is a replication of 2019. The EU28 aggregation is used since UNcomtrade doesn’t use yet the EU27 one.
Source: EPC survey 2021; Future Metrics; FAO; Hawkins Wright, UNcomtrade; Bioenergy International
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3 Situation in Europe

3.1 European pellet production

In 2020, Europe as a whole recorded a 5,0% growth (compared to 2019) reaching nearly 23 million tonnes of
production. Although Europe remains unchallenged as the world largest pellet producer, production has ceased to

grow faster than the consumption since 2016 (in absolute terms).
The European pellet production faced various situations since 2017.

After the difficult times of 2017-2018, flooding in the Baltic States and forest fires in Portugal, the European pellet
production has not faced any critical issue in 2019 nor in 2020, allowing a sustainable growth of the industry.

Some countries even witnessed a solid growth of production, with the German production growing by 0,28 million
tonnes and the Latvian production growing by 0,19 million tonnes.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021



Figure 13 Map of European pellet production in 2020
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EXPERT COMMENT

Increase of pellet production in
western Europe

At present, a wave of investments in new pellet
production plants is taking place in Austria, Germany
and France. In Austria, 8 plants with a combined
capacity of 350.000 tonnes are being completed.
The German Pellet Institute expects an increase of
German pellet production capacity within the next
two years of 800.000 tonnes. ProPellets France is
expecting around 1 million tons of additional pellet
production capacity within the next 3-4 years.

While this sounds like a very substantial increase, it
should be kept in mind that demand has accelerated
enormously and will probably continue to increase.
In Austria, pellet boiler sales will reach 12.000 and
could increase further to up to 20.000 units a year,

pro»pellets

Austria

creating an additional demand of 100.000 tonnes
per year. In Germany, 60.000 boilers and 30.000
stoves will be installed, twice as much as last year
and numbers could increase further creating an
increase of annual demand beyond 500.000 tonnes.
In France, pellet stove sales will reach 190.000 units
and boiler sales are expected to reach 25.000 units
adding at least 300.000 tonnes of demand in 2021.

Christian Rakos
CEO
ProPellets Austria
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3.2 European pellet consumption

3.2.1 Total European pellet consumption

Figure 23 Map of pellet consumption in Europe in 2020

EUROPEAN / EU-27
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(IN 2020, TONNES, %) SOURCE: EPC SURVEY 2021, HAWKINS WRIGHT
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In 2020, European pellet demand experienced an increase of 1,3 million tonnes in comparison to 2019, representing
a growth of 5%, below the 7% growth that was observed in 2019.

The industrial growth was responsible for 89% of the total pellet consumption increase (from 2019 to 2020) in
Europe, while actually the total pellet consumption increase for the same period for United Kingdom (UK) and
Netherlands was due to a consumption increase for power only (4% increase for UK, 150% increase for Netherlands).

The residential/commercial market realised modest growth in most European countries in 2020 compared to 2019.
This can be explained by two main (correlated) factors. Firstly, the 2019-2020 heating season showed a rather similar
energy demand as for 2018-2019 in most European climate zones. Nonetheless, the 2020-2021 heating season has
witnessed a low energy demand during 2020's final months. Secondly, the heating appliance sales in Europe did not
show a dramatic increase during that period. However, despite this, France and Serbia are highlighted as growing
examples, as they have both registered the biggest increase (in absolute terms) in residential/commercial pellet
consumption.

More recently, the COVID-19 which was initially seen as a great risk for the pellet demand, finally appeared to have
very limited impact, much less than the low 2019-2020 heating season.
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Figure 24 European pellet consumption by type of end use in 2020 (tonnes and %)

Note: EE, LT, UK, NO & RU: 2020 consumption is a replication of 2019.
RU: 2020 residential consumption is a replication of 2019
Source: EPC survey 2021; Hawkins Wright

Figure 25 Evolution of pellet consumption in Europe by type (tonnes and %)
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3.2.2 European pellet consumption for heating

EUROPEAN/EU-27 WOOD PELLET
CONSUMPTION FOR HEAT

EUROPEAN EU-27
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EU27 pellet
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Source: EPC survey 2021; Hawkins Wright

The annual increase of the pellet demand in the residential/commercial sector was smaller in 2020 than in 2019:
+3,8%in 2020 (vs 2019) and +5% in 2019 (vs 2018). It can be explained by the fact that 2018 has benefited from fairly
good heating seasons while 2019 was deeply impacted by the low 2019-2020 heating season and a low start of
2020-2021 heating season. Furthermore, the not so strong increase in sales of heating appliances did not
compensate for this low demand. Despite this, France and Serbia are highlighted as growing examples, as they have
both registered the biggest increase (in absolute terms) in residential/commercial pellet consumption.

Still, in 2020, the residential and commercial consumption increased together by 152.339 tonnes. Commercial pellet
demand decreased in 2020 (-4%) while the residential showed a weak growth (+2%) and in absolute terms: + 289.686
tonnes for residential use and -137.287 tonnes for commercial use.
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Figure 27 shows the fluctuation of energy demand for heating between heating seasons since 2000. Indeed, HDD is
used as a proxy to estimate the heating energy needs - the higher the HDD for a season, the higher the need for
heating. Therefore, we can see that the heating season of 2012-2013 was generally characterised by colder
temperatures (i.e. higher HDD), creating some disruption on the pellet market that was not fully prepared, leading to
market tensions and even small shortages. For this reason, pellet market players then tried to organise themselves
to prevent this situation from repeating itself by increasing their production and stock. Unfortunately, from 2013 to
2016, Europe experienced three consecutive mild winters, leading to a rather disappointing growth of pellet
consumption in the heat market inducing the accumulation of pellet stock in some regions. Thankfully, the following
heating seasons were colder, resulting in better pellet use for heat showing a growth of around 12% over the 2016-
2017 period. This sudden rise in consumption generated again some tensions in the supply leading to shortage in
some areas and generating a price increase in 2018. The heating season of 2018-2019 was slightly milder than the
previous ones but only marginally colder than the ones from 2013 to 2016, leading to a modest growth of the pellet
consumption for heating. The 2019-2020 season followed the same pattern as the previous season and a reduction
in consumption also appeared. The 2020-2021 season started very similarly to the previous but then lasted for much
longer. Indeed, in many areas, the energy demand was still rather high in March and April, which unexpectedly
supported the pellet demand, allowing most of the market players to empty their stock.

3 Heating Degree Days (HDD) depict the severity of the cold in a specific time period taking into consideration outdoor
temperature and average room temperature (in other words the need for heating). The calculation of HDD relies on the base
temperature, defined as the lowest daily mean air temperature not leading to indoor heating. The value of the base temperature
depends in principle on several factors associated with the building and the surrounding environment. By using a general
climatological approach, the base temperature is set to a constant value of 15°C in the HDD calculation.

If Tm = 15°C Then [HDD = i(18°C — T'w)] Else [HDD = 0] where Ti, is the mean air temperature of day i.

Examples: If the daily mean air temperature is 12°C, for that day the value of the HDD index is 6 (18°C-12°C). If the daily mean
air temperature is 16°C, for that day the HDD index is O. Definition and explanations from Eurostat.
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Figure 28 Heating Degree Days for different heating seasons per month for three main EU climatic regions since
2013 (in HDD)*
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Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2020



.“.“.__-.“-.“.“.g.“._.“__.-.“.“.“._.“
AL H L EEH ELE BE R T LREREEE AR
CEELEIEEEREESEREE B EHER EEE SRR AR
HE U R SR H S R T

.u.-.__g.-—~.--.-.-._..—_-.-.-.-._-“
HEHUHUEH BB U B H! LHEH H T
HEH T EEH B B H 8 H CEEH

B amm—— N . P~ v # N

B e WD g— % & — W

— T - ™




Figure 29 Evolution of European pellet consumption for residential (<50kW) and commercial (>50kW) heat
excluding CHP (tonnes)
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Source: EPC survey 2021; Hawkins Wright

Figure 30 Growth of European pellet consumption for residential (<50kW) and commercial (>50kW) heat
excluding CHP by country between 2019-2020 (tonnes & %)
(@) Top 3 countries of absolute growth in pellet consumption
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3.2.2.1 RESIDENTIAL PELLET CONSUMPTION

Figure 32 Evolution of Europe’s top 5 countries for residential (<50kW) pellet consumption in Europe (tonnes)
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3.2.2.2 COMMERCIAL PELLET CONSUMPTION

Figure 37 Evolution of Europe’s top 5 countries commercial (>50kW) pellet consumption in EU (tonnes)
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3.2.3 European industrial pellet consumption

EUROPEAN/EU-27 INDUSTRIAL
WOOD PELLET CONSUMPTION

EUROPEAN

CONSUMPTION EU-27 INDUSTRIAL PELLET
1"' 3 CONSUMPTION
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Source: EPC survey 2021, Hawkins Wright

Q1-Q2 2020 showed great tensions on the industrial pellet market. Indeed, the supply was very tight, leading to spot
price records, increased use of coal (for the co-firing plants) but enhanced interest and use of agropellets.

Following great supply tightness that occurred in Q1-Q2 2019, the rest of 2019 and 2020 completely reversed the
trend. To avoid the 2019 hurdle, the utilities took strong positions and entered the 2019-2020 very well stocked while
the demand actually slowed down. Indeed, the 2019-2020 heating season has been rather low, impacting the need
of industrial pellets. In March 2020, the COVID-19 pandemic did reduce the electricity demand, which impacted the
industrial pellet users having their costs exposed. On top of that, the supply is strong, and some utilities did plan
outages or even faced technical problems, beside ENGIE Les Awirs closure. The 2020-2021 heating season has
started slowly but in many areas the heating season did last longer than usual, leading all in all to a significant energy
demand. Moreover, later on in 2021, the high electricity price and fossil fuel price led in some areas to an enhanced
use of pellet for electricity production, tightening further the market situation.

Belgium: Following the end of green certificate support, the biopower plant of ENGIE les Awirs stopped operating in
September 2020. This cessation will lead to a drop of industrial pellet usage of about 300.000 tonnes per year in Belgium.
Still, Rodenhuize plant, the second and last unit of ENGIE running on pellets, continues to operate.
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Denmark: The industrial pellet consumption in Denmark witnesses a drop for three consecutive periods with a
decrease of -1,8% in 2020, following a drop of -5% in 2019 compared to the previous year. The retrofitting success of
coal plants to biomass, that initially focused on wood pellets, indeed resulted in a peak consumption of pellets in 2017.
However, the recent retrofitting programmes have been diverted from pellets to wood chips. 2021 will show higher
numbers due to the high operating rates of some units during the long 2020-2021 heating season but also due to
favourable market conditions (high electricity price and high fossil fuel price).

Sweden: 2020 low consumption rates are the result of an energy demand variation. 2021 will show higher numbers
due to the high operating rates of some units during the long 2020-2021 heating season but also due to favourable
market conditions (high electricity price and high fossil fuel price).

The Netherlands: in 2020, the ramping up of industrial pellet usage perdured in the Netherlands, thanks to the SDE+
subsidy. Indeed, RWE Amers 9 hitarecord high in pellet consumption for electricity production, while RWE Eemshaven
plant's 2020 consumption was impacted by the consequences of a storage fire. Uniper MPP3 recorded its highest
pellet consumption rate (co-firing with coal) in 2020.

United Kingdom: The industrial pellet consumption increased again in 2020 to reach its record. This is mainly due to
2020 having been the first full year of operation both for the 4 units of Drax (the 4™ unit conversion was finalized in
Q3 2019) and the fully biomass converted EP Lynemouth plant. More use is expected at the very end of 2021 as the
MGT Teesside unit should be put online after having experienced some delay in the plant commissioning

For the coming years, no further investmentin industrial pellet usage is foreseen in any of the countries that are listed
above. Still, all the eyes are now turning to Germany and Poland. Indeed, both countries have committed to phase out
coal usage for electricity production but it is still very unclear at this stage whether pellet will indeed partly replace
coal.
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3.3.1 European stove market

Table 10 Average percentage of households with pellet stoves in 2020 in some European countries (%)

SK 0,04%
Note: considering maximum one appliance per household
Source: Eurostat and EPC survey 2021
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Portugal: The installation of pellet boilers and stoves reached a peak in the winter of 2019-2020. The producers
consider that, in the upcoming years, the number of installations will be steady with tendency to decrease in 2025

due to the competition with heat pumps.

Serbia: A huge increase of pellet stoves and boailers is the result of a huge number of schools (over 200), kindergartens,
health care centres and other public and commercial buildings that have switched from coal and heating to pellets.
Since 2019, the government of Serbia has supported a vast number of public buildings in replacing heating oil and coal

with wood pellets leading to sales increase.

Spain: The market trends in 2020 were worse than in 2019 with a 16% decrease in the annual sales of pellets stoves.
During the pandemic, the installations of stoves have been impacted due to the limited availability of installers, while
sales greatly recovered in the second part of the year. 2021 should be rather similar while 2022 and beyond should
be more favorable as Renewable Energies supports, and recovery funds will be put into place.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021
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3.3.2 European residential boiler market

cz 0,71%

IT 0,55%

EL 0,16%

Note: considering maximum one appliance per household
Source: Eurostat and EPC survey 2021
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OkoFEN

EXPERT COMMENT

Current situation and future of
residential pellets boiler in Europe

The market dynamics have clearly continued beyond
the Covid-19 year into 2021. In the countries that
have defined a clear goal to phase out oil heating,
the market is growing very fast. It seems, once the
government announces a clear target and deadline
for the ban of fossil fuel heating systems sales, the
market reacts quickly by focusing on renewables.

A factor that currently reduces the dynamic in some
regions is the limited capacity of installers. But there
is still a surprisingly high number of newly sold oil
boilers across Europe that also block installation
capacity - this could easily and quickly be used for
renewable heat without the need for additional,
new capacity. It remains to be seen if that happens
in the near future.

Despite the booming market, we maintain a clear
focus on innovation because we believe this is the
key for keeping the position of pellets in the heating
market of the future.

Our latest flagship project that contributes to this
goal is a boiler that produces ultra-low real-life
emissions. Taking upstream emissions into account,
such a pellet boiler produces fewer particulate
emissions than an existing oil boiler and is therefore
of great benefit not only for climate and the local
economy, but also for air quality. This is achieved
through a special combustion chamber design and
airflow that incurs very little extra costs and no
additional maintenance requirements.

Innovations like these, which are simple, cost-
effective and super-reliable, are leading the way to
continue to be part of the revolution in the heating
industry that is now taking place.

Stefan Ortner
CEO of OkoFEN
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3.5 European pellets price

Limitation of liability - Under no circumstance shall EPC and its contributors be liable for the exactitude, or the use made
of the price information available in this section.

Note: Red values indicate that VAT rates have changed from the previous year.

Table 16 VAT rate for pellets compared with general VAT rate applied in European countries in 2020 (%)

AL

AT

BA 17 17
BG 20 20
CH 8 8
Ccz 15 21
DE 7/5 19/16
EE 20 20
EL 24 24
ES 21 21
Fi 24 24
FR 10 20
HR 25 25
IT 22 22
LT 9 21
LV 12 21
ME 21 21
PL 23 23
PT 23 23
RO 19 19
RS 10 20
RU 20 20
SE 25 25
SI 22 22
SK 20 20

Source: EPC survey 2021
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European Energy Exchange

EXPERT COMMENT

Current development of energy commodity prices
and the spot market price for pellets

As shown in the chart below energy prices in 2021 are on the uptick for all energy
commodities. In September 2021 we saw new all-time highs in the respective
front month derivatives. That price trend did continue in October 2021.

Energy Commodity Price Indices (price per 02.01.2020 = 100)

5
= 2 A - P o o » g o o i il > fod A v A g A4 3> A
S & & & & & & e d & il » R [ 4 I & & & & & & R4
[y & L Sy L Ny N o Oy < & & & Ly [y N Ly [N & < & &
Ol emmmm(0a] em—Wood Pellets em=(as ee——flf —e—Fower

Why is there no similar price movement in spot Wood Pellets as there is in Gas, EUA, Coal and Power
prices? It remains obvious that the spot market for wood pellets follows different rules than spot markets
of energy commodities. How can the wood pellets market become more professional?

With Argus we do have a price reporting agency which delivers a credible price signal. With EEX
we do have an exchange platform which offers a hedging instrument to lay off the risks from
spot price volatility. The EEX Wood Pellets futures are a flexible hedging instrument which can
adjust quickly to market dynamics and external effects. At the same time active risk management
offers price adjustments in positions by de-risking buyers and sellers at the same time. Therefore,
a transition to a professional wood pellets market can be pursued as all ingredients are there.

Robert Seehawer

Senior Business Developer
European Energy Exchange
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4 ENplus® pellet production

Figure 69 Worldwide ENplus® certified production from 2011 to 2021 (tonnes)

®
Worldwide ENp/ us” cerfified pellet production

(from 2011 to 2021*, tonnes)

14.193.446

12.000.000 1t ST b
10.000.000 |-l A iy

8000000 |

6000000 |

4.000.000

2.000.000

0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021+

* Estimation for 2021

Source: Eprus®

The ENplus® certification scheme ensures wood pellet quality for the customer by guaranteeing the quality of the
pellets over the entire supply chain (i.e. from production to end-user delivery). This certification is governed and
managed by the European Pellet Council (network of Bioenergy Europe) outside Germany. In Germany Deutsches
Pelletinstitut DEPI is the governing body, with the support of National Associations, managing the certification on a
national level. Since its introduction, the number of countries with certified ENp/us® producers has rapidly grown,
reaching 46 countries with a total volume over 12,4 million tonnes of certified pellets produced in 2020 and 14,2
million tonnes in 2021(projection).

The number of ENplus® certified producers worldwide shows once again a sizeable growth, reaching 559 producers
and 516 traders in 2020. With these results, ENplus® is well on its way to reach its aim of harmonised pellet quality at
a global level.

Bioenergy Europe | European Bioenergy Outlook — Pellet Report | 2021



Figure 70 Worldwide ENplus® certified pellet production plants in 2020

Worldwide ENplus® certified pellet production
plants, 2020

o

Source: ENplus®

Figure 71 Amount of countries with ENplus® certified producers

®
@ Countries with ENplus” cerfified producers

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: ENplus®
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Figure 72 Total number of ENplus® certified producers/traders in 2020
9 ®
Total number of ENplus ™ certified producers/traders
(in 2020, number of producers/traders)

559 ENplus® 516 ENplus®
certified Producers cerlified Traders

Source: ENplus

Figure 73 Volumes of ENplus® certified pellet produced by the top 5 countries from 2014 to 2021 (tonnes)

® Volumes of ENplus” cerfified pellets
produced by the top 5 countries

(from 2017 to 2021*, tonnes)
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Figure 74 Volumes of ENplus® certified pellets produced by the top 20 countries in 2020 (tonnes)

(2020, tonnes)

Volumes of ENpIUS® certified pellets produced per country
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IBTC

EXPERT COMMENT

For the torrefaction industry, what had already
become apparent in recent years manifested itself
very strongly in 2021. A significant expansion in the
number of industrial sectors demanding torrefied
biomass is going hand in hand with a significant
broadening of the torrefied biomass product range.
The flexibility of torrefaction processes in terms
of product parameters, which has always been
presented but was hardly demanded by potential
power plant customers in the past, now presents
itself for some industrial sectors as the most cost-
effective and easiest way to sustainably replace
fossil carbon in their production processes. Today,
most torrefaction companies can offer in parallel
with the standard torrefied biomass product for
energy also high temperature torrefaction biomass
with C content of 75% or more.

The torrefaction gas surpluses appearing in such
production regimes enable operators to put their
business models on an additional footing while
increasing the overall process efficiency. Co-location
or integration of torrefaction plants with other

Q¢  INTERNATIONAL BIOMASS
-' \- TORREFACTION COUNCIL

A NETWORK OF
BIOENERGY EUROPE

processes is one of the recent developments seen.
The ability to process also ag by-products or other
biomass fractions has additional positive impacts
on sustainability of the supply chain and the system
economics.

Thus, the torrefaction industry, aside of having
reached TRLY in recent years, sees the applications
of torrefied biomass widen, the number of
industrially operated sites increase and the demand
from various industries constantly grow. This is a
long aimed for situation and a bright outlook for the
years to come.

Michael Wild
President
IBTC
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6 Overview of agropellets market

The agropellets market is rather unknown. Indeed, it appears to be very difficult to collect any precise statistics about
this sector. A significant part of the agropellets demand is linked to the wood pellets market tension. Indeed, the
market will only show a great interest for these products when the wood pellet market is scarce (as in early 2019).
Even with that, this market deserves the industry attention as the raw material potential is extremely important but
also because it might become a solution for several (industrial) market players in having their operational costs reach
a sustainable level.

In this current section, the few elements that could be collected will be aggregated.

The below data was collected in 2017, while the verbal comments were collected in 2021.

Figure 75 European pellet production by raw material in 2016 (%)

Source: EPC survey, 2017
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France: agropellets will be used for the district heating plant Paris La Defense.

Greece: Should the sustainable forestry management practices, harvesting and logistics methods for agricultural
residues improve in the future, then there might be serious opportunities to feed local factories from local agricultural
by-products (agropellets) or mixed bio-pellets (woody and agro-based). Especially tree pruning (e.g. resulting from
olive trees or vineyards) is expected to be a biomass source increasingly entering the feedstock mix with promising
chances of becoming a suitable fuel both for commercial and industrial.

Poland: Before 2019, the green certificates in Poland were driving an important use of agropellets in power plants,
mainly sourced from Ukraine and Poland. In 2016, the imported volume of sunflower husk pellets exceeded 300.000
tonnes. In 2019, the green certificates’ price crashed, leading to a drastic reduction of agropellets use in Poland. Since
then, most of the Polish agropellets producers have reduced their production, looked for other markets (e.g. animal
bedding) or switched to wood pellet production.

Spain: The main agropellets in Spain are olive cake pellet (50.000 tonnes in 2020) and some undetermined quantities
of straw (about 25.000 tonnes). A pellet plant for wood pellet has recently invested in a straw pelletizer.

Slovakia: The recent increase of straw price (30-80 €/t) has deeply impacted the production of straw pelletin Slovakia.

Switzerland: The production of agropellets is not expected to develop in Switzerland for two reasons. First,
Switzerland requires that pellets be made of wood, and second, the emission limits are very restrictive. At the
moment, the only work being done with agropellets is research.

Ukraine: Ukraine shows enormous potential for agropellets production (straw, sunflower husks, etc.). The sunflower
husk is gaining popularity in the metal and cement production.

Brazil: There are three plants using sugarcane bagasse for pellets production, one very small plant that uses coffee
husks, and that uses peanuts shell. There are no more significant projects for pellets from agriculture residues. The
mains reasons for this are the competition with 2™ generation ethanol, the seasonality of the raw material and the
difficulties to find a stable place in the market.

US: There is currently some interest in bagasse pellet production to be used in European power plants.
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7 Annexes

COUNTRY ABBREVIATIONS
EU27 European Union (27 members) AL Albania
AT Austria AU Australia
BE Belgium BA Bosnia Herzegovina
BG Bulgaria BR Brazil
cy Cyprus BY Belarus
cz Czech Republic CA Canada
DE Germany CH Switzerland
DK Denmark CL Chile
EE Estonia CN China
EL Greece ID Indonesia
ES Spain P Japan
Fl Finland KR South Korea
FR France ME Montenegro
HR Croatia MY Malaysia
HU Hungary NO Norway
IE Ireland NZ New Zealand
IT Italy RS Republic of Serbia
LT Lithuania RU Russia
LU Luxembourg TH Thailand
Lv Latvia UA Ukraine
MT Malta UK United Kingdom
NL Netherlands us United states of America
PL Poland VN Vietnam
PT Portugal
RO Romania
SE Sweden
SI Slovenia
SK Slovak Republic

Conventions to geographic regions:

EU27: European Union member states. In the case when a new country has joined the EU, the country will be added
also to previous years as a member of EU.

Other Europe: Albania, Bosnia Herzegovina, Belarus, Switzerland, Montenegro, Norway, Serbia, Ukraine, United
Kingdom, Russia

Europe: EU27+other European countries

Balkan countries: Bosnia Herzegovina, Croatia, Serbia, Slovenia, Montenegro, Albania

Baltic countries: Lithuania, Latvia, Estonia
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SYMBOLS AND ABBREVIATIONS AND DECIMAL PREFIXES

Symbol Meaning
. Decimal separator
Thousand
/na. Data not available

GENERAL CONVERSION FACTORS FOR ENERGY

to 1M 1kWh 1 kg oe Mcal
from
1Ml 1 0.278 0.024 0.239
1 kWh 3.6 1 0.086 0.86
1 kg oe 41.868 11.63 1 10

1 Mcal 4,187 1.163 0.1 1

119



FUEL PROPERTIES OF SELECTED BIOMASS FUELS

Fuel

Sawdust
Bark, birch

Bark,
coniferous
Plywood chips
Wood pellets
Steam wood
chips
Log wood
(oven-ready)
Logging residue
chips
Whole tree
chips
Reed canary
grass (spring
harvested)

Reed canary
grass (autumn
harvested)

Grain
Straw, chopped

Miscanthus,
chopped

Straw pellets
Olive cake
(olive pomace)
Olive cake
(olive marc)

1kWh/kg = 1 MWh/tonne = 3,6 GJ/tonne

Net calorific value,

dry content
(kWh/kg)
(moisture content
0%)
(qP,net,d)

5,28-5,33
5,83-6,39
5,14-5,56
5,28-5,33
5,26-5,42
5,14-5,56
5,14-5,28
5,14-5,56
5,14-5,56

4,78-5,17

4,64-4,92

4,8
4,83
5,0

4,83
4,9-5,3

4,9-5,3

Moisture
content

W-%
(ar)

45-60
45-55
50-65
5-15
7-8
40-55
20-25
50-60
45-55

8-20

20-30

11
12-20
8-20

8-10
55-70

<10

Net calorific value,
as received=actual
value (kWh/kg)

(qP,net,ar)

0,60-2,77
2,22-3,06
1,38-2,50
4,44-5,00
4,60-4,90
1,94-3,06
3,72-4,03
1,67-2,50
1,94-2,78

3,70-4,70

3,06-3,81

4,30
3,80-4,20
3,86-4,06

4,30-4,40
1,00-3,10

4,30-4,70

Source: EUBIONET “Biomass fuel supply chains for solid biofuels”

Bulk density
(kg/loose m?3)

250-350
300-400
250-350

200-300
550-650
250-350

240-320

250-400

250-350

70

80

600
80
110-140

550-650
800-900

600-650

Energy density
(MWh/loose m?3)

0,45-0,70
0,60-0,90
0,50-0,70
0,9-1,1
2,6-3,3
0,7-0,9
1,35-1,95
0,7-0,9
0,7-0,9

0,3-0,4

0,2-0,3

2,6
0,3-0,4
1,72-2,19

2,4-2,8
1,46-1,64

2,6-2,9

Ash content,
dr\/ (%)

0,4-0,5
1-3
1-3

0,4-0,8

0,2-0,5
0,5-2,0

1,0-3,0
1,0-2,0

1,0-10,0

5,1-7,1

2,0-3,5

2-7

2-7
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ENplus® REQUIREMENTS FOR WOOD PELLETS

Property

Diameter
Length
Moisture
Ash
Mechanical Durability
Fines (< 3,15 mm)
Temperature of pellets
Net Calorific Value
Bulk Density
Additives
Nitrogen
Sulfur
Chlorine

Ash Deformation
Temperature”

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc
"ash is produced at 815 °C
2 as received

3 dry basis

Unit

mm
mm
w-% 2)
w-% 3
w-% 2
w-% 2
°C
kWh/kg ?
kg/m3?
w-% 2
w-% 3
w-% 3
w-% 3)
°C

mg/kg ¥
mg/kg
mg/kg ?
mg/kg
mg/kg ¥
mg/kg ?
mg/kg 3
mg/kg

ENplus® A1

=0,7
=298,0°

=0,3
= 0,04

= 1200

ENplus® A2

ENplus® B

6x1o0r8=x1
3,15<L=40%

=10

=12

=20

297,5°

=1,09(s0,57)

=409
24,69

600 = BD = 750

=0,02

=2

=0,5

=1
=0,5
=10
=10
=10
=0,1
=10
=100

=1,0
= 0,05

=0,03
=z 1100

Testing
standard '
1ISO 17829
1ISO 17829
ISO 18134
ISO 18122

1SO 17831-1
ISO 18846

ISO 18125
ISO 17828
ISO 16948
ISO 16994
ISO 16994
CEN/TC 15370-1

ISO 16968
ISO 16968
ISO 16968
ISO 16968
ISO 16968
ISO 16968
ISO 16968
ISO 16968

4 a maximum of 1% of the pellets may be longer than 40mm, no pellets longer than 45mm are allowed.

S at the loading point of the transport unit (truck, vessel) at the production site
® at factory gate or when loading truck for deliveries to end-users (Part Load Delivery and Full Load Delivery)
7 at factory gate, when filling pellet bags or sealed Big Bags.
8 at the last loading point for truck deliveries to end-users (Part Load Delivery and Full Load Delivery)
9equal = 16,5 MJ/kg as received
"9the amount of additives in production shall be limited to 1,8 w-%, the amount of post-production additives (e.g.
coating oils) shall be limited to 0,2 w-% of the pellets.

" As long as the mentioned ISO standards are not published, analyses shall be performed according to related CEN

standards

Source: ENplus®Handbook
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GLOSSARY

Pellet

Co2 (Carbon
Dioxide Equivalent)

CHP heat pellets
consumption/use

CHP electricity
pellets
consumption/use

Commercial
consumption/use

Dedicated power
pellets
consumption/use

Derived heat

Industrial pellet
consumption

Pellet consumption
for heat production

Residential
consumption/use

In this report, the word 'pellet’is always in reference to ‘wood pellet’ unless otherwise stated in
cases where ‘agropellet’is specified.

Carbon dioxide equivalent is the standard unit for comparing the global warming potential of any
greenhouse gas over a specified period of time. In this way, the relative severity of all greenhouse
gas emissions can be evaluated in terms of one agreed reference point.

Volume of pellets used for the heat production within a combined heat and power appliance (CHP)
corresponding to 2/3 of the total volume of pellets used in the CHP.

Volume of pellets used for electricity production within a combined heat and power appliance
(CHP) corresponding to 1/3 of the total volume of pellets used in the CHP.

Volume of pellets used in dedicated heat boilers with a capacity greater than 50 kW. This class
includes dedicated heat boilers used in residential buildings, public buildings, services, industry
and excludes combined heat and power appliances (CHP).

Volume of pellets used for electricity production in a plant only producing electricity without
recovering the heat generated during the process.

According to Eurostat, derived heat covers the total heat production in heating plants and in
combined heat and power plants. It includes the heat used by the auxiliaries of the installation
which use hot fluid and losses in the installation/network heat exchanges. For auto-producing
entities (= entities generating electricity and/or heat wholly or partially for their own use as an
activity which supports their primary activity) the heat used by the undertaking for its own
processes is not included.

Pellet consumed in large scale CHP and Power plant

Without a specific note this corresponds to the volume of pellets used for residential, commercial
use/consumption and 2/3 of the total volume of pellets used in combined heat and power plants
(CHP)

Volume of pellets used in domestic’s stoves and dedicated heat boilers with a capacity below 50
kw
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